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(57) ABSTRACT 

The present invention relates to a combination of placental 
stem cells and stem or progenitor cells derived from a second 
source, Wherein the combination shoWs improved engraft 
ment as compared to placental stem cells or stem cells from a 
second source, alone. The combination is referred to as a 
combined stem cell population. The invention also provides 
in vitro and in vivo methods for identifying and producing 
combined stem cell populations, and models of engraftment. 
In accordance With the present invention, the placental stem 
cells may be combined With, e.g., umbilical cord blood-de 
rived stem or progenitor cells, fetal or neonatal stem cells or 
progenitor cells, adult stem cells or progenitor cells, hemato 
poietic stem cells or progenitor cells, stem or progenitor cells 
derived from bone marroW, etc. 
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CO-CULTURE OF PLACENTAL STEM CELLS 
AND STEM CELLS FROMA SECOND 

SOURCE 

[0001] This application is a continuation-in-part of US. 
application Ser. No. 10/366,671, ?led Feb. 13, 2003, Which is 
a continuation-in-part of US. application Ser. No. 10/076, 
180, ?led Feb. 13, 2002, noW abandoned, and Which claims 
bene?t of US. Provisional Application No. 60/437,292 ?led 
Dec. 13, 2002; and claims bene?t of US. Provisional Appli 
cation No. 60/754,692, ?led Dec. 29, 2005, the disclosures of 
each of Which are hereby incorporated by reference herein. 

1. INTRODUCTION 

[0002] The present invention provides in vitro and in vivo 
methods for optimizing the ratio of a placenta-derived stem 
cell population to a stem and/or progenitor cell population 
from a second source to create a combined stem cell popula 
tion having improved engraftment potential over populations 
of placental stem cells, or stem cells from the second source, 
alone. The present invention also provides combined stem 
cell populations comprising placenta-derived stem cells and 
stem or progenitor cells derived from a second source, 
Wherein the combination shoWs improved engraftment as 
compared to placental stem cells or the stem cells from a 
second source, alone. In accordance With the present inven 
tion, placenta-derived stem cells may be combined With, e.g., 
umbilical cord blood-derived stem or progenitor cells, fetal or 
neonatal stem cells or progenitor cells, adult stem cells or 
progenitor cells, hematopoietic stem cells or progenitor cells, 
stem or progenitor cells derived from bone marroW, etc. The 
combined stem cell populations may be transplanted into an 
individual in need of a transplantation of stem cells, for 
example, an individual Who has undergone myeloablative 
therapy and requires re-establishment of an immune and 
hematopoietic system, or an individual having a disease, dis 
order or condition treatable by the introduction to said indi 
vidual of stem cells. The combined stem cell populations may 
be used to treat any condition that Would bene?t from admin 
istration of stem cells, including blood disorders such as 
anemia, neurological disorders, immune disorders, and the 
like. 

2. BACKGROUND OF THE INVENTION 

[0003] Human stem cells are totipotential, pluripotential or 
multipotential precursor cells capable of generating a variety 
of mature human cell lineages. Stem cells can be employed to 
repopulate many, if not all, tissues and restore physiologic 
and anatomic functionality. For example, cell populations 
containing stem cells have been used in transplants to restore 
partial or full hematopoietic function in patients Who have 
undergone ablative therapy. 
[0004] Recently, Hariri has reported the isolation of stem 
cells from mammalian placentas, and the characteriZation of 
those stem cells. See Hariri, U.S.Application Publication No. 
2002/0123141 “Method of Collecting Placental Stem Cells,” 
Hariri, US. Application Publication No. 2002/0160510 
“Renovation and Repopulation of DecellulariZed Tissues and 
Cadaveric Organs by Stem Cells,” Hariri, US. Application 
Publication No. 2003/0032179 “Post-partum Mammalian 
Placenta, Its Use and Placental Stem Cells Therefrom,” and 
Hariri, US. Application Publication No. 2003/0180269 
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“Embryonic-like Stem Cells Derived From Post-partum 
Mammalian Placenta, and Uses and Methods of Treatment 
Using Said Cells”. 
[0005] Many different types of mammalian stem cells have 
been characteriZed. See, e.g., Caplan et al., US. Pat. No. 
5,486,359 (human mesenchymal stem cells); Hu et al., W0 
00/ 73421 (methods of isolation, cryopreservation, and thera 
peutic use of human amniotic epithelial cells); Boyse et al., 
US. Pat. No. 5,004,681 (fetal and neonatal hematopoietic 
stem and progenitor cells); Boyse et al., US. Pat. No. 5,192, 
553 (same); Beltrami et al., Cell 114(6):763-766 (2003) (car 
diac stem cells); Forbes et al., .1. Pathol. 197(4):510-518 
(2002) (hepatic stem cells). 
[0006] The success of transplantation of stem cells is sig 
ni?cantly related to the numbers of engraftable cells admin 
istered. The number of engraftable cells in, for example, a unit 
of cord blood, and the amount of cord blood, that may be 
obtained from a single donor can vary by tWo orders of 
magnitude. See, e.g., Gluckman, Hematology, American 
Society of Hematology Education Program Book, 1-14 
(1998). Therefore, a need exists for a method for improve 
ment of the engraftment potential of units of cord blood, cord 
blood-derived nucleated cells, or other stem cells, especially 
prior to transplantation. 

3. SUMMARY OF THE INVENTION 

[0007] The present invention provides a method of deter 
mining ratios of placenta-derived stem cells to stem cells 
from a second source to produce stem cell populations that 
produce greater numbers of colony-forming units, or 
improved engraftment in vivo, compared to placental stem 
cells or stem cells from a second source, alone. The present 
invention provides methods for enhancing and/ or accelerat 
ing the engraftment potential of cultures or units of stem cells, 
progenitor cells, or tissues containing stem or progenitor 
cells, e.g., cord blood, and combinations thereof. In particu 
lar, the invention provides methods and compositions for 
enhancing and/or accelerating the engraftment potential of a 
combination of placental stem cells and stem cells from a 
second source, e.g., umbilical cord blood or placental blood, 
or of stem cells derived therefrom. Such populations are 
referred to herein as “combined stem cell populations”. The 
invention further provides in vivo uses for the combined stem 
cell populations. In a preferred embodiment, the placental 
stem cells are placental stem cells contained Within a popu 
lation of cells obtained from placental perfusate. 
[0008] In one embodiment, the invention provides a 
method of identifying a ratio of placental stem cells to stem 
cells from a second source, comprising identifying a ratio of 
placental stem cells to stem cells from a second source in a 
total number of cells that, When said placental stem cells and 
stem cells from a second source are cultured together for a 
time and under conditions su?icient to alloW the formation of 
colony-forming units, produces a greater number of colony 
forming units than a number of placental stem cells or a 
number of stem cells from a second source, equivalent to said 
total number of cells, alone, thereby identifying said combi 
nation as a combined stem cell population. In a speci?c 
embodiment, said combined stem cell population improves 
engraftment in an individual in need of stem cells When said 
combined stem cell population is transplanted into said indi 
vidual, compared to the transplantation of a number of pla 
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cental stem cells equivalent to said number of cells, or stem 
cells from a second source equivalent to said number of cells, 
alone. 
[0009] In another embodiment, the invention provides a 
method of identifying a combined stem cell population com 
prising contacting in vitro placental stem cells With stem cells 
from a second source in a plurality of ratios, for a time and 
under conditions that alloW the formation of colony-forming 
units, and identifying a ratio Within said plurality of ratios that 
produces the greatest number of colony-forming units, 
Wherein said placental stem cells and said stem cells from a 
second source, When combined in said ratio, are identi?ed as 
a combined stem cell population. In a speci?c embodiment, 
said combined stem cell population improves engraftment in 
an individual in need of stem cells When said combined stem 
cell population is transplanted into said individual. 
[0010] In more speci?c embodiments, said combined stem 
cell population improves engraftment in an individual in need 
ofstem cells at least, or at, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 
13, 14, 15, 16, 17, 18, 19, 20 or 21 days post-transplant. In 
another more speci?c embodiment, said combined stem cell 
population improves engraftment in an individual in need of 
stem cells at least, or at, more than 21 days post-transplant. In 
speci?c embodiments, said combined stem cell population 
improves engraftment in an individual in need of stem cells at 
least, or at, more than 25, 30, 35, 40, 45, 50, 55 Weeks, or 1 
year or longer post-transplant. 
[0011] In another speci?c embodiment, said contacting 
comprises culturing said placental stem cells and said stem 
cells from a second source in the same physical space. In 
another speci?c embodiment, said contacting comprises cul 
turing said placental stem cells and said stem cells from a 
second source in separate physical spaces in shared culture 
medium. 

[0012] In another embodiment, said stem cells from a sec 
ond source are stem cells derived from cord blood. In another 
embodiment, placental stem cells comprise CD34+ cells, for 
example, CD34"CD38+ cells and/or CD34+CD38_ cells. In 
another embodiment, placental stem cells comprise cells that 
express one or more of markers CD10, CD29, CD44, CD54, 
CD90, CD73 or CD105, and lack one or more of markers 
CD34, CD38, CD45, SSEA3 and SSEA4. In another embodi 
ment, placental stem cells comprise cells that are positive for 
CD10, CD29, CD44, CD54, CD90, CD73 or CD105, and 
negative for CD34, CD38, CD45, SSEA3 and SSEA4. In 
another embodiment, placental stem cells comprise cells that 
comprise one or more of markers CD10, CD29, CD44, CD54, 
CD90, CD73 and CD105, and lack one or more of markers 
CD34, CD38, CD45, SSEA3 and SSEA4. In another embodi 
ment, placental stem cells comprise cells that are positive for 
CD10, CD29, CD44, CD54, CD90, CD73 and CD105, and 
negative for CD34, CD38, CD45, SSEA3 and SSEA4. 
[0013] In another embodiment, said placental stem cells 
comprise CD34“ cells. In a speci?c embodiment, said pla 
cental stem cells are CD34'CD38' placental stem cells. In 
another embodiment, said placental stem cells are OCT-4+ or 
ABC-p". In a more speci?c embodiment, said placental stem 
cells are OCT-4+ and ABC-p". In another embodiment, said 
placental stem cells comprise cells that are positive for CD10, 
CD29, CD33, CD44, CD73, CD105, CD117, and CD133, 
and negative for CD34 or CD45. In a more speci?c embodi 
ment, said placental stem cells comprise cells that are HLA 
ABC". In a more speci?c embodiment, said placental stem 
cells comprise cells that are HLA-ABC'. In a more speci?c 
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embodiment, said placental stem cells comprise cells that are 
HLA-DR". In a more speci?c embodiment, said placental 
stem cells comprise cells that are HLA-DR'. In another spe 
ci?c embodiment, the placental stem cells comprise cells that 
are CD200+ and HLA-G". In another speci?c embodiment, 
the placental stem cells comprise cells that are CD73", 
CD105+ and CD200". In another speci?c embodiment, the 
placental stem cells comprise cells that are CD200+ and OCT 
4". In another speci?c embodiment, the placental stem cells 
comprise cells that are CD73", CD105+ and facilitate the 
formation of embryoid-like bodies in a population of isolated 
placental cells comprising said stem cells, When said popula 
tion is cultured under conditions that alloW the formation of 
embryoid-like bodies. In another speci?c embodiment, the 
placental stem cells comprise cells that are CD73", CD105+ 
and HLA-G". In another speci?c embodiment, the placental 
stem cells comprise cells that are OCT-4+ and facilitate the 
formation of embryoid-like bodies in a population of isolated 
placental cells comprising said stem cells, When said popula 
tion is cultured under conditions that alloW the formation of 
embryoid-like bodies. 
[0014] In a speci?c embodiment, said placental stem cells 
are obtained from a single placenta. In another speci?c 
embodiment, said placental stem cells are obtained from a 
plurality of placentas. In another speci?c embodiment, said 
placental stem cells are obtained from placental perfusate. In 
another speci?c embodiment, said placental stem cells are 
obtained from said placenta by perfusion of said placenta 
With a perfusion solution. In a more speci?c embodiment, 
said perfusion solution comprises a protease or a mucolytic 
enZyme. In another speci?c embodiment, said placental stem 
cells are obtained by physical disruption of the placenta, or a 
part of the placenta. In a more speci?c embodiment, said 
physical disruption comprises contacting said placenta With a 
protease or mucolytic enZyme. In an even more speci?c 
embodiment, said protease is a collagenase (e.g., collagenase 
1, collagenase IV), trypsin (e.g., trypsin-EDTA), elastase, 
dispase, or a combination thereof. In another even more spe 

ci?c embodiment, said mucolytic enZyme is hyaluronidase. 
[0015] In another speci?c embodiment, said stem cells 
from a second source are cord blood-derived stem cells. In a 

more speci?c embodiment, said cord blood-derived cells are 
hematopoietic stem cells. In another more speci?c embodi 
ment, said cord blood-derived cells are non-hematopoietic 
stem cells. In another speci?c embodiment, said placental 
stem cells and stem cells from a second source are combined 

in suspension. In another speci?c embodiment, the method 
additionally comprises adding to said combination a bioac 
tive molecule. In a more speci?c embodiment, said bioactive 
molecule is a cytokine or groWth factor. 

[0016] The present invention also provides a combined 
stem cell population comprising a number of cells in vitro, 
saidnumber of cells comprising placental stem cells and stem 
cells from a second source, Wherein said combined stem cell 
population, When cultured for a time and under conditions 
that alloW the formation of colony-forming units, produces 
more colony-forming units than a number of placental stem 
cells equivalent to the number of cells in the combined stem 
cell population or a number of stem cells from a second 
source equivalent to the number of cells in the combined stem 
cell population, alone. The present invention further provides 
a combined stem cell population comprising a number of 
placental stem cells and stem cells from a second source in 
vitro, Wherein transplantation of said combined stem cell 
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population enhances engraftment of said stem cells compared 
to transplantation of a number of said placental stem cells 
equivalent to the number of cells in the combined stem cell 
population or a number of stem cells from a second source 
equivalent to the number of cells in the combined stem cell 
population, alone. In another speci?c embodiment, the com 
bined stem cell population comprises said placental stem 
cells and said stem cells from a second source in a ratio, out a 

plurality of ratios, that, When cultured under conditions 
allowing the formation of colony forming units, produces the 
most colony forming units. In a speci?c embodiment, said 
stem cells from a second source are cord blood stem cells, 
bone marroW stem cells, hematopoietic stem cells, or mesen 
chymal stem cells. In a more speci?c embodiment, said 
hematopoietic stem cells are cord blood hematopoietic stem 
cells. In another more speci?c embodiment, said hematopoi 
etic stem cells are CD34+ cells. In another speci?c embodi 
ment, said placental stem cells comprise CD34+ cells. In 
another speci?c embodiment, said placental stem cells com 
prise CD34_ cells. In another speci?c embodiment, said pla 
cental stem cells comprise cells that are OCT4+ orABC-p". In 
another speci?c embodiment, said placental stem cells com 
prise cells that are CD34+ and cells that are OCT4+ or ABC 
p". In another speci?c embodiment, said placental stem cells 
are contained Within placental perfusate substantially lacking 
red blood cells and cellular debris. In another speci?c 
embodiment, the placental stem cells comprise, or are, pla 
cental stem cells isolated from placental perfusate. In another 
speci?c embodiment, the placental stem cells are contained 
Within total nucleated cells from placental perfusate. In 
another speci?c embodiment, said placental stem cells are 
contained Within a population of cells obtained from placen 
tal perfusate. In another speci?c embodiment, said composi 
tion comprises placental cells isolated from enZyme-digested 
placental tissue. In another speci?c embodiment, said placen 
tal stem cells and said stem cells from a second source are 
obtained from the same individual. In another speci?c 
embodiment, said placental stem cells and said stem cells 
from a second source are obtained from different individuals. 

In another speci?c embodiment, said placental stem cells are 
derived from a plurality of placentas. In another speci?c 
embodiment, said stem cells from a second source are 
obtained from a plurality of individuals. 

[0017] In another embodiment, placental stem cells in said 
combined stem cell population comprise CD34+ cells, for 
example, CD34"CD38+ cells and/or CD34+CD38_ cells. In 
another embodiment, placental stem cells comprise cells that 
express one or more of markers CD10, CD29, CD44, CD54, 
CD90, CD73 or CD105, and lack one or more of markers 
CD34, CD38, CD45, SSEA3 and SSEA4. In another embodi 
ment, placental stem cells comprise cells that are positive for 
CD10, CD29, CD44, CD54, CD90, CD73 or CD105, and 
negative for CD34, CD38, CD45, SSEA3 and SSEA4. In 
another embodiment, placental stem cells comprise cells that 
comprise one or more of markers CD10, CD29, CD44, CD54, 
CD90, CD73 and CD105, and lack one or more of markers 
CD34, CD38, CD45, SSEA3 and SSEA4. In another embodi 
ment, placental stem cells comprise cells that are positive for 
CD10, CD29, CD44, CD54, CD90, CD73 and CD105, and 
negative for CD34, CD38, CD45, SSEA3 and SSEA4. In 
another embodiment, said placental stem cells comprise 
CD34“ cells. In a speci?c embodiment, said placental stem 
cells are CD34-CD38- placental stem cells. In another 
embodiment, said placental stem cells are OCT-4+ or ABC 
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p". In a more speci?c embodiment, said placental stem cells 
are OCT-4+ and ABC-p". In another embodiment, said pla 
cental stem cells comprise cells that are positive for CD10, 
CD29, CD33, CD44, CD73, CD105, CD117, and CD133, 
and negative for CD34 or CD45. In a more speci?c embodi 
ment, said placental stem cells comprise cells that are HLA 
ABC”. In a more speci?c embodiment, said placental stem 
cells comprise cells that are HLA-ABC'. In a more speci?c 
embodiment, said placental stem cells comprise cells that are 
HLA-DR". In a more speci?c embodiment, said placental 
stem cells comprise cells that are HLA-DR‘. In another spe 
ci?c embodiment, the placental stem cells comprise cells that 
are CD200+ and HLA-G". In another speci?c embodiment, 
the placental stem cells comprise cells that are CD73", 
CD105+ and CD200". In another speci?c embodiment, the 
placental stem cells comprise cells that are CD200+ and OCT 
4". In another speci?c embodiment, the placental stem cells 
comprise cells that are CD73", CD105+ and facilitate the 
formation of embryoid-like bodies in a population of isolated 
placental cells comprising said stem cells, When said popula 
tion is cultured under conditions that alloW the formation of 
embryoid-like bodies. In another speci?c embodiment, the 
placental stem cells comprise cells that are CD73", CD105+ 
and HLA-G". In another speci?c embodiment, the placental 
stem cells comprise cells that are OCT-4+ and facilitate the 
formation of embryoid-like bodies in a population of isolated 
placental cells comprising said stem cells, When said popula 
tion is cultured under conditions that alloW the formation of 
embryoid-like bodies. 
[0018] In another embodiment, placental stem cells, or 
stem cells from a second source, in said combined stem cell 
population comprise CD34+ cells that are positive for alde 
hyde dehydrogenase (ALDH). Such cells demonstrate detect 
able levels of ALDH activity in an ALDH assay. Thus, in 
various embodiments, a combined stem cell population of the 
invention comprises CD34+ stem cells, Where at least about 
5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 
60%, 65%, 70%, 75%, 80%, 85%, 90%, or at least 95% ofthe 
CD34+ stem cells are ALDH". 

[0019] The present invention also provides pharmaceutical 
compositions that comprise combined stem cell populations, 
e.g., placental perfusate, placental enZymatic digestate, or 
placental stem cells derived therefrom, combined With 
umbilical cord blood or umbilical cord blood-derived stem 
cells, in a pharmaceutically-acceptable carrier. In various 
speci?c embodiments, the placental stem cells in said com 
bined stem cell population can be derived from a single donor, 
or from a plurality of donors; the stem cells from a second 
source may be derived from a single donor, or from a plurality 
of donors; or both the placental stem cells and the stem cells 
from a second source may be derived from single donor, or 
from a plurality of donors. The combined stem cell popula 
tions useful in the methods of the invention may comprise 
stem cell populations that are partially or completely non 
HLA matched to an intended recipient, as Well as stem or 
progenitor cell populations that are completely HLA 
matched to an intended recipient. 

[0020] Combined stem cell populations, e.g., umbilical 
cord blood supplemented With placental perfusate or placen 
tal perfusate-derived stem and/ or progenitor cells in an opti 
mum ratio, have a multitude of uses, including prophylactic, 
therapeutic and diagnostic uses. In one embodiment of the 
invention, the combined stem cell populations comprising 
placental stem cells and stem cells from a second source are 
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used to renovate and repopulate tissues and organs, thereby 
replacing or repairing diseased tissues, organs or portions 
thereof. In another embodiment, the combination stem cell 
populations comprising placental stem cells and stem cells 
from a second source are used to promote re-establishment of 
hematopoiesis in individuals that have undergone partial or 
complete myeloablation. In another embodiment, the combi 
nation stem cell populations are used to promote re-establish 
ment of hematopoiesis in an individual that has been exposed 
to a lethal or sub-lethal dose of radiation. 

[0021] The present invention also provides methods of 
transplantation, and of treating an individual in need thereof, 
by administration of a combined stem cell population, com 
prising transplanting to said individual a number of placental 
stem cells and stem cells from a second source in a ratio, 
Wherein said combined stem cell population exhibits 
improved engraftment as compared to transplanting a number 
of placental stem cells equivalent to the number of cells in the 
combined stem cell population or a number of stem cells from 
a second source equivalent to the number of cells in the 
combined stem cell population, alone. In more speci?c 
embodiments, transplantation of said combined stem cell 
population improves engraftment in an individual in need of 
stem cells at least, or at, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 
14, 15, 16, 17, 18, 19, 20 or 21 days post-transplant, compared 
to transplantation of a number of placental stem cells equiva 
lent to the number of cells in the combined stem cell popula 
tion or stem cells from a second source equivalent to the 
number of cells in the combined stem cell population, alone. 
In another more speci?c embodiment, said combined stem 
cell population improves engraftment in an individual in need 
of stem cells more than 21 days post-transplant. 

[0022] In a more speci?c embodiment, said ratio is a ratio in 
a total number of cells that produces in vitro more colony 
forming units than either a number of placental stem cells or 
stem cells from a second source, equivalent to said total 
number of cells, alone, under conditions that alloW the for 
mation of colony-forming units. In another more speci?c 
embodiment, said ratio is the ratio in a plurality of ratios of 
placental stem cells and stem cells from a second source that, 
When combined in vitro under conditions that alloW the for 
mation of colony-forming units, produces the greatest num 
ber of colony-forming units. That is, if X is the number of 
placental stem cells plus the stem cells from a second source, 
in such an embodiment, the ratio of placental stem cells to 
stem cells from a second source produces in vitro more 
colony-forming units than either X placental stem cells alone, 
or X stem cells from a second source, alone. 

[0023] The invention further provides for the assembly of a 
bank of HLA-characterized placenta-derived stem cells for 
use in producing combined stem cell populations of the 
invention. In one embodiment, the invention provides a stem 
cell bank comprising a plurality of units of placenta-derived 
stem cells, Wherein said placenta-derived stem cells are iden 
ti?ed by at least one HLA marker. In a speci?c embodiment, 
said placenta-derived stem cells are isolated from placental 
perfusate. In another speci?c embodiment, said placenta 
derived stem cells are contained Within a population of nucle 
ated cells isolated from placental perfusate. In another spe 
ci?c embodiment, said placenta-derived stem cells are 
CD34+ stem cells. In another speci?c embodiment, said pla 
centa-derived stem cells are positive for CD73 or CD105, or 
are bound by antibodies SH2, SH3 or SH4. In another speci?c 
embodiment, said stem cell bank additionally comprises a 
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plurality of units of placental blood or umbilical cord blood. 
In another speci?c embodiment, at least one unit of said 
plurality of units of placental blood or umbilical cord blood is 
identi?ed by an HLA marker shared by one of said plurality of 
units of placenta-derived stem cells. In another speci?c 
embodiment, a majority of units Within said plurality of units 
of placental blood or umbilical cord blood is identi?ed by an 
HLA marker shared by a majority of units Within said plural 
ity of units of placenta-derived stem cells. 

3.1 DEFINITIONS 

[0024] As used herein, the term “exsanguinated” or “exsan 
guination,” When used With respect to the placenta, refers to 
the removal and/or draining of substantially all cord blood 
from the placenta. 
[0025] As used herein, “passage,” With respect to cell cul 
ture, means the aliquoting of a plurality of cells from one 
culture into a separate container to start a neW culture of cells. 
Typically, passaging comprises the aliquoting of, e.g., 10 - 
105 cells from one culture in one container into fresh medium 
in a separate container. Cells are typically passaged When a 
culture of cells approaches con?uency, that is, When a mono 
layer of adherent cells forms a single layer over the entire area 
available for groWth. 
[0026] As used herein, the term “perfuse” or “perfusion” 
refers to the act of passing a ?uid through the vasculature of a 
placenta With a force suf?cient to collect a plurality of pla 
cental cells. As used herein, the term “placental perfusate” 
refers to the ?uid collected folloWing its passage through a 
placenta, including cells that have been collected from the 
placenta during perfusion. 
[0027] As used herein, the terms “placental blood” and 
“umbilical cord blood” are equivalent. 
[0028] As used herein, the terms “placental stem cell” and 
“placenta-derived stem cell” are equivalent. 
[0029] As used herein, the term “placental stem cell” refers 
to a stem cell that is obtained from or derived from a mam 

malian placenta, or a portion thereof (e.g., amnion, chorion, 
and the like) regardless of morphology, cell surface markers, 
etc., but does not encompass a trophoblast. The phrase 
encompasses a stem cell obtained directly from a placenta, 
e.g., as part of a population of placental cells in placental 
perfusate or digested placental tissue (digestate), or a stem 
cell that is part of a population of placental cells that has been 
expanded and/ or passaged one or more times. The term does 
not, hoWever, encompass stem cells derived solely from 
another tissue, e.g., placental blood or umbilical cord blood. 
The placenta comprises stem cell populations having, and 
distinguishable from each other by, for example, distinct sets 
of markers. 
[0030] As used herein, the term “positive,” in reference to a 
stem cell marker, means that the marker is present in a detect 
ably higher amount, or detectably higher level, than the 
amount or level of said marker in a reference non-stem cell, 
e.g., a ?broblast. More generally, a cell is “positive” for a 
marker When the cell can be differentiated from one or more 
other cell types on the basis of the presence of that marker in 
or on the cell. 

[0031] As used herein, “stem cell from a second source” 
means any mammalian stem cell (including progenitor cells) 
from a source other than a mammalian placenta. 

[0032] As used herein, the term “stem cell” encompasses 
stem cells and progenitor cells. 
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[0033] As used herein, the term “unit,” When applied to 
cord blood or placental blood, indicates a single collection of 
blood from a single donor, or the nucleated cells, or the stem 
cells, obtainable from such a collection. Typically, the volume 
of blood from a single donor ranges from about 50 to about 
150 ml of blood. The term “unit,” When applied to placental 
perfusate, means the volume of perfusion ?uid used to collect 
placental stem and progenitor cells from a single placenta, or 
the nucleated cells, or the stem cells, obtainable from such a 
volume of perfusion solution. The volume of placental per 
fusate in a unit is typically from about 100-500 ml to about 
1000 ml. 

4. BRIEF DESCRIPTION OF THE FIGURES 

[0034] FIGS. 1A-1D: Summary of FACS analysis of 
engrafted human cells in mice bone marroW using CD45 
antibodies in tWo independent experiments. (A): First experi 
ment, CD45+ cells present in bone marroW at 3 Weeks for 
umbilical cord blood cells only (UCB), placental perfusate 
cells only (PP) or umbilical cord cells combined With placen 
tal perfusate cells (UCB+PP). X-axis: numbers of cells per 
transplantation. (B): First experiment, CD45+ cells at 10 
Weeks post-transfusion. (C): Second experiment, CD45+ 
cells in bone marroW at 3 Weeks post-transfusion. (D): Sec 
ond experiment, CD45+ cells in bone marroW at 10 Weeks 
post-transfusion. 
[0035] FIG. 2: FACS analysis of engrafted human cells 
expressing lymphomyeloid cell markers in NOD/SCID mice. 
Co-expression of CD45+ With CD19 (left bar in each cat 
egory); CD33 (middle bar); or CD7 (right bar). X-axis: num 
bers of cells per transplantation. UCB?ransplantation of 
umbilical cord blood cells only; PP?ransplantation of pla 
cental perfusate cells only. UCB+PP:transplantation of 
umbilical cord cells combined With placental perfusate cells. 

5. DETAILED DESCRIPTION OF THE 
INVENTION 

[0036] The present invention provides combinations of (1) 
placental stem cells, e.g., placental stem cells in human pla 
cental perfusate, placental stem cells in placental enZymatic 
digestate, isolated placental stem and/ or progenitor cells, and 
the like; and (2) stem cells from a second source, in a total 
number of cells, Wherein the placental stem cells and stem 
cells from the second source are present in the combination in 
a ratio that produces a greater number of colony-forming 
units compared to a number of colony-forming units pro 
duced by placental stem cells or by stem cells from a second 
source, equivalent to said total number of cells, alone. The 
invention further provides combinations of placental stem 
cells and stem cells from a second source that enhance 
engraftment in vivo compared to the number of colony-form 
ing units produced by a number of placental stem cells 
equivalent to the number of cells in said combination, or a 
number of stem cells from a second source equivalent to the 
number of cells in said combination, alone. The present 
invention further provides methods of identifying such ratios, 
and such combinations, and methods of using the combined 
stem cell populations. 
[0037] 5.1 OptimiZing Combinations of Placental Stem 
Cells and Stem Cells from a Second Source 
[0038] 5.1.1 In Vitro Assay 
[0039] The invention provides in vitro co-culture methods 
for identifying a combination of placental stem cells and stem 
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cells from a second source that has improved engraftment 
potential as compared to a number of either placental stem 
cells or stem or progenitor cells from a second source, equiva 
lent to the number of cells in said combination, alone. The in 
vitro co-culture assay thus identi?es ratios of placental stem 
cells to stem cells from a second source that improve the 
number of colony-forming units, and engraftment, in a non 
cell number-dependent manner. 

[0040] In one embodiment, for example, the invention pro 
vides a method of identifying a ratio of placental stem cells to 
stem cells from a second source, comprising identifying a 
ratio of placental stem cells to stem cells from a second source 
in a total number of cells that, When said placental stem cells 
and stem cells from a second source are cultured together for 
a time and under conditions that alloW the formation of 
colony-forming units, produces a greater number of colony 
forming units than a number of placental stem cells or stem 
cells from a second source, equivalent to the number of cells 
in said total number of cells, alone. In another embodiment, 
Where several ratios are compared, the invention provides a 
method of identifying a ratio of placental stem cells and stem 
cells or progenitor cells from a second source in a total num 
ber of cells, comprising contacting a population of said pla 
cental stem cells in vitro With a population of said stem cells 
from a second source in a plurality of ratios for a time and 
under conditions su?icient to alloW the formation of colony 
forming units, and identifying a ratio Within said plurality of 
ratios that yields the greatest number ofcolony-forming units. 
In a speci?c embodiment, said ratio improves engraftment 
into a recipient as compared to engraftment by a number of 
placental stem cells or stem cells from a second source, 
equivalent to the number of cells in said total number of cells, 
alone. In more speci?c embodiments, said combined stem 
cell population improves engraftment in an individual in need 
ofstem cells for at least 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 
14, 15, 16, 17, 18, 19, 20 or21 days post-transplant. In another 
more speci?c embodiment, said combined stem cell popula 
tion improves engraftment in an individual in need of stem 
cells at a time more than 21 days post-transplant. 

[0041] 5.1.1.1 Placenta-Derived Stem Cells 
[0042] Placenta-derived stem cells useful in the methods 
and compositions of the invention include, for example, 
embryonic-like cells, pluripgtent cells, multipotent cells, 
committed progenitor cells, hematopoietic progenitor cells, 
and mesenchymal-like stem cells from placenta. In one 
embodiment, the placenta-derive stem cells are contained 
Within, or are derived from, placental perfusate. 
[0043] Placenta-derived stem cells used in the methods of 
the invention can be derived from a single placenta, or from a 
plurality of placentas, and may be obtained by any method. 
Placenta-derived stem cells can be obtained by, for example, 
perfusion, as disclosed in US. Application Publication Nos. 
2002/0123141 and 2003/0032179, the disclosures of each of 
Which are incorporated herein by reference. Such perfusion 
can be perfusion by the pan method, Wherein perfusion liquid 
is forced through the placental vasculature and perfusion ?uid 
that exudes from the placenta, typically the maternal side, is 
collected in a pan containing the placenta. Perfusion can also 
be a closed-circuit perfusion, Wherein perfusion ?uid is 
passed through, and collected from, only the fetal vasculature 
of the placenta. In a speci?c embodiment, such perfusion can 
be continuous, that is, perfusion ?uid that has been passed 
through the placenta, and Which comprises a plurality of 
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placental cells, is passed through a second time, or a plurality 
of times, prior to isolation of placental cells. 
[0044] Placenta-derived stem cells may also be obtained by 
physical or enzymatic disruption of the placenta using, e.g., 
proteases and/or other tissue-disruptive enZymes to disrupt 
the multicellular structure of the placenta. Such proteases 
may include neutral proteases or metalloproteases, e.g., col 
lagenase, dispase, trypsin, elastase, and the like. Placental 
stem cells may also be obtained by physical disruption of the 
placenta using, e.g., mucolytic enZymes, for example, hyalu 
ronidase. 
[0045] The isolated perfused placenta of the invention pro 
vides a source of large quantities of stem cells enriched for 
CD34+ stem cells, e.g., CD34+CD38_ stem cells, e.g., 
CD34", CD38‘, lin‘ stem cells, and CD34- stem cells, e.g., 
CD34'CD38+ stem cells. The ?rst collection of blood from 
the placenta is referred to as cord blood Which contains pre 
dominantly CD34"CD38+ hematopoietic progenitor cells. 
Within the ?rst tWenty-four hours of post-partum perfusion, 
high numbers (e.g., 1><105 to about 2x107) of CD34+CD38_ 
hematopoietic progenitor cells may be isolated from the pla 
centa, along With high concentrations of CD34-CD3 8+ cells. 
After about tWenty-four hours of perfusion, high numbers 
(e.g., 1-10 million) of CD34-CD38- cells can be isolated 
from the placenta along With the aforementioned cells. An 
isolated placenta that has been perfused for tWenty-four hours 
or more provides a source of large quantities of stem cells 
enriched for CD34'CD38' stem cells. 

[0046] In another embodiment, the combined stem cell 
populations of the invention comprise CD34+ placental stem 
cells that are positive for aldehyde dehydrogenase (ALDH). 
Such cells demonstrate detectable levels of ALDH activity in 
an ALDH assay. Such assays are knoWn in the art (see, e.g., 
Bostian and Betts, Biochem. J., 173, 787, (1978)). In a spe 
ci?c embodiment, said ALDH assay uses ALDEFLUOR® 
(Aldagen, Inc., Ashland, Oreg.) as a marker of aldehyde dehy 
drogenase activity. Thus, in various embodiments, a com 
bined stem cell population of the invention comprises CD34+ 
stem cells, Where at least about 5%, 10%, 15%, 20%, 25%, 
30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 
80%, 85%, 90%, or at least 95% ofthe CD34+ stem cells are 
ALDH". 
[0047] At least one class of human placental stem cells has 
characteristics of embryonic stem or germ cells. For example, 
stem cells of this class are SSEA3' (stage-speci?c embryonic 
antigen 3)’ OCT_4+ (a stem cell transcription factor) and 

ABC-p+ (ATP-binding cassette (ABC) transporter protein), a 
marker pro?le exhibited by pluripotent stem cells that have 
not yet undergone differentiation. Thus, the methods and 
compositions of the invention can use or comprise non-em 
bryonic, placental stem cells that are, e.g., SSEA3‘, SSEA4‘, 
OCT-4+ or ABC-p". Preferably, the placental stem cells are 
OCT-4+ABC-p+, and, even more preferably, are SSEA3 
SSEA4-OCT-4+ABC-p+. In another embodiment, the inven 
tion encompasses the use of placental stem cells positive for 
at least one of CD10, CD29, CD44, CD54, CD90, CD73 or 
CD105, or negative for at least one of CD34, CD38, or CD45. 
In another embodiment, the methods and compositions of the 
invention can use or comprise placental stem cells having or 
positive for CD10, CD29, CD44, CD54, CD90, CD73 or 
CD 1 05, and lacking or negative for CD34, CD3 8, or CD45 . In 
another embodiment, the methods and compositions of the 
invention can use or comprise placental stem cells positive for 
at least one of CD10, CD29, CD44, CD54, CD90, CD73 or 
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CD105, or negative for at least one of CD34, CD38, or CD45. 
In another embodiment, the invention encompasses the use of 
placental stem cells having or positive for CD10, CD29, 
CD44, CD54, CD90, CD73 or CD105, and lacking or nega 
tive for CD34, CD38, or CD45. 
[0048] In one embodiment, placental stem cells used in the 
methods and compositions of the invention are identi?ed by 
the presence of the markers CD10, CD29, CD44, CD54, 
CD90, CD105 (SH2), CD73 (SH3, SH4), OCT-4, and/or 
ABC-p, and/or the absence of the markers CD34, CD38, 
CD45, SSEA3, or SSEA4. In a speci?c embodiment, the 
placental stem cells are CD10", CD29", CD34‘, CD38‘, 
CD44", CD45‘, CD54", CD73", CD90", CD105", SH2+, 
SH3", SH4", SSEA3‘, SSEA4‘, OCT-4+, and ABC-p". In 
another speci?c embodiment, the placental stem cells are 
CD200+ and HLA-G". In this context, “SH2+”, “SH3+” and 
“SH4+” mean that a stem cell is bound by antibody SH2, 
SH3, or SH4, respectively. In another speci?c embodiment, 
the placental stem cells are CD73", CD105+ and CD200". In 
another speci?c embodiment, the placental stem cells are 
CD200+ and OCT-4+. In another speci?c embodiment, the 
placental stem cells are CD73", CD105+ and facilitate the 
formation of embryoid-like bodies in a population of isolated 
placental cells comprising said stem cells, When said popula 
tion is cultured under conditions that alloW the formation of 
embryoid-like bodies. In another speci?c embodiment, the 
placental stem cells are CD73", CD105+ and HLA-G". In 
another speci?c embodiment, the placental stem cells are 
OCT-4+ and facilitate the formation of embryoid-like bodies 
in a population of isolated placental cells comprising said 
stem cells, When said population is cultured under conditions 
that alloW the formation of embryoid-like bodies. As used 
herein, “embryoid-like bodies” refers to three-dimensional 
clusters of differentiating, and differentiated, cells that 
emerge from the adherent stem cell layer. 
[0049] In another embodiment, the human placental stem 
cells do not express MHC Class 2 antigens. 
[0050] Populations of placental perfusate-derived stem 
cells, in one embodiment, comprise trophoblasts. 
[0051] Cell markers, e.g., stem cell markers and cell surface 
markers, can be routinely determined according to methods 
Well knoWn in the art, eg by How cytometry or ?uorescence 
activated cell sorting (FACS) analysis by Washing and stain 
ing With an anti-cell surface marker antibody labeled With an 
appropriate ?uorophore. For example, to determine the pres 
ence of CD34 or CD38, cells may be Washed in PBS and then 
double-stained With anti-CD34 phycoerythrin and anti-CD38 
?uorescein isothiocyanate (Becton Dickinson, Mountain 
VieW, Calif.). The cells Would then be analyZed using a stan 
dard ?oW cytometer. Alternatively, intra-cellular markers can 
also be examined via standard methodology. Antibody/?uo 
rophore combinations to speci?c markers include, but are not 
limited to, ?uorescein isothiocyanate (FITC) conjugated 
monoclonal antibodies against HLA-G (available from Sero 
tec, Raleigh, NC), CD10 (available from BD Immunocy 
tometry Systems, San Jose, Calif.), CD44 (available from BD 
Biosciences Pharrningen, San Jose, Calif.), and CD105 
(available from R&D Systems Inc., Minneapolis, Minn.); 
phycoerythrin (PE) conjugated monoclonal antibodies 
against CD44, CD200, CD117, and CD13 (BD Biosciences 
Pharmingen); phycoerythrin-Cy7 (PE Cy7) conjugated 
monoclonal antibodies against CD33 and CD10 (BD Bio 
sciences Pharmingen); allophycocyanin (APC) conjugated 
streptavidin and monoclonal antibodies against CD38 (BD 
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Biosciences Pharmingen); and Biotinylated CD90 (BD Bio 
sciences Pharmingen). Other antibody/label combinations 
that can be used include, but are not limited to, CD133-APC 
(Miltenyi), KDR-Biotin (CD309, Abcam), CytokeratinK 
Fitc (Sigma or Dako), HLAABC-Fitc (BD), HLA DRDQDP 
PE (BD), [3-2-microglobulin-PE (BD), CD80-PE (BD) and 
CD86-APC (BD), CD45-PerCP (peridin chlorophyll pro 
tein); CD44-PE; CD19-PE; CD10-F (?uorescein); HLA-G-F 
and 7-amino-actinomycin-D (7-AAD); HLA-ABC-F; and 
the like. 
[0052] Placental stem cells, e.g., placental stem cells con 
tained in placental perfusate, can be used immediately after 
collection, or can be cultured for a period of time prior to 
assaying or administration to an individual in a combined 
stem cell population. For example, in one embodiment, the 
stem cells can be cultured in medium comprising Notch ago 
nist, e. g., a deletion form of a Notch protein consisting essen 
tially of the intracellular domain of the Notch protein, or a 
Delta protein. See US. 2004/0067583. 
[0053] 5.1.1.2 Stem Cells From a Second Source 
[0054] The methods and compositions described hereinuse 
placental stem cells in combination With stem cells from a 
second source, that is, stem cells from any source other than 
a mammalian placenta. Stem cells from a second source can 
comprise one or more types of stem cells, such as embryonic 
stem cells, embryonic germ cells, adult stem cells, mesenchy 
mal stem cells, hematopoietic stem cells, non-hematopoietic 
stem cells, bone marroW-derived stem cells, neural stem cells, 
cardiac stem cells, ocular stem cells, epithelial stem cells, 
endothelial stem cells, hepatic stem cells, pulmonary stem 
cells, muscle stem cells, intestinal stem cells, and the like. 
Stem cells from a second source can be stem cells isolated 
from the second, non-placental source, or can be tissue com 
prising the stem cells. As for the placenta, stem cells can be 
isolated by perfusion of the organ(s) comprising the stem 
cells, or by tissue disruption and/ or enzymatic digestion of the 
organ(s) comprising the stem cells. Stem cells from a second 
source can be, e.g., stem cells derived solely from umbilical 
cord, or solely from amniotic ?uid. 
[0055] Stem cells from a second source may be obtained by 
providing a sample of a relevant tissue, and isolating stem 
cells from the tissue using one or more cell surface markers. 
For example, hematopoietic stem cells may be obtained from 
blood (e.g., peripheral blood, placental blood, umbilical cord 
blood) or from bone marroW by obtaining a sample of blood 
or bone marroW, isolating mononuclear cells from the blood 
orbone marroW, and separating CD34+ cells from the isolated 
mononuclear cells. Such separation may be accomplished by 
methods routine in the art, eg using apherisis, folloWed by 
separation using magnetic beads or a column comprising one 
or more antibodies to the cell surface marker, e.g., CD34 or 
CD200; ?uorescence-activated cell sorting (FACS), and the 
like. For blood, the stem cells can be provided in a population 
of total nucleated cells (TNC) from the blood, e.g., total 
nucleated cells from peripheral blood, placental blood, 
umbilical cord blood, and the like. 
[0056] Stem cells from other tissues may be isolated in a 
similar manner. Mesenchymal stem cells may be isolated 
from, e.g., bone marroW by isolation of cells positive for 
CD73, CD105 and/or CD45 (see, e.g., US. Pat. No. 6,387, 
367). Ocular (limbal) stem cells may be obtained from the 
cornea by obtaining corneal cells and isolating SSEA-4+ cells 
(see, e.g., US. Application Publication No. 2005/0186672). 
Hepatic stem cells may be obtained from liver, particularly 
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fetal liver, samples, by selecting cells expressing CD14, 
CD34, CD38, ICAM, CD45, CD117, glycophorin A, con 
nexin 32, osteopontin, bone sialoprotein, collagen I, collagen 
II, collagen III, collagen IV, or combinations thereof (see, 
e.g., US. Application Publication No. 2005/0148072). 
Muscle stem cells may be obtained from muscle tissue by 
selecting CD34+CD45 cells that do not express other hemato 
poietic cell markers (see, e.g., US. Application Publication 
No. 2005/ 0079606). Cardiac stem cells may be isolated from 
cardiac tissue by selecting c-kit-CD31"CD38+ cells (see, e. g., 
US. Application Publication No. 2004/0126879). Isolation 
of stem cells may be accomplished using other knoWn char 
acteristics or markers, as Well. 

[0057] In one embodiment, said stem cells from a second 
source are cordblood stem cells. In speci?c embodiments, the 
cord blood stem cells are CD34+ stem cells, e.g., CD34", 
CD38+ stem cells, CD34", CD38“ stem cells, CD34", CD38“, 
lin' stem cells, and the like. In a speci?c embodiment, the 
CD34+ stem cells from a second source are ALDH". Cord 
blood itself, or stem and/or progenitor cells obtained from 
cord blood, can be used in the methods of the invention. In a 
speci?c embodiment, said cord blood-derived cells comprise 
hematopoietic stem cells, Where the combined stem cell 
population is to be used for hematopoietic engraftment. The 
stem cells from a second source may be derived from a single 
donor, or from a plurality of donors in equal or unequal 
amounts. Stem cells from a plurality of second (that is, non 
placental) sources may be combined With placental stem 
cells, and used for the methods and compositions of the 
present invention. 
[0058] Stem cells from a second source, e.g., hematopoietic 
stem cells from a second source, can be used immediately 
after collection, or can be cultured for a period of time prior to 
assaying or administration to an individual in a combined 
stem cell population. For example, in one embodiment, the 
stem cells can be cultured in medium comprising Notch ago 
nist, e.g., a deletion form of a Notch protein consisting essen 
tially of the intracellular domain of the Notch protein, or a 
Delta protein. See US. 2004/ 0067583 
[0059] 5.1.1.3 Assay Parameters 
[0060] Once a population of placental stem cells and a 
population of stem cells from a second source are obtained, 
the cells can be combined in an in vitro co-culture, or colony 
forming, assay to determine if the number of stem cells in a 
particular combination produces more colony-forming units 
than a number of placental stem cells or stem cells from a 
second source, equivalent to the number of cells in said com 
bination, alone. Any such combination of placental stem cells 
and stem cells from a second source in a ratio that produces 
more colony forming units than either placental stem cells or 
stem cells from a second source alone, for equivalent numbers 
of cells, is identi?ed as a combined stem cell population of the 
invention. 
[0061] The identi?cation of a combined stem cell popula 
tion can use any colony forming unit assay commonly used 
and knoWn in the art, provided the assay alloWs for the pro 
liferation and differentiation of stem cells from placenta and 
from a second source, for example, colony forming assays 
provided by StemCell Technologies, Inc. Such an assay may 
use, e.g., MESENCULTTM medium (Stem Cell Technologies, 
Inc ., Vancouver British Columbia). The identi?cation of com 
bined stem cell populations can use cells that are freshly 
prepared, or thaWed from froZen stocks, or both. Preferably, 
both the placental stem cells and stem cells from a second 
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source are in suspension When combined for co-culture. Pla 
cental stem cells, and stem cells from a second source, may be 
assessed for viability, proliferation potential, and longevity 
using standard techniques knoWn in the art, such as trypan 
blue exclusion assay, ?uorescein diacetate uptake assay, pro 
pidium iodide uptake assay (to assess viability); and thymi 
dine uptake assay, MTT (3-(4,5-dimethylthiaZol-2-yl)-2,5 
diphenyltetraZolium bromide) cell proliferation assay (to 
assess proliferation). Longevity may be determined by meth 
ods Well knoWn in the art, such as by determining the maxi 
mum number of population doublings in an extended culture. 

[0062] In one embodiment of the in vitro method, a colony 
forming unit assay using placental stem cells and cord blood 
derived stem cells is performed as folloWs. Fresh or thaWed 
HLA/ donor matched placental perfusate and cord blood units 
are obtained, and the number of total nucleated cells in each 
is determined With a hemacytometer. Where thaWed units are 
used, cord blood samples can be hetastarch-separated, and 
placental perfusate units are preferably Ficoll-separated. 
Small samples of nucleated cells from each source are seeded 
together in suspension in tWo or more ratios in a co-culture, 
and expanded. The co-culture can be performed in, e.g., trip 
licate for one or more ratios of placental stem cells to stem 
cells from a second source, in, for example, 35 mm dishes in 
an appropriate cell culture medium (e. g., RPMI 1 640 medium 
supplemented With 2-10% fetal calf serum and, optionally, 
1% Stemspan cytokine cocktail; Methocult GF+H4435 
medium, etc.). Hematopoietic stem cells may be expanded in 
culture medium comprising GM-CSF, IL-3, IL-6, SCP and 
?t-3 ligand. 
[0063] The container used for the co-culture assay is pref 
erably appropriate for tissue culture of stem cells. For 
example, co-cultures may be performed in glass or plastic 
Petri dishes, 16-Well plates, 32-well plates, 96-Well plates, 
128-Well plates, and the like. Typically, the total number of 
nucleated cells from each source in each co-culture varies 
from 1><104 to 1x106. Cells may also be co-cultured in a 
micropatterned con?guration. See US. Pat. No. 6,221,663. 
[0064] When determining the ratio of placental stem cells 
to stem cells from a second source in a cell population that 
comprises a number of placental stem cells and stem cells 
from a second source, the preferred ratio is any ratio that 
generates more colony forming units than that generated by 
said number of placental stem cells or said number of stem 
cells from a second source under the same conditions. More 
preferably, the ratio is a ratio that generates a higher number 
of colony-forming units than all other ratios tested. Statistical 
signi?cance betWeen ratios tested is desirable, but not neces 
sary. The higher number of colony-forming units may be 
attributable to, or be derived from, both placental stem cells 
and stem cells from a second source; from predominantly or 
only the placental stem cells; or predominantly or only the 
stem cells from a second source. 

[0065] The combined stem cell population is cultured for a 
time su?icient for colony forming units to form, typically 
10-20 days. Cell culture during expansion folloWs standard 
protocols knoWn in the art of stem or progenitor cell culture, 
and includes, for example, daily or semi-daily changes of 
medium; culture at about 370 C. at 5% CO2 in a humidi?ed 
incubator, and the like. After 10-20 days, the number and 
morphology of colony forming units in the co-culture is deter 
mined (e.g., for hematopoietic stem cells, the number of 
CPU-GM, CFU-L, CFU-M, CFU-G, CFU-DC, CFU 
GEMM, CFU-E). 
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[0066] In a speci?c example of the co-culture assay, nucle 
ated cells from placenta perfusate, and nucleated cells from 
cord blood are combined a ratio of 1:1, 1:3 and 3:1 (Where 1 
equals, e.g., 1><105 cells) in Methocult GP+ H4435 medium. 
The co-culture is then expanded in tissue culture for about 14 
days. The morphology of the co-cultured cells, and the num 
ber of colony forming units, is determined. The ratio of the 
nucleated cell samples from the tWo sources that provides the 
highest number of colony-forming units is designated an 
optimum ratio, and the tWo units, or stem and/or progenitor 
cells from one or both of the units, are combined in the 
optimum ratio for administration to a recipient in need of a 
stem cell transplant. Such an optimum ratio provides superior 
engraftment in vivo over the administration of either unit, or 
stem and/or progenitor cells from either unit, alone, Where 
equivalent numbers of cells are administered. 

[0067] The placental stem cells and stem cells from a sec 
ond source are contacted With each other during the co-cul 
turing, either directly or indirectly. At a minimum, this com 
prises contacting one of the types of stem cells With culture 
medium in Which the other type of stem cell has cultured for 
a period of time, e. g., contacting one of the types of stem cells 
With medium that has been conditioned by the other type of 
stem cell. For example, the placental stem cells, and stem 
cells from a second source may be cultured together in the 
same physical space during culture for colony-forming unit 
formation, e. g., in the same culture dish or Well in a multi-Well 
plate. The placental stem cells and stem cells from a second 
source may also be contacted With each other by culturing in 
separate physical spaces, but in common culture medium 
(e.g., separated by a membrane, or in tWo Wells of a multiWell 
plate Wherein culture medium may move actively or passively 
betWeen the Wells, but cells cannot mix). In another embodi 
ment, placental stem cells and stem cells from a second 
source may be cultured in separate physical spaces With no 
common culture medium, and the stem cells brought into 
contact With each other by an exchange of part or all of the 
culture medium from one stem cell culture With that of the 
other. In another embodiment, the cells in the co-culture are 
cultured in a manner that physically separates the cells, but 
alloWs biomolecules to diffuse betWeen the tWo cultures. See, 
e.g., US. Pat. No. 5,665,596 “Device for Cell Co-culture and 
Method for Its Use in Culturing Cells”. Where the stem cell 
cultures are separate, the number of colony-forming units in 
the separate, paired cultures is totaled for each replicate of 
ratio, and an optimum ratio determined, as above. 
[0068] In another embodiment of the method, a bioactive 
molecule is added to the placental stem cells and stem cells 
from a second source during the assay, and a ratio of placental 
stem cells to stem cells from a second source is identi?ed that, 
for a total number of cells, results in more colony-forming 
units, or enhanced engraftment, compared to a number of 
placental stem cells or stem cells from a second source, 
equivalent to said total number of cells in said combination, 
alone. Such a bioactive molecule may be a small organic 
molecule ofless than 50 kDa, 30 kDa, 20 kDa, 10 kDa, 5 kDa, 
3 kDa, 2 kDa, 1 kDa, 500 Da, 300 Da, 200 Da, 100 Da or 
smaller. In a speci?c embodiment, said small organic mol 
ecule is synthetic or non-natural, that is, not derived from a 
natural source. In another speci?c embodiment, said bioac 
tive molecule is a cytokine or groWth factor. Bioactive mol 
ecules that can be added to the co-culture include differentia 
tion-inducing agents such as, but are not limited to, Ca“, 
EGF, ot-FGF, [3-FGF, PDGF, keratinocyte groWth factor 
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(KGF), TGF-B, cytokines (e.g., IL-lot, IL-1[3, IFN-y, TFN), 
retinoic acid, transferrin, hormones (e. g., androgen, estrogen, 
insulin, prolactin, triiodothyronine, hydrocortisone, dexam 
ethasone), sodium butyrate, TPA, DMSO, NMF, DMF, 
matrix elements (e.g., collagen, laminin, heparan sulfate, 
MATRIGELTM), or combinations thereof. Bioactive mol 
ecules that are differentiation suppressants may also be 
added, such as, but not limited to, human Delta-1 and human 
Serrate-l polypeptides (see, Sakano et al., U.S. Pat. No. 
6,337,387 entitled “Differentiation-suppressive polypep 
tide”, issued Jan. 8, 2002), leukemia inhibitory factor (LIF), 
and stem cell factor. 
[0069] Where a bioactive molecule is added to the co-cul 
ture, the co-culture assay may be used to identify a positive 
effector of engraftment. In one embodiment, therefore, the 
invention provides a method of identifying a bioactive mol 
ecule that is a positive effector of engraftment comprising 
contacting a combined stem cell population With said bioac 
tive molecule, Wherein said bioactive molecule is identi?ed as 
a positive effector of engraftment if engraftment by said com 
bined stem cell population is detectably enhanced compared 
to engraftment by a combined stem cell population not con 
tacted With said bioactive molecule. In another embodiment, 
the invention provides a method of identifying a positive 
effector of engraftment comprising combining placental stem 
cells and stem cells from a second source in vitro in one or 

more ratios in the presence of said bioactive molecule; cul 
turing said placental stem cells and stem cells from a second 
source for a time su?icient for colony forming units to form; 
determining the number of colony-forming units for each of 
said one or more ratios; and determining, for at least one of 
said one or more ratios, Whether the number of colony form 
ing units in the presence of said bioactive molecule is greater 
than the number of colony forming units in the absence of said 
bioactive molecule, and, if so, identifying said bioactive mol 
ecule as a positive effector of engraftment. 
[0070] The in vitro assay may be performed on any placen 
tal stem cell population and stem cell population from a 
second source to determine an optimum ratio for engraftment. 
In this aspect, the in vitro co-culture assay can be used as a 
standard, routine procedure to characterize stem cell popula 
tions prior to transplantation. 
[0071] 5.1.2 In Vivo Assay 
[0072] The results of the above in vitro assay may be con 
?rmed using an in vivo engraftment assay. The in vivo assay 
may also be performed in the absence of the in vitro assay to 
determine an optimum ratio of placental stem cells, and stem 
cells from a second source, to maximize engraftment. 

[0073] In one embodiment of the in vivo assay, placental 
stem cells and stem cells from a second source are trans 
planted into a plurality of model animals and given suf?cient 
time to engraft (typically 6-10 Weeks). The animals are sub 
sequently sacri?ced, and the degree of engraftment in each 
animal is determined for at least one tissue. Thus, in one 
embodiment, the invention provides a method of identifying 
a ratio of placental stem cells and stem cells or progenitor 
cells from a second source for engraftment into a recipient, 
comprising identifying a ratio of placental stem cells to stem 
cells from a second source in a total number of cells that, 
When transplanted into an animal, results in enhanced 
engraftment compared to transplantation of a number of pla 
cental stem cells or stem cells from a second source, equiva 
lent to the number of cells in said total number of cells, alone. 
In another embodiment, said identifying a ratio of placental 
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stem cells to stem cells from a second source comprises 
transplanting a number of placental stem cells and stem cells 
from a second source in a plurality of animals, in a plurality of 
ratios; determining the number of engrafted cells in at least 
one tissue of said animals for each of said plurality of ratios; 
and identifying the ratio in said plurality of ratios that yields 
the highest number of engrafted cells. 
[0074] As in the in vitro assay, the placental stem cells can 
be placental stem cells obtained by any means or present in 
any usable form. For example, the placental stem cells may be 
contained in placental perfusate, or may be contained Within 
isolated total nucleated cells from the placental perfusate, or 
may be a population of stem cells isolated from the total 
nucleated cells, or may be placental stem cells contained 
Within enzyme-digested placental tissue, or may be placental 
stem cells isolated from enZyme-digested placental tissue, or 
may be placental stem cells that have been expanded and/or 
passaged in culture, etc. 
[0075] Any standard model animal may be used in the in 
vivo co-culture assay. Preferably, the model animal is one in 
Which engraftment of xenografts may be readily accom 
plished. Small mammals such as standard laboratory rodents 
such as mice and rats are preferred because they require feWer 
administered stem cells to shoW engraftment. It is highly 
preferable that the model animal be immune-compromised. 
Animal models that may be used in the in vivo assay include, 
but are not limited to, NOD/SCID (non-obese diabetic/ severe 
combined immune de?ciency) mice (see Hogan et al., Blood 
90(1):85-96 (1997)); beige/nude/x-linked immunode?ciency 
(BNX) mice (see, e.g., Kamal-Reid et al., Science 242:1706 
(1988)); SCID mice (see, e.g., Kamal-Reid et al., Science 
246: 1 597 (1989). Engraftment may be accomplished in other 
animal models, such as sheep fetuses (see, e.g., ShimiZu et al., 
Blood 91(10):3688-3692 (1998); Zanjani etal., [1127.]. Hema 
zol 63(3): 179-182 (1996)). 
[0076] The determination of the number of engrafted cells 
in tissues from the recipient animal may be accomplished by 
any means knoWn in the art. For example, detection of 
engrafted cells may be accomplished by detection of 
engrafted cell-speci?c nucleic acids, e.g., by the polymerase 
chain reaction, or by detection of proteins speci?c for 
engrafted cells, e.g., by immunohistochemstry. Identi?cation 
of engraftment in vivo may be determined through the use of 
a sample, e.g., biopsy specimen, taken at one or more loca 
tions on, and at one or more post-transplantation times from, 
a recipient. 

[0077] In one embodiment, demonstration of engraftment 
of placental stem cells and/or cord blood-derived stem cells 
can be accomplished by taking a biopsy (e.g., bone marroW 
aspirate or peripheral blood sample) and performing PCR to 
determine Whether any non-recipient genetic markers are 
present, Which Would indicate engraftment. In another 
embodiment, identi?cation of engrafted cells is accom 
plished by selection of one or more antibodies that recogniZe 
markers expressed by the engrafted cells. In a speci?c 
embodiment, the engrafted cells are human, and the one or 
more antibodies speci?cally recogniZe one or more human 
cell markers. Antibodies can be used to detect the markers by 
any art-accepted method, e.g., immunohistochemical meth 
ods. For example, determination of the presence of a cell 
surface marker can comprise sacri?ce of a non-human host 
animal, obtaining a desired tissue, ?xing and embedding the 
tissue in paraf?n or a similar matrix; thin sectioning the tissue, 
optionally folloWed by staining; and contacting the tissue 
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With one or more antibodies that recognize the marker. In the 
same manner, one may use antibodies that recognize markers 
expressed by cells into Which the engrafted stem cells can 
differentiate. For example, placental stem cells or cord blood 
derived stem cells differentiate into cells that express CD45 
and vimentin; thus, antibodies to CD45 and vimentin may be 
used to determine the number of engrafting, and differentiat 
ing, stem cells. Antibodies that recognize, e.g., human cell 
surface markers in preference to host cell markers, e.g., 
mouse cell surface markers, are Well-known in the art. 

[0078] In a non-limiting example of the in vivo method, a 
plurality of model animals, e.g., a plurality of mice of the 
species Mus musculus, are transplanted With human placental 
stem cells and, e. g., human nucleated cells isolated from cord 
blood, including hematopoietic stem cells, in a plurality of 
ratios. After several days to several Weeks (i.e., su?icient time 
to alloW engraftment), the host animals are sacri?ced, and 
tissues (e.g., spleen, lung, etc.) are examined to determine the 
approximate number of human cells that have engrafted, as 
evidenced by the number of cells staining for CD45 and/or 
vimentin. CD45 is a marker speci?c for leukocytes, including 
T- and B-lymphocytes, granulocytes, monocytes and mac 
rophages. Certain CD45 antibodies, such as clone T29/33 
(BioDesign, Saco, Me), do not cross-react With mouse anti 
gens. Vimentin is a marker for mesenchymal cells, such as 
?broblasts, smooth muscle cells, lipocytes, SchWann cells, 
vascular endothelial cells, and the like. Certain vimentin anti 
bodies, such as clone V9 (BioDesign, Saco, Me.), do not 
cross-react With mouse antigens. Staining With antibodies to 
these tWo markers, therefore, can establish generally the 
extent of engraftment of placental stem cells, and stem cells 
from a second source, in a variety of tissues. This example is 
not limiting; different antibodies may be used to determine 
the extent of engraftment of other cell types. In a long-term 
engraftment model, bone marroW cells isolated from a pri 
mary engrafted animal, e. g., a mouse, can be transplanted into 
a second engraftment model animal. Assays for secondary 
engraftment are as listed above and include methods Well 
knoWn to those of skill in the art. 

[0079] 5.2 Combined Stem Cell Populations 
[0080] The invention further provides combined stem cell 
compositions comprising placental stem cells, e. g., cells from 
placental perfusate, e.g., nucleated cells from placental per 
fusate, comprising placental stem cells and stem cells from a 
second source that, for a particular number of cells, results in 
a greater number of colony-forming units in a colony-forming 
unit assay, or enhanced engraftment in a transplant recipient, 
than the number of either placental stem cells or stem cells 
from a second source, alone. Combined stem cell populations 
identi?ed by the above methods represent engraftment-en 
hanced combinations of stem cells based on the characteris 
tics of the stem cell sources, that is, the number of engraftable 
cells contained in, e. g., a unit of placenta perfusate, a unit of 
cord blood, etc. 
[0081] Thus, in one embodiment, the invention encom 
passes a combined stem cell composition comprising a num 
ber of placental stem cells and stem cells from a second 
source in a ratio, Wherein the stem cells from the composition 
shoW improved engraftment compared to a number of either 
the placental stem cells or the stem cells from a second source, 
equivalent to the number of cells in said composition, alone. 
In a speci?c embodiment, the ratio is identi?ed by combining 
placental stem cells and stem cells from a second source in 
vitro in a plurality of ratios for a time and under conditions 
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suf?cient to alloW the formation of colony-forming units; and 
identifying a ratio in said plurality of ratios that yields the 
highest number of colony forming units. In a more speci?c 
embodiment, said stem or progenitor cells from a second 
source are cord blood stem or progenitor cells, bone marroW 
stem or progenitor cells, hematopoietic stem or progenitor 
cells, or mesenchymal stem or progenitor cells. In another 
more speci?c embodiment, said stem cells or progenitor cells 
from a second source are hematopoietic progenitor cells. In 
an even more speci?c embodiment, said hematopoietic stem 
cells are cord blood hematopoietic stem cells. In another even 
more speci?c embodiment, said hematopoietic cells are 
CD34+ cells. 

[0082] In another more speci?c embodiment, saidplacental 
stem cells comprise CD34+ cells, for example, CD34"CD38+ 
cells and/or CD34+CD38_ cells. In a speci?c embodiment, 
said CD34+CD38_ cells comprise CD34+CD38_lin_ stem 
cells. In another speci?c embodiment, said CD34+ placental 
stem cells comprise cells that are ALDH+, that is, CD34", 
ALDH+ placental stem cells. 

[0083] In another more speci?c embodiment, saidplacental 
stem cells are OCT-4+ or ABC-p". In another more speci?c 
embodiment, said placental stem cells comprise cells that are 
OCT4+ABC-p+. In another more speci?c embodiment, said 
placental stem cells comprise cells that are CD34+ and cells 
that are OCT4+ABC-p+. In another more speci?c embodi 
ment, said placental stem cells are contained Within placental 
perfusate substantially lacking red blood cells and cellular 
debris. In another more speci?c embodiment, said composi 
tion comprises placental stem cells isolated from placental 
perfusate. 
[0084] In another embodiment, placental stem cells com 
prise cells that express one or more of markers CD10, CD29, 
CD44, CD54, CD90, CD73 or CD105, and lack one or more 
of markers CD34, CD38, CD45, SSEA3 and SSEA4. In 
another embodiment, placental stem cells comprise cells that 
are positive for CD10, CD29, CD44, CD54, CD90, CD73 or 
CD105, and negative for CD34, CD38, CD45, SSEA3 and 
SSEA4. In another embodiment, placental stem cells com 
prise cells that comprise one or more of markers CD10, 
CD29, CD44, CD54, CD90, CD73 and CD105, and lack one 
or more of markers CD34, CD38, CD45, SSEA3 and SSEA4. 
In another embodiment, placental stem cells comprise cells 
that are positive for CD10, CD29, CD44, CD54, CD90, CD73 
and CD105, and negative for CD34, CD38, CD45, SSEA3 
and SSEA4. In another embodiment, said placental stem cells 
comprise CD34“ cells. In a speci?c embodiment, said pla 
cental stem cells are CD34'CD38' placental stem cells. In 
another embodiment, said placental stem cells comprise cells 
that are positive for at least one of CD10, CD29, CD33, 
CD44, CD73, CD105, CD117, and CD133, and negative for 
at least one of CD34 or CD45. In another embodiment, said 
placental stem cells comprise cells that are positive for CD10, 
CD29, CD33, CD44, CD73, CD105, CD117, and CD133, 
and negative for CD34 or CD45. In a more speci?c embodi 
ment, said placental stem cells comprise cells that are HLA 
ABC”. In a more speci?c embodiment, said placental stem 
cells comprise cells that are HLA-ABC‘. In a more speci?c 
embodiment, said placental stem cells comprise cells that are 
HLA-DR". In a more speci?c embodiment, said placental 
stem cells comprise cells that are HLA-DR'. In another spe 
ci?c embodiment, said placental stem cells comprise cells 
that are CD200+ or HLA-G". In another speci?c embodiment, 
the placental stem cells comprise cells that are CD200+ and 
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HLA-G". In another speci?c embodiment, the placental stem 
cells comprise cells that are CD73", CD105+ and CD200". In 
another speci?c embodiment, the placental stem cells com 
prise cells that are CD200+ and OCT-4+. In another speci?c 
embodiment, the placental stem cells comprise cells that are 
CD73", CD105+ and facilitate the formation of embryoid 
like bodies in a population of isolated placental cells com 
prising said stem cells, When saidpopulation is cultured under 
conditions that alloW the formation of embryoid-like bodies. 
In another speci?c embodiment, the placental stem cells com 
prise cells that are CD73", CD105+ and HLA-G". In another 
speci?c embodiment, the placental stem cells comprise cells 
that are OCT-4+ and facilitate the formation of embryoid-like 
bodies in a population of isolated placental cells comprising 
said stem cells, When said population is cultured under con 
ditions that alloW the formation of embryoid-like bodies. 
[0085] In another embodiment, said stem cells from a sec 
ond source are stem cells derived from cord blood. 

[0086] In the combined stem cell populations of the inven 
tion, the placental stem cells and the stem cells from a second 
source may be identically-HLA-matched, that is, they may be 
derived from the same individual. In another embodiment, the 
placental stem cells and the stem cells from a second source 
may be HLA-mismatched, that is, they may be derived from 
different individuals. For combined stem cell populations 
comprising cord blood or cord blood-derived stem cells, the 
combination may also comprise stem cells that are either 
HLA-matched, partially HLA-matched, or HLA-mis 
matched to an intended recipient. For combined stem cell 
populations comprising non-cord blood stem cells, it is pre 
ferred that at least the stem cells from a second source be 
HLA-matched or partially HLA-matched to the intended 
recipient. 
[0087] In various embodiments, the ratio of placental stem 
cells to stem cells from a second source can be about 100,000, 

000: 1, 50,000, 000:1, 20,000, 000:1, 10,000, 000: 1, 5,000, 
000: 1, 2,000, 000: 1, 1,000,000: 1, 500,000: 1, 200,000: 1, 100, 
000:1, 50, 000:1, 20, 000:1, 10, 000:1, 5, 000:1, 2, 000:1, 1, 
000:1, 500:1, 200:1, 100:1, 50:1,20:1, 10:1, 5:1,2:1, 1:1; 1:2; 
1:5; 1:10; 1:100; 1:200; 1:500; 1:1,000; 1:2,000; 1:5,000; 
1:10,000; 1:20,000; 1:50,000; 1:100,000; 1:500,000; 
1:1,000,000; 1:2,000,000; 1:5,000,000; 1:10,000,000; 1:20, 
000,000; 1:50,000,000; or about 1:100,000,000, comparing 
numbers of total nucleated cells in each population, or com 
paring total numbers of stem cells in each population. In a 
preferred embodiment, the ratio of placental stem cells to 
stem cells from a second source can be about 1:10 to about 
10:1. In other preferred embodiments, the ratio of placental 
stem cells to stem cells from a second source can be about 3:1 
to about 1:3. 

[0088] The combined stem cell populations of the invention 
can comprise a therapeutically-effective amount of placental 
stem cells, stem cells from a second source, or both. The 
combined stem cell populations of the invention, and phar 
maceutical compositions comprising a combined stem cell 
population, can comprise at least 1x104, 5x104, 1x105, 
5x105, 1x106, 5x106, 1x107, 5x108, 1x108, 5x109, 1x109, 
5x109, 1x10“), 5x10“), or 1><10ll placental stem cells, stem 
cells from a second source, or both, or no more than 1x104, 

5x104, 1x105, 5x105, 1x106, 5x106, 1x107, 5x107, 1x108, 
5x108, 1x109, 5x109, 1x10“), 5x10”, or 1><10ll placental 
stem cells, stem cells from a second source, or both. 

[0089] In other embodiments, said combined stem cell 
population improves engraftment in an individual in need of 
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stem cells at least, or at, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 
14, 15, 16, 17, 18, 19, 20 or 21 days post-transplant. In another 
more speci?c embodiment, said combined stem cell popula 
tion improves engraftment in an individual in need of stem 
cells at least, or at, more than 21 days post-transplant. In 
speci?c embodiments, said combined stem cell population 
improves engraftment in an individual in need of stem cells at 
least, or at, more than 25, 30, 35, 40, 45, 50, 55 Weeks, or 1 
year or longer post-transplant. 
[0090] The combined stem cell populations of the invention 
can be preserved, for example, cryopreserved for later use. 
Methods for cryopreservation of cells, such as stem cells, are 
Well knoWn in the art, for example, cryopreservation using the 
methods ofBoyse et al. (US. Pat. No. 5,192,553, issued Mar. 
9, 1993) or Hu et al. (WO 00/73421, published Dec. 7, 2000). 
Placenta-derived stem cells, and stem cells from a second 
source, Which make up a combined stem cell population, can 
be combined prior to cryopreservation, or can be cryopre 
served separately, and combined in the appropriate ratio upon 
thaWing, e. g., Within hours of use. 

[0091] The combined stem cell populations of the invention 
can be prepared in a form that is easily administrable to an 
individual. For example, a combined stem cell population can 
be contained Within a container suitable for medical use. Such 
a container can be, for example, a sterile plastic bag, ?ask, jar, 
or other container from Which the combined stem cell popu 
lation can be easily dispensed. Preferably, the container is a 
container that alloWs, or facilitates, intravenous administra 
tion of a combined stem cell population. The container, e. g., 
bag, can hold the placenta-derived stem cells and stem cells 
from a second source together, e.g., as a mixed cell popula 
tion, or can hold the tWo stem cell populations separately. In 
the latter embodiment, the bag preferably comprises multiple 
lumens or compartments that are interconnected to alloW 
mixing of the placenta-derived stem cells and stem cells from 
a second source prior to, or during, administration. The con 
tainer is preferably one that alloWs for cryopreservation of the 
combined stem cell population. The combined stem cell 
population in said container can comprise placenta-derived 
stem cells, stem cells from a second source, or both, that have 
been passaged at least, or at most, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 
11, 12, 13, 14, 15, 16, 17, 18, 19, 20 times, or 25, 30, 35, 40 or 
moretimes. 

[0092] The invention also provides for combined stem cell 
populations that comprise, e.g., that are stored or maintained 
as, separate stem cell populations, e.g., a population of pla 
centa-derived stem cells and a population of stem cells from 
a second source, in combination With information on com 
bining the tWo populations in an appropriate ratio prior to use, 
e.g., prior to administration to an individual in need of stem 
cells. In this embodiment, a combined stem cell population 
Would comprise a population of placenta-derived stem cells 
in a ?rst container, a population of stem cells from a second 
source in a second container, and instructions for combining 
the tWo populations either before or during administration to 
an individual in need of stem cells. 

[0093] Thus, in one embodiment, the invention provides a 
composition comprising a combined stem cell population in a 
container, Wherein said combined stem cell population com 
prises placenta-derived stem cells and stem cells from a sec 
ond source. In a speci?c embodiment, the container is a bag, 
?ask, or jar. In a more speci?c embodiment, said placenta 
derived stem cells and said stem cells from a second source 
are contained together in said bag. In another more speci?c 
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embodiment, said placenta-derived stem cells and said stem 
cells from a second source are contained separately Within 
said bag. In another speci?c embodiment, the composition 
comprises one or more compounds that facilitate cryopreser 
vation of the combined stem cell population. In another spe 
ci?c embodiment, said combined stem cell population is con 
tained Within a physiologically-acceptable aqueous solution. 
In a more speci?c embodiment, said physiologically-accept 
able aqueous solution is a 0.9% NaCl solution. In another 
more speci?c embodiment, said bag is a sterile plastic bag. In 
a more speci?c embodiment, said bag alloWs or facilitates 
intravenous administration of said combined stem cell popu 
lation. In another speci?c embodiment, said combined stem 
cell population comprises placental cells that are HLA 
matched to said stem cells from a second source. In another 
speci?c embodiment, said combined stem cell population 
comprises placental cells that are at least partially HLA 
mismatched to said stem cells from a second source. In 

another speci?c embodiment, said placenta-derived stem 
cells are derived from a plurality of donors. In another speci?c 
embodiment, said stem cells from a second source are derived 
from a plurality of donors. 
[0094] Combined stem cell populations can be cultured for 
a period of time prior to administration to an individual. For 
example, in one embodiment, the stem cells in a combined 
stem cell population can be cultured in medium comprising 
Notch agonist, e.g., a deletion form of a Notch protein con 
sisting essentially of the intracellular domain of the Notch 
protein, or a Delta protein. See US. 2004/0067583 
[0095] 5.3 Pharmaceutical Compositions 
[0096] The present invention encompasses pharmaceutical 
compositions that comprise combined stem cell populations 
of the invention, and a pharmaceutically-acceptable carrier. 
[0097] In accordance With this embodiment, the combined 
stem cell populations of the invention may be formulated as 
an injectable (e.g., WO 96/39101, incorporated herein by 
reference in its entirety). In another embodiment, the com 
bined stem cell populations of the present invention may be 
formulated using polymeriZable or cross linking hydrogels as 
described, e.g., inU.S. Pat. Nos. 5,709,854; 5,516,532; 5,654, 
381. 

[0098] In another embodiment, the invention provides for 
the maintenance of each stem cell population of the combined 
stem cell populations, prior to administration to an individual, 
as separate pharmaceutical compositions to be administered 
sequentially or jointly to create the combined stem cell popu 
lation in vivo. Each component may be stored and/ or used in 
a separate container, e.g., one bag (e.g., blood storage bag 
from Baxter, Becton-Dickinson, Medcep, National Hospital 
Products, Terumo, etc.) or separate syringe, Which contains a 
single type of cell or cell population. In a speci?c embodi 
ment, cord blood, or cord blood-derived nucleated or stem 
cells, are contained in one bag, and placental perfusate, or 
placental stem cells from placental perfusate, are contained in 
a second bag. 
[0099] A population of placental stem cells can be 
enriched. In a speci?c embodiment, a population of cells 
comprising placental stem cells is enriched by removal of red 
blood cells and/ or granulocytes according to standard meth 
ods, so that the remaining population of nucleated cells is 
enriched for placental stem cells relative to other cell types in 
placental perfusate. Such an enriched population of placental 
stem cells may be used unfroZen, or may be froZen for later 
use. If the population of cells is to be froZen, a standard 
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cryopreservative (e.g., DMSO, glycerol, EPILIFETM Cell 
Freezing Medium (Cascade Biologics)) is added to the 
enriched population of cells before it is froZen. 
[0100] The pharmaceutical compositions of the invention 
may comprise one or more agents that induce cell differen 
tiation. In certain embodiments, an agent that induces differ 
entiation includes, but is not limited to, Ca“, EGF, ot-FGF, 
[3-FGF, PDGF, keratinocyte groWth factor (KGF), TGF-B, 
cytokines (e.g., IL-lot, IL-1 [3, IFN-y, TFN), retinoic acid, 
transferrin, hormones (e.g., androgen, estrogen, insulin, pro 
lactin, triiodothyroxine, hydrocortisone, dexamethasone), 
sodium butyrate, TPA, DMSO, NMF, DMF, matrix elements 
(e.g., collagen, laminin, heparan sulfate, MATRIGELTM), or 
combinations thereof. 
[0101] In another embodiment, the pharmaceutical compo 
sition of the invention may comprise one or more agents that 
suppress cellular differentiation. In certain embodiments, an 
agent that suppresses differentiation includes, but is not lim 
ited to, human Delta-1 and human Serrate-l polypeptides 
(see. Sakano et al., US. Pat. No. 6,337,387), leukemia inhibi 
tory factor (LIF), stem cell factor, or combinations thereof. 
[0102] The pharmaceutical compositions of the present 
invention may be treated prior to administration to an indi 
vidual With a compound that modulates the activity of TNF 
0t. Such compounds are disclosed in detail in, e.g., U.S. Appli 
cation Publication No. 2003/0235909, Which disclosure is 
incorporated herein in its entirety. Preferred compounds are 
referred to as IMiDs (immunomodulatory compounds) and 
SelCIDs (Selective Cytokine Inhibitory Drugs), and particu 
larly preferred compounds are available under the trade 
names ACTIMIDTM, REVIMIDTM and REVLIMIDTM. 
[0103] 5.4 Methods of Transplanting Stem Cells 
[0104] 5.4.1 Transplantation Methods 
[0105] The above method of identifying combined stem 
cell populations (see Section 5.1) may be performed on paired 
units of, for example, placental perfusate or placental stem 
cells, and stem cells from a second source, e.g., cord blood, 
cord blood stem cells, and the like, to produce combined stem 
cell populations for the treatment of an individual in need of 
stem cells. In one embodiment, the individual is contacted 
With one or more combined stem cell populations. In a spe 

ci?c embodiment, said contacting is the introduction, e.g., 
transplantation, of said combined stem cell population into 
said individual. Thus, the method of producing combined 
stem cell populations may be performed as a ?rst step in a 
procedure for introducing stem cells into any individual need 
ing stem cells. Such a procedure can comprise use of phar 
maceutical compositions comprising the combined stem cell 
populations, as described above. 
[0106] In a speci?c embodiment, a population of placental 
stem cells of the invention is combined With a population of 
stem cells from a second source prior to administration to an 
individual in need thereof in a ratio that provides improved or 
enhanced engraftment over a number of said placental stem 
cells or said stem cells from a second source, equivalent to 
said total number of cells, alone. In another speci?c embodi 
ment, a population of placental stem cells of the invention is 
combined With a population of stem cells from a second 
source during, or simultaneously With, administration to a 
patient in need thereof, in an optimum ratio, Wherein said 
ratio is identi?ed by identifying a ratio of placental stem cells 
to stem cells from a second source, in a plurality of ratios, that 
yields the highest number of said colony-forming units When 
said placental stem cells and stem cells from a second source 



US 2008/0175824 A1 

are cultured for a time and under conditions suf?cient to allow 
the formation of colony-forming units. In another speci?c 
embodiment, a population of placental stem cells of the 
invention and a population of umbilical cord blood cells are 
administered sequentially to a patient in need thereof to a ?nal 
optimum ratio. In one embodiment, the population of placen 
tal stem cells is administered ?rst and the population of stem 
cells from a second source is administered second. In another 
embodiment, the population of stem cells from a second 
source is administered ?rst and the population of placental 
stem cells is administered second. 

[0107] In a speci?c embodiment, said combined stem cell 
population is contained Within one bag or container. In 
another embodiment, the invention provides for use in trans 
plantation of a population of placental stem cells, and stem 
cells from a second source, that are contained Within separate 
bags or containers. In certain embodiments, stem cell popu 
lations contained in tWo bags may be mixed prior, in particu 
lar immediately prior, to or at the time of administration to a 
patient in need thereof. In other embodiments, the contents of 
each bag may be administered separately to a patient, Wherein 
tWo cell populations are used adjunctively in vivo. 
[0108] Combined populations of placental stem cells, and 
stem cells from a second source, e.g., cord blood-derived 
stem or progenitor cells, or cord blood, including banked or 
cryopreserved cord blood may be mixed, prior to transplan 
tation, by any medically-acceptable means. In one embodi 
ment, the tWo populations are physically mixed. In another 
embodiment of the method, said placental stem cells and stem 
cells from a second source are mixed immediately prior to 
(i.e., Within 1, 2, 3, 4, 5, 7, 10 minutes of) administration to 
said individual. In another embodiment, said placental stem 
cells and stem cells from a second source are mixed at a point 
in time more than ?ve minutes prior to administration to said 
individual. In another embodiment of the method, the placen 
tal stem cells, and/or stem cells from a second source, are 
cryopreserved and thaWed prior to administration to said indi 
vidual. In another embodiment, said placental stem cells and 
stem cells from a second source are mixed to form a combined 

stem cell population at a point in time more than 1, 2, 3, 4, 5, 
6, 7, 8, 9, 10, ll, l2, l3, l4, l5, l6, l7, l8, 19, 20, 21, 22, 23, 
or 24 hours prior to administration to said individual, Wherein 
either or both of said placental stem cells and stem cells from 
a second source have been cryopreserved and thaWed prior to 
said administration. 
[0109] In another embodiment, the combined stem cell 
populations may be administered more than once. 

[0110] In another embodiment, the stem cells contained 
Within the combined stem cell population are preconditioned 
prior to transplantation. In a preferred embodiment, precon 
ditioning comprises storing the cells in a gas-permeable con 
tainer generally for a period of time at about —5° C. to about 
23° C., about 0° C. to about 10° C., or preferably about 40 C. 
to about 5° C. The cells may be stored between 18 hours and 
21 days, betWeen 48 hours and 10 days, preferably betWeen 
3-5 days. The cells may be cryopreserved prior to precondi 
tioning or, may be preconditioned immediately prior to 
administration. 

[0111] Once an appropriate ratio of placental stem cells to 
stem cells from a second source is established, either or both 
of the placental stem cells, or stem cells from a second source, 
may be differentiated prior to introduction to an individual in 
need of stem cells. For example, for introduction for the 
purpose of hematopoietic engraftment, the stem cells may be 
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differentiated to cells in the hematopoietic lineage. The com 
bination of stem cells and differentiated cells, or combination 
of cells differentiated from both sources of stem cells, is 
encompassed Within the term “combined stem cell popula 
tion.” Thus, the invention provides a method of introducing 
stem cells into an individual comprising determining a ratio 
of placental stem cells and stem cells from a second source in 
a total number of cells, Wherein the ratio improves engraft 
ment as compared to introduction of a number of placental 
stem cells or stem cells from a second source, equivalent to 
saidtotal number of cells, alone; differentiating one orboth of 
said placental stem cells or stem cells from a second source 
into cells of another cell type; and introducing said stem cells 
and/ or differentiated cells to an individual. In certain embodi 

ments of the invention, the method of transplantation of com 
bined stem cell populations comprises (a) induction of differ 
entiation of placental stem cells, (b) mixing the placental stem 
cells With a population of stem cells from a second source, 
e.g., cord blood stem cells, to form a combined cell popula 
tion, and (c) administration of the combined cell population to 
an individual in need thereof. In another embodiment the 
method of transplantation comprises (a) induction of differ 
entiation of stem cells from a second source; (b) mixing the 
differentiated cells With placental stem cells to form a com 
bined cell population; and (c) administration of the combined 
cell population to an individual in need thereof. In another 
embodiment of the invention, the method of transplantation 
of combined stem cell populations comprises (a) mixing pla 
cental stem cells With a population of cord blood cells; (b) 
induction of differentiation of the mixture of the cord blood 
cells and placental stem cells and (c) administration of the 
mixture to a patient in need thereof. 

[0112] The combined stem cell populations of the invention 
may be transplanted into a patient in any pharmaceutically or 
medically acceptable manner, including by injection, e.g., 
intravenous injection, intramuscular injection, intraperito 
neal injection, intraocular injection, direct injection into a 
particular tissue, transfusion, etc. For example, combined 
stem cell populations, e.g., placental stem cells in combina 
tion With cord blood-derived stem cells) may be transplanted 
by intravenous infusion. In another embodiment, a combined 
stem cell population comprising placental stem cells and 
cardiac stem cells, in suspension, may be injected directly 
into cardiac tissue, e.g., an ischemic area in a heart. The 
combined stem cell populations may comprise, or be sus 
pended in, any pharmaceutically-acceptable carrier. The 
combined stem cell populations may be carried, stored, or 
transported in any pharmaceutically or medically acceptable 
container, for example, a blood bag, transfer bag, plastic tube 
or vial. 

[0113] After transplantation, engraftment in a human 
recipient may be assessed using, e.g., nucleic acid or protein 
detection or analytical methods. For example, the polymerase 
chain reaction (PCR), STR, SSCP, RFLP analysis, AFLP 
analysis, and the like, may be used to identify engrafted 
cell-speci?c nucleotide sequences in a tissue sample from the 
recipient. Such nucleic acid detection and analysis methods 
are Well-knoWn in the art. In one embodiment, engraftment 
may be determined by the appearance of engrafted cell-spe 
ci?c nucleic acids in a tissue sample from a recipient, Which 
are distinguishable from background. The tissue sample ana 
lyZed may be, for example, a biopsy (e.g., bone marroW 
aspirate) or a blood sample. 
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[0114] In one embodiment, a sample of peripheral blood is 
taken from a patient immediately prior to a medical proce 
dure, e.g., myeloablation. After the procedure, a combined 
stem cell population of the invention is administered to the 
patient. At least once post-administration, a second sample of 
peripheral blood is taken. An STR pro?le is obtained for both 
samples, e.g., using PCR primers for markers (alleles) avail 
able from, e.g., LabCorp (Laboratory Corporation of 
America). A difference in the number or characteristics of the 
markers (alleles) post-administration indicates that engraft 
ment has taken place. 

[0115] Engraftment can also be demonstrated by detection 
of re-emergence of neutrophils. 
[0116] In another example, engrafted cell-speci?c markers 
may be detected in a tissue sample from the recipient using 
antibodies directed to markers speci?c to either the trans 
planted stem cells, or cells into Which the transplanted stem 
cells Would be expected to differentiate. In one embodiment, 
engraftment of a combination of placental stem cells and cord 
blood-derived stem cells may be assessed by FACS analysis 
to determine the presence of CD45", CD19", CD33", CD7+ 
and/or CD3+ cells by adding the appropriate antibody and 
alloWing binding; Washing (e.g., With PBS); ?xing the cells 
(e. g., With 1% paraformaldehyde); and analyZing on an 
appropriate FACS apparatus (e. g., a FACSCalibur ?oW 
cytometer (Becton Dickinson)). In another embodiment, 
engraftment of a combination of placental stem cells and cord 
blood-derived stem cells may be assessed by FACS analysis 
to determine the presence of CD200+ or HLA-G+ cells. 
Where placental stem cells and/or stem cells from a second 
source are from an individual of a different sex than a recipi 

ent, e. g., male donor and female recipient, engraftment can be 
determined by detection of sex-speci?c markers, e. g.,Y-chro 
mosome-speci?c markers. Placental stem cells and/or stem 
cells from a second source may also be genetically modi?ed 
to express a unique marker or nucleic acid sequence that 
facilitates identi?cation, e.g., an RFLP marker, expression of 
[3-galactosidase or green ?uorescent protein, or the like. 

[0117] The degree of engraftment may be assessed by any 
means knoWn in the art. In one embodiment, the degree of 
engraftment is assessed by a grading system as folloWs, 
Which uses a thin section of ?xed and antibody-bound tissue 
from the transplant recipient. In this example grading system, 
engraftment is graded as folloWs: 0:no positive cells (that is, 
no cells bound by an antibody speci?c to an engrafted cell); 
0.5:one or tWo positive cells, perhaps positive, but dif?cult to 
differentiate from background or non-speci?c staining; 1:2 
20 scattered positive cells; 2:approximately 20-100 scattered 
or clustered positive cells throughout the tissue; 3:more than 
100 positive cells comprising less than 50% of the tissue; 
4:more than 50% of cells are positive. In speci?c embodi 
ments, engraftment is determined Where greater than 0.5%, 
1%, 2%, 3%, 4%, 5%, 7.5%, 10%, 15%, 20% or greater ofthe 
cells are positively stained. 

[01 18] In another embodiment, the degree of engraftment is 
determined by analysis of the gain of one or more biological 
functions carried out by the engrafted cells. For example, 
Where a recipient, Who has undergone myeloablative therapy, 
receives a transplant of a combined stem cell population 
comprising placental stem cells and cord blood-derived stem 
cells, the degree of engraftment may be determined by the 
degree to Which normal hematopoiesis, blood cell popula 
tions and blood function return to normal. 
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[0119] Where the combined stem cell population in Whole 
or in part is HLA-mismatched to an intended recipient, it may 
be necessary to treat the recipient to reduce immunological 
rejection of the donor cells. Methods for reducing immuno 
logical rejection are disclosed in, e.g., U.S. Pat. Nos. 5,800, 
539 and 5,806,529, both of Which are incorporated herein by 
reference. 
[0120] 5.4.2 Dosages 
[0121] Typically, a patient receiving a stem cell infusion, 
for example for a bone marroW transplantation, receives one 
unit of nucleated cells, Where a unit is approximately 1><109 
nucleated cells (corresponding to 1-2><106 CD34+ stem cells). 
Transplantation of a combined stem cell population into an 
individual comprises, in various embodiments, transplanta 
tion of at least one hundred thousand, 1 million, 10 million, 
100-200 million, 1 billion, 3 billion, 5 billion, 10 billion, 15 
billion, 20 billion, 30 billion, 40 billion, 50 billion or more, or, 
alternatively, 3, 5, 10, 20, 30, 40, or 50 units or more, of total 
nucleated cells, from both the placental stem cell population 
and the stem cell population from a second source. Transplan 
tation of a combined stem cell population into an individual 
comprises, in other embodiments, transplantation of at least 
10-20 million, 100 million, 300 million, 500 million, 1 bil 
lion, 1.5 billion, 2 billion, 3 billion, 4 billion, 5 billion, 6 
billion, 7 billion, 8 billion, 9 billion, 10 billion or more stem 
cells. In another embodiment, the number of nucleated cells 
administered to an individual is at least ?ve times the number 
of cells normally administered in a bone marroW replace 
ment. In another speci?c embodiment of the method, the 
number of nucleated cells administered to an individual is at 
least ten times the number of cells normally administered in a 
bone marroW replacement. In another speci?c embodiment, 
the number of nucleated cells administered to an individual is 
at least ?fteen times the number of cells normally adminis 
tered in a bone marroW replacement. In another embodiment 
of the method, the total number of nucleated cells, Which 
includes stem cells, administered to an individual is betWeen 
1-1000><108 per kilogram ofbody Weight. 
[0122] 5.5 Methods of Treatment Using Combined Stem 
Cell Populations 
[0123] The combined stem cell populations of the invention 
can be used to treat an individual in need of engraftable stem 
cells. Such an individual, for example, may require a trans 
plantation of stem cells to effect hematopoietic reconstitu 
tion. In various other embodiments, the combined stem cell 
populations may be used to treat an individual having a blood 
cancer, a lysosomal storage disease, an in?ammatory disor 
der, or an autoimmune disorder. In other embodiments, the 
combined stem cell populations may be used to facilitate 
organ regeneration or repair, or may be used as a transgene 
carrier. 

[0124] Thus, in one embodiment, the invention provides a 
method of treating an individual, comprising contacting (e. g., 
administering to) an individual With a combined stem cell 
population of the invention. In another embodiment, the 
invention provides a method of treating an individual com 
prising identifying a combined stem cell population, and 
contacting said individual With said combined stem cell popu 
lation. In a speci?c embodiment, the combined stem cell 
populations comprise placental stem cells and stem cells from 
a second source in a ration, in a total number of cells, that 
improves or enhances engraftment compared to a number of 
placental stem cells or stem cells from a second source, 
equivalent to said total number of cells, alone. In another 
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embodiment, the invention provides a method of treating an 
individual, comprising introducing to said individual a com 
position comprising placental stem cells and stem cells from 
a second source in a ratio, Wherein said ratio is selected by 
identifying a ratio in a plurality of ratios of numbers of pla 
cental stem cells to stem cells from a second source that, When 
cultured in vitro for a time and under conditions su?icient to 
alloW the formation of colony-forming units, produces the 
greatest number of colony forming units, the numbers of cells 
in the colony-forming unit being equivalent in each condition, 
Wherein said individual has a disease, disorder or condition 
treatable With stem cells. In a speci?c embodiment, said stem 
cells from a second source are umbilical cord blood or pla 
cental blood stem cells. In another speci?c embodiment, said 
stem cells from a second source are hematopoietic stem cells. 
In another speci?c embodiment, said stem cells from a second 
source are bone marroW-derived stem cells. In another spe 
ci?c embodiment, said treating is prophylactic. In another 
speci?c embodiment, said treating is therapeutic. In various 
embodiments, said disease, disorder or condition is one of the 
diseases, disorders or conditions listed beloW. The list of 
diseases, disorders, and conditions provided herein is not 
intended to be limiting. 
[0125] One use of combined stem cell populations, particu 
larly stem cell populations comprising placental stem cells 
and umbilical cord blood, or umbilical cord blood-derived 
stem cells, is hematopoietic reconstitution in, e.g., patients 
Who have undergone partial or complete myeloablative 
therapy as part of an anticancer regimen. Typically bone 
marroW stem cells are transplanted to effect hematopoietic 
reconstitution, at a dosage of approximately l><l08 to 2><l08 
bone marroW mononuclear cells per kilogram of patient 
Weight must be infused for engraftment in a bone marroW 
transplantation, or about l-8><l06 CD34+ stem cells (i.e., 
about 70 ml of marroW for a 70 kg donor). Hematopoietic 
reconstitution may be accomplished by introduction to an 
individual of an equivalent number of total nucleated cells in 
a combined stem cell population comprising, e.g., placental 
stem cells and stem cells from a second source, e. g, placental 
blood or cord blood. 

[0126] Placental stem cells and stem cells from a second 
source can be fully or partially immunologically matched to a 
recipient, or canbe from a completely unrelated individual. In 
one embodiment, individuals receiving a combined stem cell 
population receive 235x107 total nucleated cells (TNC), 
e.g., from umbilical cord blood, per kg body Weight for 5/6 
HLA matched cells, or 250x107 total nucleated cells (TNC)/ 
kg body Weight for 4/6 HLA matched cells. Infusion of TNC, 
e.g., from UCB, is folloWed, e.g., immediately, by an infusion 
of about 5 to about 30><l06 TNC from placental perfusate per 
kg body Weight. An individual can receive a single of such 
doses, or multiple such doses. 
[0127] In one embodiment, therefore, combined stem cell 
populations comprising hematopoietic stem cells can be used 
to treat patients having a blood cancer, such as a lymphoma, 
leukemia (such as chronic or acute myelogenous leukemia, 
acute lymphocytic leukemia, Hodgkin’s disease, etc.), 
myelodysplasia, myelodysplastic syndrome, and the like. 
[0128] In another embodiment, the disease, disorder or 
condition is chronic granulomatous disease. 
[0129] Because hematopoietic reconstitution can be used 
in the treatment of anemias, the present invention further 
encompasses the treatment of an individual With a stem cell 
combination of the invention, Wherein the individual has an 
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anemia or disorder of the blood hemoglobin. The anemia or 
disorder may be natural (e.g., caused by genetics or disease), 
or may be arti?cially-induced (e.g., by accidental or deliber 
ate poisoning, chemotherapy, and the like). In another 
embodiment, the disease or disorder is a marroW failure syn 
drome (e. g., aplastic anemia, Kostmann syndrome, Diamond 
Blackfan anemia, amegakaryocytic thrombocytopenia, and 
the like), a bone marroW disorder or a hematopoietic disease 
or disorder. 

[0130] In another embodiment, the combined stem cell 
populations of the invention can be introduced into a dam 
aged organ for organ neogenesis and repair of injury in vivo. 
Such injury may be due to conditions and disorders including, 
but not limited to, myocardial infarction, seiZure disorder, 
multiple sclerosis, stroke, hypotension, cardiac arrest, 
ischemia, in?ammation, age-related loss of cognitive func 
tion, cerebral palsy, neurodegenerative disease, AlZheimer’s 
disease, Parkinson’s disease, Leigh disease, AIDS dementia, 
memory loss, amyotrophic lateral sclerosis, ischemic renal 
disease, brain or spinal cord trauma, heart-lung bypass, glau 
coma, retinal ischemia, or retinal trauma. 

[0131] In other embodiments, the disease, disorder or con 
dition treatable using the combined stem cell populations 
include, but are not limited to lysosomal storage diseases, 
such as Tay-Sachs, Niemann-Pick, Fabry’s, Gaucher’s dis 
ease (e.g., glucocerebrosidase de?ciency), Hunter’s, and 
Hurler’s syndromes, Maroteaux-Lamy syndrome, fucosido 
sis (fucosidase de?ciency), Batten disease (CLN3), as Well as 
other gangliosidoses, mucopolysaccharidoses, and glyco 
genoses. 
[0132] The combined stem cell populations can also be 
used to treat severe combined immunode?ciency disease, 
including, but not limited to, combined immunode?ciency 
disease (e.g., Wiskott-Aldrich syndrome, severe DiGeorge 
syndrome, and the like). 
[0133] In other embodiments, combined stem cell popula 
tions may be used as autologous or heterologous transgene 
carriers in gene therapy to correct, for example, inborn errors 
of metabolism, adrenoleukodystrophy (e.g., co-A ligase de? 
ciency), metachromatic leukodystrophy (arylsulfatase A de? 
ciency) (e.g., symptomatic, or presymptomatic late infantile 
or juvenile forms), globoid cell leukodystrophy (Krabbe’s 
disease; galactocerebrosidase de?ciency), acid lipase de? 
ciency (Wolman disease), cystic ?brosis, glycogen storage 
disease, hypothyroidism, sickle cell anemia, thalassemia 
(e.g., beta thalassemia), Pearson syndrome, Pompe’s disease, 
phenylketonuria (PKU), porphyrias, maple syrup urine dis 
ease, homocystinuria, mucoplysaccharidosis, chronic granu 
lomatous disease and tyrosinemia and Tay-Sachs disease or to 
treat solid tumors or other pathological conditions. 

[0134] In other embodiments, the disease, disorder or con 
dition is a disease, disorder or condition requiring replace 
ment or repair of one or more tissues. For example, the com 
bined stem cell populations of the invention can be used in 
therapeutic transplantation protocols, e.g., to augment or 
replace stem or progenitor cells of the liver, pancreas, kidney, 
lung, nervous system, muscular system, bone, bone marroW, 
thymus, spleen, mucosal tissue, gonads, or hair. The com 
bined stem cell populations of the invention can also be used 
for augmentation, repair or replacement of, e.g., cartilage, 
tendon, or ligaments. For example, in certain embodiments, 
prostheses (e.g., hip prostheses) are coated With replacement 
cartilage tissue constructs groWn from combined stem cell 
populations of the invention. In other embodiments, joints 
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(e. g., knee) are reconstructed With cartilage tissue constructs 
grown from combined stem cell populations. Cartilage tissue 
constructs can also be employed in major reconstructive sur 
gery for different types of joints (for protocols, see e.g., 
Resnick, D., and NiWayama, G., eds., 1988, DIAGNOSIS OF 
BONE AND JOINT DISORDERS, 2D ED., W.B. Saunders Co.). The 
combined stem cell populations of the invention can be used 
to repair damage of tissues and organs resulting from trauma, 
metabolic disorders, or disease. In one embodiment, a patient 
can be administered a combined stem cell population to 
regenerate or restore tissues or organs Which have been dam 
aged as a consequence of disease, e.g., to repair heart tissue 
folloWing myocardial infarction. 
[0135] In another embodiment, the combined stem cell 
populations of the invention may be used to treat an individual 
Who has received a lethal or sub-lethal dose of radiation. Such 
radiation may be accidentally received, for example in a 
nuclear incident, Whether Work- or aggression-related, or 
therapeutic, for example, as part of a medical procedure. The 
particular type of radiation (e.g., alpha, beta, gamma) is not 
critical. The combined stem cell populations of the invention 
may be used to ameliorate one or more symptoms of radiation 
sickness, for example, nausea, loss of appetite, lethargy, dys 
pnea, decreased White blood cell count, chronic anemia, 
fatigue, Weakness, paleness, di?iculty breathing, feelings of 
malaise, and the like, Whether such symptoms are indicative 
of recoverable or fatal radiation sickness. In another embodi 
ment, the individual has one or more symptoms associated 
With acute radiation syndrome (ARS). The combined stem 
cell populations of the invention may also be used to partially 
or fully reconstitute the hematopoietic system of an indi 
vidual that has received a lethal or sub-lethal dose of radia 
tion, such that the individual becomes partially or fully chi 
meric. Such chimeri sm may be temporary or permanent (e. g., 
may persist for 1, 2, 3 Weeks, or 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11 
months or longer). In a preferred embodiment, a combined 
stem cell population of the invention is provided to the indi 
vidual Within the ?rst 24 hours after exposure. The individual 
may be administered a combined stem cell population Within 
the ?rst hour, 2 hours, 3 hours, 4 hours, 5 hours, 6 hours, 9 
hours, 12 hours, 15 hours, 18 hours, or 21 hours after expo 
sure to radiation. A combined stem cell population of the 
invention may also be administered Within 2 days, 3 days, 4 
days, 5 days, 6 days, one Week, 2 Weeks, 3 Weeks, 4 Weeks or 
5 Weeks after exposure to radiation. 

[0136] The combined stem cell populations are expected to 
have an anti-in?ammatory effect When administered to an 
individual experiencing in?ammation. In a preferred embodi 
ment, the combined stem cell populations of the invention 
may be used to treat any disease, condition or disorder result 
ing from, or associated With, in?ammation. The in?ammation 
may be present in any organ or tissue, for example, muscle; 
nervous system, including the brain, spinal cord and periph 
eral nervous system; vascular tissues, including cardiac tis 
sue; pancreas; intestine or other organs of the digestive tract; 
lung; kidney; liver; reproductive organs; endothelial tissue, or 
endodermal tissue. 

[0137] The combined stem cell populations may also be 
used to treat autoimmune or immune system-related disor 
ders, including those associated With in?ammation. Thus, in 
certain embodiments, the invention provides a method of 
treating an individual having an autoimmune disease or con 
dition, comprising administering to such individual a thera 
peutically effective amount of the cells or supplemented cell 
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populations of the invention, Wherein said disease or disorder 
can be, but is not limited to, diabetes, amyotrophic lateral 
sclerosis, myasthenia gravis, diabetic neuropathy or lupus. In 
related embodiments, the combined stem cell populations of 
the invention may be used to treat immune-related disorders, 
such as chronic or acute allergies. 

[0138] Combined stem cell populations may also be admin 
istered to a nominally healthy individual to increase the indi 
vidual’s overall health and Well-being. 
[0139] Therapeutic or prophylactic treatment of an indi 
vidual With combined stem cell populations may be consid 
ered effective if the disease, disorder or condition is measur 
ably improved in any Way. Such improvement may be shoWn 
by a number of indicators. Measurable indicators include, for 
example, detectable changes in a physiological condition or 
set of physiological conditions associated With a particular 
disease, disorder or condition (including, but not limited to, 
blood pressure, heart rate, respiratory rate, counts of various 
blood cell types, levels in the blood of certain proteins, car 
bohydrates, lipids or cytokines or modulation expression of 
genetic markers associated With the disease, disorder or con 
dition). Treatment of an individual With the stem cells or 
supplemented cell populations of the invention Would be 
considered effective if any one of such indicators responds to 
such treatment by changing to a value that is Within, or closer 
to, the normal value. The normal value may be established by 
normal ranges that are knoWn in the art for various indicators, 
or by comparison to such values in a control. Introduction of 
a combined stem cell population of the invention for the 
purposes of engraftment, e.g., hematopoietic engraftment, 
Would be considered successful if the individual to Whom the 
combined stem cell population is introduced exhibits any 
indications of engraftment (e.g., markers of engrafted cells 
appearing inbiopsy or tissue samples, or blood sample; detec 
tion of one or more biochemical functions performed by the 
engrafted cells, etc.). In medical science, the e?icacy of a 
treatment is also often characterized in terms of an individu 
al’s impressions and subjective feeling of the individual’s 
state of health. Improvement therefore may also be charac 
teriZed by subjective indicators, such as the individual’s sub 
jective feeling of improvement, increased Well-being, 
increased state of health, improved level of energy, or the like, 
after administration of the stem cells or supplemented cell 
populations of the invention. 
[0140] 5.6 Stem Cell Bank 
[0141] The methods described above, particularly the in 
vitro method (see Section 5.1.1) may be performed on indi 
vidual units of, for example, placental perfusate, placental 
stem cells, cord blood, cord blood stem cells, and the like, to 
produce combined stem cell populations for the treatment of 
an individual in need of stem cells. As such, the assay may be 
used as part of a method of stem cell banking or blood bank 
ing, including a cord blood banking, Wherein providing stem 
cells is at least a part of said banking. The assay may be 
performed on each of a plurality of units of placental stem 
cells, and stem cells from a second source, used or provided 
by a blood bank, stem cell registry, or similar operation. 
[0142] For example, in one embodiment, the invention pro 
vides a method of stem cell banking comprising providing a 
plurality of units of combined stem cell populations compris 
ing a number of placental stem cells and stem cells from a 
second source, Wherein said combined stem cell populations 
exhibit improved or enhanced engraftment compared to a 
number of said placental stem cells or of said stem cells from 






















