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(57) ABSTRACT 

The present invention provides a method of extracting and 
recovering embryonic-like stem cells, including, but not 
limited to pluripotent or multipotent stem cells, from an 
eXsanguinated human placenta. A placenta is treated to 
remove residual umbilical cord blood by perfusing an eXsan 
guinated placenta, preferably With an anticoagulant solution, 
to ?ush out residual cells. The residual cells and perfusion 
liquid from the exsanguinated placenta are collected, and the 
embryonic-like stem cells are separated from the residual 
cells and perfusion liquid. The invention also provides a 
method of utilizing the isolated and perfused placenta as a 
bioreactor in Which to propagate endogenous cells, includ 
ing, but not limited to, embryonic-like stem cells. The 
invention also provides methods for propagation of eXog 
enous cells in a placental bioreactor and collecting the 
propagated exogenous cells and bioactive molecules there 
from. 
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POST-PARTUM MAMMALIAN PLACENTA, ITS 
USE AND PLACENTAL STEM CELLS 

THEREFROM 

[0001] This application is a continuation-in-part of pend 
ing applications Ser. No. 01/004,942, ?led Dec. 5, 2001 
Which claims priority to US. provisional application No. 
60/251,900, ?led Dec. 6, 2000, each of Which is hereby 
incorporated by reference. The present application also 
claims priority to US. provisional application No. 60/268, 
560, ?led Feb. 14, 2001, Which is hereby incorporated by 
reference. 

1. INTRODUCTION 

[0002] The present invention relates to methods of exsan 
guinating and perfusing a placenta following expulsion from 
the uterus, e.g., after birth. The present invention relates to 
methods of treating and culturing an isolated placenta for the 
propagation of embryonic-like stem cells originating from 
the placenta and exogenous sources. The present invention 
further relates to the use of a cultured placenta as a biore 
actor to produce biological materials or culture cells, tissues 
and organoids. The present invention also relates to stem cell 
collection and propagation, and in particular, to the collec 
tion of embryonic-like stem cells and other multipotent stem 
cells from placentas. The present invention relates to embry 
onic-like stem cells originating from a postpartum placenta. 

2. BACKGROUND OF THE INVENTION 

[0003] There is considerable interest in the identi?cation, 
isolation and generation of human stem cells. Human stem 
cells are totipotential or pluripotential precursor cells 
capable of generating a variety of mature human cell lin 
eages. This ability serves as the basis for the cellular 
differentiation and specialiZation necessary for organ and 
tissue development. 

[0004] Recent success at transplanting such stem cells 
have provided neW clinical tools to reconstitute and/or 
supplement bone marroW after myeloablation due to disease, 
exposure to toxic chemical and/or radiation. Further evi 
dence exists that demonstrates that stem cells can be 
employed to repopulate many, if not all, tissues and restore 
physiologic and anatomic functionality. The application of 
stem cells in tissue engineering, gene therapy delivery and 
cell therapeutics is also advancing rapidly. 

[0005] Many different types of mammalian stem cells 
have been characteriZed. For example, embryonic stem 
cells, embryonic germ cells, adult stem cells or other com 
mitted stem cells or progenitor cells are knoWn. Certain stem 
cells have not only been isolated and characteriZed but have 
also been cultured under conditions to alloW differentiation 
to a limited extent. A basic problem remains, hoWever, in 
that obtaining suf?cient quantities and populations of human 
stem cells Which are capable of differentiating into all cell 
types is near impossible. Stem cells are in critically short 
supply. These are important for the treatment of a Wide 
variety of disorders, including malignancies, inborn errors of 
metabolism, hemoglobinopathies, and immunode?ciences. 
It Would be highly advantageous to have a source of more 
embryonic stem cells. 

[0006] Obtaining sufficient numbers of human stem cells 
has been problematic for several reasons. First, isolation of 
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normally occurring populations of stem cells in adult tissues 
has been technically difficult and costly due, in part, to very 
limited quantity found in blood or tissue. Secondly, procure 
ment of these cells from embryos or fetal tissue, including 
abortuses, has raised religious and ethical concerns. The 
Widely held belief that the human embryo and fetus consti 
tute independent life has prompted governmental restric 
tions on the use of such sources for all purposes, including 
medical research. Alternative sources that do not require the 
use of cells procured from embryonic or fetal tissue are 
therefore essential for further progress in the use of stem 
cells clinically. There are, hoWever, feW viable alternative 
sources of stem cells, particularly human stem cells, and 
thus supply is limited. Furthermore, harvesting of stem cells 
from alternative sources in adequate amounts for therapeutic 
and research purposes is generally laborious, involving, e. g., 
harvesting of cells or tissues from a donor subject or patient, 
culturing and/or propagation of cells in vitro, dissection, etc. 

[0007] For example, Caplan et al. (US. Pat. No. 5,486,359 
entitled “Human mesenchymal stem cells,” issued Jan. 23, 
1996), discloses human mesenchymal stem cell (hMSC) 
compositions derived from the bone marroW that serve as 
the progenitors for mesenchymal cell lineages. Caplan et al. 
discloses that hMSCs are identi?ed by speci?c cell surface 
markers that are identi?ed With monoclonal antibodies. 
Homogeneous hMSC compositions are obtained by positive 
selection of adherent marroW or periosteal cells that are free 
of markers associated With either hematopoietic cell or 
differentiated mesenchymal cells. These isolated mesenchy 
mal cell populations display epitopic characteristics associ 
ated With mesenchymal stem cells, have the ability to 
regenerate in culture Without differentiating, and have the 
ability to differentiate into speci?c mesenchymal lineages 
When either induced in vitro or placed in vivo at the site of 
damaged tissue. The draWback of such methods, hoWever, is 
that they require harvesting of marroW or periosteal cells 
from a donor, from Which the MSCs must be subsequently 
isolated. 

[0008] Hu et a. (WO 00/73421 entitled “Methods of 
isolation, cryopreservation, and therapeutic use of human 
amniotic epithelial cells,” published Dec. 7, 2000) discloses 
human amniotic epithelial cells derived from placenta at 
delivery that are isolated, cultured, cryopreserved for future 
use, or induced to differentiate. According to Hu et al., a 
placenta is harvested immediately after delivery and the 
amniotic membrane separated from the chorion, e.g., by 
dissection. Amniotic epithelial cells are isolated from the 
amniotic membrane according to standard cell isolation 
techniques. The disclosed cells can be cultured in various 
media, expanded in culture, cryopreserved, or induced to 
differentiate. Hu et al. discloses that amniotic epithelial cells 
are multipotential (and possibly pluripotential), and can 
differentiate into epithelial tissues such as corneal surface 
epithelium or vaginal epithelium. The draWback of such 
methods, hoWever, is that they are labor-intensive and the 
yield of stem cells is very loW. For example, to obtain 
suf?cient numbers of stem cells for typical therapeutic or 
research purposes, amniotic epithelial cells must be ?rst 
isolated from the amnion by dissection and cell separation 
techniques, then cultured and expanded in vitro. 

[0009] Umbilical cord blood (cord blood) is a knoWn 
alternative source of hematopoietic progenitor stem cells. 
Stem cells from cord blood are routinely cryopreserved for 
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use in hematopoietic reconstitution, a Widely used therapeu 
tic procedure used in bone marrow and other related trans 
plantations (see e.g., Boyse et al., US. Pat. No. 5,004,681, 
“Preservation of Fetal and Neonatal Hematopoietin Stem 
and Progenitor Cells of the Blood”, Boyse et al., US. Pat. 
No. 5,192,553, entitled “Isolation and preservation of fetal 
and neonatal hematopoietic stem and progenitor cells of the 
blood and methods of therapeutic use”, issued Mar. 9, 1993). 
Conventional techniques for the collection of cord blood are 
based on the use of a needle or cannula, Which is used With 
the aid of gravity to drain cord blood from (i.e., exsan 
guinate) the placenta (Boyse et al., US. Pat. No. 5,192,553, 
issued Mar. 9, 1993; Boyse et al., US. Pat. No. 5,004, 681, 
issued Apr. 2, 1991; Anderson, US. Pat. No. 5,372,581, 
entitled Method and apparatus for placental blood collec 
tion, issued Dec. 13, 1994; Hessel et al., US. Pat. No. 
5,415,665, entitled Umbilical cord clamping, cutting, and 
blood collecting device and method, issued May 16, 1995). 
The needle or cannula is usually placed in the umbilical vein 
and the placenta is gently massaged to aid in draining cord 
blood from the placenta. Thereafter, hoWever, the drained 
placenta has been regarded as having no further use and has 
typically been discarded. A major limitation of stem cell 
procurement from cord blood, moreover, has been the fre 
quently inadequate volume of cord blood obtained, resulting 
in insuf?cient cell numbers to effectively reconstitute bone 
marroW after transplantation. 

[0010] Naughton et al. (US. Pat. No. 5,962,325 entitled 
“Three-dimensional stromal tissue cultures” issued Oct. 5, 
1999) discloses that fetal cells, including ?broblast-like cells 
and chondrocyte-progenitors, may be obtained from umbili 
cal cord or placenta tissue or umbilical cord blood. Naugh 
ton et al. (US. Pat. No. 5,962,325) discloses that such fetal 
stromal cells can be used to prepare a “generic” stromal or 
cartilaginous tissue. Naughton et al. also discloses that a 
“speci?c” stromal tissue may be prepared by inoculating a 
three-dimensional matrix With ?broblasts derived from a 
particular individual Who is later to receive the cells and/or 
tissues groWn in culture in accordance With the disclosed 
methods. The draWback of such an approach hoWever, is that 
it is labor intensive. According to the methods disclosed in 
Naughton et al, to recover fetal stromal cells from the 
umbilical cord or placenta requires dissection of these 
tissues, mincing of the tissue into pieces and disaggregation. 
Furthermore, to obtain adequate amounts of the fetal stromal 
cells from umbilical cord blood, as Well as the umbilical 
cord and placenta, requires further expansion ex vivo. 

[0011] Currently available methods for the ex vivo expan 
sion of cell populations are also labor-intensive. For 
example, Emerson et a/. (Emerson et al., US. Pat. No. 
6,326,198 entitled “Methods and compositions for the ex 
vivo replication of stem cells, for the optimiZation of 
hematopoietic progenitor cell cultures, and for increasing 
the metabolism, GM-CSF secretion and/or IL-6 secretion of 
human stromal cells”, issued Dec. 4, 2001); discloses meth 
ods, and culture media conditions for ex vivo culturing of 
human stem cell division and/or the optimiZation of human 
hematopoietic progenitor stem cells. According to the dis 
closed methods, human stem cells or progenitor cells 
derived from bone marroW are cultured in a liquid culture 
medium that is replaced, preferably perfused, either con 
tinuously or periodically, at a rate of 1 ml of medium per ml 
of culture per about 24 to about 48 hour period. Metabolic 
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products are removed and depleted nutrients replenished 
While maintaining the culture under physiologically accept 
able conditions. 

[0012] Kraus et al. (Kraus et al., U.S. Pat. No. 6,338,942, 
entitled “Selective expansion of target cell populations”, 
issued Jan. 15, 2002) discloses that a predetermined target 
population of cells may be selectively expanded by intro 
ducing a starting sample of cells from cord blood or periph 
eral blood into a groWth medium, causing cells of the target 
cell population to divide, and contacting the cells in the 
groWth medium With a selection element comprising binding 
molecules With speci?c affinity (such as a monoclonal 
antibody for CD34) for a predetermined population of cells 
(such as CD34 cells), so as to select cells of the predeter 
mined target population from other cells in the groWth 
medium. 

[0013] Rodgers et al. (US. Pat. No. 6,335,195 entitled 
“Method for promoting hematopoietic and mesenchymal 
cell proliferation and differentiation,” issued Jan. 1, 2002) 
discloses methods for ex vivo culture of hematopoietic and 
mesenchymal stem cells and the induction of lineage-spe 
ci?c cell proliferation and differentiation by groWth in the 
presence of angiotensinogen, angiotensin I (AI), AI ana 
logues, AI fragments and analogues thereof, angiotensin II 
(All), All analogues, AII fragments or analogues thereof or 
All AT 2 type 2 receptor agonists, either alone or in combi 
nation With other groWth factors and cytokines. The stem 
cells are derived from bone marroW, peripheral blood or 
umbilical cord blood. The draWback of such methods, hoW 
ever, is that such ex vivo methods for inducing proliferation 
and differentiation of stem cells are time-consuming, as 
discussed above, and also result in loW yields of stem cells. 

[0014] Naughton et al., (US. Pat. No. 6,022,743 entitled 
“Three-dimensional culture of pancreatic parenchymal cells 
cultured living stromal tissue prepared in vitro,” issued Feb. 
8, 2000) discloses a tissue culture system in Which stem cells 
or progenitor cells (e.g., stromal cells such as those derived 
from umbilical cord cells, placental cells, mesenchymal 
stem cells or fetal cells) are propagated on three-dimensional 
support rather than as a tWo-dimensional monolayer in, e.g., 
a culture vessel such as a ?ask or dish. 

[0015] Because of restrictions on the collection and use of 
stem cells, and the inadequate numbers of cells typically 
collected from cord blood, stem cells are in critically short 
supply. Stem cells have the potential to be used in the 
treatment of a Wide variety of disorders, including malig 
nancies, inborn errors of metabolism, hemoglobinopathies, 
and immunode?ciencies. There is a critical need for a 
readily accessible source of large numbers of human stem 
cells for a variety of therapeutic and other medically related 
purposes. The present invention addresses that need and 
others. 

3. SUMMARY OF THE INVENTION 

[0016] The present invention relates to a mammalian 
placenta, preferably human, Which folloWing expulsion 
from the uterus has been treated and cultured to produce 
multipotent stem cells (e.g., committed progenitor cells), 
embryonic-like stem cells and other biological materials. In 
particular, the present invention provides methods of per 
fusing and exsanguinating a placenta post birth. The present 
invention provides methods of exsanguinating and perfusing 
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a placenta under sterile conditions for a period of at least tWo 
to greater than forty-eight hours following expulsion of the 
placenta from the uterus. In a preferred embodiment, the 
placenta is perfused With a solution containing factors to 
enhance the exsanguination, such as anticoagulant factors. 
In another embodiment, the placenta is perfused With a 
solution containing factors to enhance the sterile conditions, 
such as antimicrobial and antiviral agents. In a preferred 
embodiment, the placenta is perfused With a solution con 
taining groWth factors. Such solutions Which contains 
groWth factors and other culture components but Without 
anticoagulants are referred to as culture solution. 

[0017] In another preferred embodiment of the invention, 
the placenta is perfused to remove blood, residual cells, 
proteins and any other residual material. The placenta may 
be further processed to remove material debris. Perfusion is 
normally continued With an appropriate perfusate for at least 
tWo to more than tWenty-four hours. In several additional 
embodiments, of the invention, the placenta is perfused for 
at least 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, and 22 hours prior 
to the collection of stem cells. The perfusate collected from 
any of these time points may also provide a source of 
embryonic-like stem cells. It should be understood that the 
?rst collection of blood from the placenta is referred to as 
cord blood Which contains predominantly CD34+ and 
CD38+ hematopoietic progenitor cells. Within the ?rst 
tWenty-four hours of post-partum perfusion, CD34+ and 
CD38- hematopoietic progenitor cells can be isolated from 
the placenta along With CD34+ and CD38- cells. After 
about tWenty-four hours of perfusion, CD34- and CD38 
cells can be isolated from the placenta along With the 
aforementioned cells. 

[0018] The present invention relates to an isolated pla 
centa that has been exsanguinated and perfused under sterile 
conditions. In a preferred embodiment, the invention pro 
vides an isolated placenta that has been exsanguinated and 
perfused to remove all residual cells and cultured for a 
period of tWo to tWenty four hours folloWing expulsion from 
the uterus. The present invention also provides an isolated 
placenta that has been treated and cultured to result in a 
viable organ capable of producing embryonic-like stem 
cells, progenitor cells and other biological materials. 

[0019] The present invention relates to a stem cell pro 
ducing apparatus Which comprises a post-partum mamma 
lian placenta Which has been exsanguinated and perfused, a 
means for incubating or culturing the placenta; and a means 
for detecting stem cells. In another embodiment, the appa 
ratus of the invention further comprises a collection device 
and/or a means for separating the collected cells. In another 
embodiment, the apparatus of the invention further com 
prises a means for monitoring and adjusting the culture 
conditions and collection of cells. 

[0020] The present invention also provides methods of 
incubating and culturing an isolated exsanguinated placenta 
under the appropriate conditions to alloW for the production 
of embryonic-like stem cells that originate from the pla 
centa. In accordance With the present invention, embryonic 
like stem cells are obtained from a placenta folloWing 
expulsion from the uterus. The placenta is exsanguinated 
and perfused for a period of at least tWo to tWenty four hours 
to remove all residual cells. The exsanguinated placenta is 
then cultured under the appropriate conditions to alloW for 
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the production of endogenous stem cells originating from 
the placenta, including, but not limited to embryonic-like 
stem cells, and pluripotent or multipotent stem cells. in a 
preferred embodiment, the exsanguinated placenta is cul 
tured in the presence of groWth factors, such as PDGF and 
EGF. 

[0021] The present invention further provides methods of 
treating and culturing an isolated placenta for use as a 
bioreactor for the propagation of endogenous stem cells 
originating from the placenta. The present invention pro 
vides methods of treating and culturing an isolated placenta 
for use as a bioreactor for the propagation of exogenous cells 
and biological materials, e.g., antibodies, proteins, oligo 
nucleotides, hormones, viruses, cytokines and enZymes. The 
present invention also provides propagation and collection 
of embryonic-like stem cells and other pluripotent and 
multipotent stem cells from placentas. The cultured placenta 
may be used repeatedly as a bioreactor and may be cultured 
over a period of days, months and even years. The cultured 
placenta may be maintained by periodically or continuously 
removing a portion of a culture medium or perfusion ?uid 
that is introduced into the system and from Which the 
propagated cells or produced biological materials may be 
recovered, and replaced With fresh medium or perfusate 
liquid. 

[0022] In another embodiment, the invention provides a 
method of utiliZing the isolated and perfused placenta as a 
bioreactor in Which to propagate endogenous cells, includ 
ing, but not limited to, embryonic-like stem cells, progenitor 
cells, pluripotent cells and multipotent cells. The endog 
enous cells propagated in the placental bioreactor may be 
collected, and/or bioactive molecules recovered from the 
perfusate, culture medium or from the placenta cells them 
selves. 

[0023] In another embodiment, the invention provides a 
method of utiliZing the isolated and perfused placenta as a 
bioreactor in Which to propagate exogenous cells. In accor 
dance With this embodiment, the invention relates to an 
isolated placenta Which contains a cell not derived from the 
placenta, Wherein the engraftment of said cell into the 
placenta may stimulate the placenta to produce embryonic 
like stem cells or Wherein the engrafted cell produces 
signals, such a cytokines and groWth factors, Which may 
stimulate the placenta to produce stem cells. In accordance 
With this embodiment, the placenta may be engrafted With 
cells not placental in origin obtained from the infant asso 
ciated With the placenta. In another embodiment, the pla 
centa may be engrafted With cells not placental in origin 
obtained from the parents or siblings of the infant associated 
With the placenta. The exogenous cells propagated in the 
placental bioreactor may be collected, and/or bioactive mol 
ecules recovered from the perfusate, culture medium or from 
the placenta cells themselves. 

[0024] The present invention provides embryonic-like 
stem cells that originate from a placenta. The embryonic-like 
stem cells of the invention may be characteriZed by mea 
suring changes in morphology and cell surface markers 
using techniques such as flow cytometry and immunocy 
tochemistry, and measuring changes in gene expression 
using techniques, such as PCR. In one embodiment of the 
invention, such embryonic-like stem cells may be charac 
teriZed by the presence of the folloWing cell surface mark 
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ers: CD10+, CD29+, CD34—, CD38—, CD44+, CD45—, 
CD54+, CD90+, SH2+, SH3+, SH4+, SSEA3—, SSEA4—, 
OCT-4+, and ABC-p+. In a preferred embodiment, such 
embryonic-like stem cells may be characterized by the 
presence of cell surface markers OCT-4+ and APC-p+. 
Embryonic-like stem cells originating from placenta the 
have characteristics of embryonic stem cells but are not 
derived from the embryo. In other Words, the invention 
encompasses OCT-4+ and ABC-p+ cells that are undiffer 
entiated stem cells that are isolated from post-partum per 
fused placenta. Such cells are as versatile (e.g., pluripotent) 
as human embryonic stem cells. As mentioned above, a 
number of different pluripotent or multipotent stem cells can 
be isolated from the perfused placenta at different time 
points e.g., CD34+/CD38+, CD34+/CD38—, and CD34—/ 
CD38- hematopoietic cells. According to the methods of the 
invention, human placenta is used post-birth as the source of 
embryonic-like stem cells. 

[0025] In another embodiment, the invention provides a 
method for isolating other embryonic-like and/or multipo 
tent or pluripotent stem cells from an eXtractant or perfusate 
of a eXsanguinated placenta. 

[0026] The present invention relates to pharmaceutical 
compositions Which comprise the embryonic-like stem cells 
of the invention. The present invention further relates to an 
isolated homogenous population of human placental stem 
cells Which has the potential to differentiate into all cell 
types. The invention also encompasses pharmaceutical com 
positions have high concentrations (or larger populations) of 
homogenous hematopoietic stem cells including but not 
limited to CD34+/CD38— cells; and CD34—/CD38— cells 
one or more of these cell populations can be used With or as 

a miXture With cord blood hematopoietic cells i.e., CD34+/ 
CD38+ hematopoietic cells for transplantation and other 
uses. 

[0027] The stem cells obtained by the methods of the 
invention have a multitude of uses in transplantation to treat 
or prevent disease. In one embodiment of the invention, they 
are used to renovate and repopulate tissues and organs, 
thereby replacing or repairing diseased tissues, organs or 
portions thereof. 

3.1. DEFINITIONS 

[0028] As used herein, the term “bioreactor” refers to an 
eX vivo system for propagating cells, producing or eXpress 
ing biological materials and groWing or culturing cells 
tissues, organoids, viruses, proteins, polynucleotides and 
microorganisms. 

[0029] As used herein, the term “embryonic stem cell” 
refers to a cell that is derived from the inner cell mass of a 
blastocyst (e.g., a 4- to S-day-old human embryo) and that 
is pluripotent. 

[0030] As used herein, the term “embryonic-like stem 
cell” refers to a cell that is not derived from the inner cell 
mass of a blastocyst. As used herein, an “embryonic-like 
stem cell” may also be referred to as a “placental stem cell.” 
An embryonic-like stem cell is preferably pluripotent. HoW 
ever, the stem cells Which may be obtained from the placenta 
include embryonic-like stem cells, multipotent cells, and 
committed progenitor cells. According to the methods of the 
invention, embryonic-like stem cells derived from the pla 
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centa may be collected from the isolated placenta once it has 
been eXsanguinated and perfused for a period of time 
suf?cient to remove residual cells. 

[0031] As used herein, the term “eXsanguinated” or 
“eXsanguination,” When used With respect to the placenta, 
refers to the removal and/or draining of substantially all cord 
blood from the placenta. In accordance With the present 
invention, eXsanguination of the placenta can be achieved 
by, for eXample, but not by Way of limitation, draining, 
gravity induced ef?uX, massaging, squeezing, pumping, etc. 
In a preferred embodiment, eXsanguination of the placenta 
may further be achieved by perfusing, rinsing or ?ushing the 
placenta With a ?uid that may or may not contain agents, 
such as anticoagulants, to aid in the eXsanguination of the 
placenta. 

[0032] As used herein, the term “perfuse” or “perfusion” 
refers to the act of pouring or passaging a ?uid over or 
through an organ or tissue, preferably the passage of ?uid 
through an organ or tissue With suf?cient force or pressure 
to remove any residual cells, e.g., non-attached cells from 
the organ or tissue. As used herein, the term “perfusate” 
refers to the ?uid collected folloWing its passage through an 
organ or tissue. In a preferred embodiment, the perfusate 
contains one or more anticoagulants. 

[0033] As used herein, the term “exogenous cell” refers to 
a “foreign” cell, i.e., a heterologous cell (i.e., a “non-self” 
cell derived from a source other than the placental donor) or 
autologous cell (i.e., a “self” cell derived from the placental 
donor) that is-derived from an organ or tissue other than the 
placenta. 
[0034] As used herein, the term “organoid” refers to an 
aggregation of one or more cell types assembled in super 
?cial appearance or in actual structure as any organ or gland 
of a mammalian body, preferably the human body. 

[0035] As used herein, the term “multipotent cell” refers 
to a cell that has the capacity to groW into any of subset of 
the mammalian body’s approximately 260 cell types. Unlike 
a pluripotent cell, a multipotent cell does not have the 
capacity to form all of the cell types. 

[0036] As used herein, the term “pluripotent cell” refers to 
a cell that has complete differentiation versatility, i.e., the 
capacity to groW into any of the mammalian body’s approXi 
mately 260 cell types. A pluripotent cell can be self-reneW 
ing, and can remain dormant or quiescent Within a tissue. 
Unlike a totipotent cell (e.g., a fertiliZed, diploid egg cell), 
an embryonic stem cell cannot usually form a neW blasto 
cyst. 

[0037] As used herein, the term “progenitor cell” refers to 
a cell that is committed to differentiate into a speci?c type 
of cell or to form a speci?c type of tissue. 

[0038] As used herein, the term “stem cell” refers to a 
master cell that can reproduce inde?nitely to form the 
specialiZed cells of tissues and organs. A stem cell is a 
developmentally pluripotent or multipotent cell. A stem cell 
can divide to produce tWo daughter stem cells, or one 
daughter stem cell and one progenitor (“transit”) cell, Which 
then proliferates into the tissue’s mature, fully formed cells. 

[0039] As used herein, the term “totipotent cell” refers to 
a cell that is able to form a complete embryo (e.g., a 
blastocyst). 
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4. BRIEF DESCRIPTION OF THE FIGURES 

[0040] FIG. 1 is a cross-sectional vieW of the cannulation 
of the vein and artery of a placenta to perfuse the placenta 
and then collect the perfusate. 

[0041] FIGS. 2a-e are schematics showing the collection, 
clamping, perfusion, collection and storage of an exsan 
guinated and perfused placenta. 

[0042] FIG. 3 is a cross-sectional schematic of a perfused 
placenta in a device for use as a bioreactor. 

[0043] FIG. 4 is a selection scheme for sorting cells, 
including embryonic-like stem cells, retrieved from a per 
fused placenta. 

5. DETAILED DESCRIPTION OF THE 
INVENTION 

[0044] The applicant has unexpectedly discovered that the 
placenta after birth contains quiescent cells Which can be 
activated if the placenta is properly processed after birth. For 
example, after expulsion from the Womb, the placenta is 
exsanguinated as quickly as possible to prevent or minimize 
apoptosis. Subsequently, as soon as possible after exsan 
guination the placenta is perfused to remove blood, residual 
cells, proteins, factors and any other materials present in the 
organ. Materials debris may also be removed from the 
placenta. Perfusion is normally continued With an appropri 
ate perfusate for at least tWo to more than tWenty-four hours. 
In several additional embodiments the placenta is perfused 
for at least 4, 6, 8, 10, 12, 14, 16, 18, 20, and 22 hours. In 
other Words, this invention is based at least in part on the 
discovery that the cells of a postpartum placenta can be 
activated by exsanguination and perfusion for a sufficient 
amount of time. Therefore, the placenta can readily be used 
as a rich and abundant source of embryonic-like stem cells, 
Which cells can be used for research, including drug dis 
covery, treatment and prevention of diseases, in particular 
transplantation surgeries or therapies, and the generation of 
committed cells, tissues and organoids. 

[0045] Further, surprisingly and unexpectedly the human 
placental stem cells produced by the exsanguinated, per 
fused and/or cultured placenta are pluripotent stem cells that 
can readily be differentiated into any desired cell type. 

[0046] The present invention relates to methods of treating 
and culturing an isolated placenta for use as a bioreactor for 
the production and propagation of embryonic-like stem cells 
originating from the placenta or from exogenous sources. 
The present invention also relates to the use of a cultured 
placenta as a bioreactor to produce biological materials, 
including, but not limited to, antibodies, hormones, cytok 
ines, groWth factors and viruses. The present invention also 
relates to methods of collecting and isolating the stem cells 
and biological materials from the cultured placenta. 

[0047] The present invention relates to methods of per 
fusing and exsanguinating an isolated placenta once it has 
been expunged from a uterus, to remove all residual cells. 
The invention further relates to culturing the isolated and 
exsanguinated placenta under the appropriate conditions to 
alloW for the production and propagation of embryonic-like 
stem cells. 

[0048] The present invention provides a method of 
extracting and recovering embryonic-like stem cells, includ 
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ing, but not limited to pluripotent or multipotent stem cells, 
from an exsanguinated human placenta. Embryonic-like 
stem cells have characteristics of embryonic stem cells but 
are not derived from the embryo. Such cells are as versatile 
(e.g., pluripotent) as human embryonic stem cells. Accord 
ing to the methods of the invention, human placenta is used 
post-birth as the source of embryonic-like stem cells. 

[0049] According to the methods of the invention embry 
onic-like stem cells are extracted from a drained placenta by 
means of a perfusion technique that utiliZes either or both of 
the umbilical artery and umbilical vein. The placenta is 
preferably drained by exsanguination and collection of 
residual blood (e.g., residual umbilical cord blood). The 
drained placenta is then processed in such a manner as to 
establish an ex vivo, natural bioreactor environment in 
Which resident embryonic-like stem cells Within the paren 
chyma and extravascular space are recruited. The embry 
onic-like stem cells migrate into the drained, empty micro 
circulation Where, according to the methods of the invention, 
they are collected, preferably by Washing into a collecting 
vessel by perfusion. 

5.1. Methods of Isolating and Culturing Placenta 

[0050] 5.1.1. Pretreatment of Placenta 

[0051] According to the methods of the invention, a 
human placenta is recovered shortly after its expulsion after 
birth and, in certain embodiments, the cord blood in the 
placenta is recovered. In certain embodiments, the placenta 
is subjected to a conventional cord blood recovery process. 
Such cord blood recovery may be obtained commercially, 
e.g., LifeBank Inc., Cedar Knolls, N.J., ViaCord, Cord 
Blood Registry and Cryocell. The cord blood can be drained 
shortly after expulsion of the placenta. 

[0052] Postpartum the placenta is drained of cord blood. 
The placenta stored may be under sterile conditions and at 
either room temperature or at a temperature of 5 to 25° C. 
(centigrade). The placenta may be stored for a period of 
longer than forty eight hours, and preferably for a period of 
four to tWenty-four hours prior to perfusing the placenta to 
remove any residual cord blood. 

[0053] Typically, a placenta is transported from the deliv 
ery or birthing room to another location, e.g., a laboratory, 
for recovery of the cord blood and/or drainage and perfu 
sion. The placenta is preferably transported in a sterile, 
thermally insulated transport device (maintaining the tem 
perature of the placenta betWeen 20-28° C.), for example, by 
placing the placenta, With clamped proximal umbilical cord, 
in a sterile Zip-lock plastic bag, Which is then placed in an 
insulated container, as shoWn in FIGS. 2a-e. Preferably, the 
placenta is delivered to the laboratory four to tWenty-four 
hours folloWing delivery. 

[0054] The placenta is preferably recovered after expul 
sion under aseptic conditions, and stored in an anticoagulant 
solution at a temperature of 5 to 25° C. (centigrade). Suitable 
anticoagulant solutions are Well knoWn in the art. For 
example, a solution of heparin or Warfarin sodium can be 
used. In a preferred embodiment, the anticoagulant solution 
comprises a solution of heparin (1% W/W in 111000 solu 
tion). The drained placenta is preferably stored for no more 
than 36 hours before the embryonic-like stem cells are 
collected. The solution Which is used to perfuse the placenta 
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to remove residual cells can be the same solution used to 
perfuse and culture the placenta for the recovery of stem 
cells. Any of these perfusates may be collected and used as 
a source of embryonic-like stem cells. 

[0055] In certain embodiments, the proximal umbilical 
cord is clamped, preferably Within 4-5 cm (centimeter) of 
the insertion into the placental disc prior to cord blood 
recovery. In other embodiments, the proximal umbilical cord 
is clamped after cord blood recovery but prior to further 
processing of the placenta. 

[0056] Conventional techniques for the collection of cord 
blood may be used. Typically a needle or cannula is used, 
With the aid of gravity, to drain cord blood from (i.e., 
exsanguinate) the placenta (Boyse et al., US. Pat. No. 
5,192,553, issued Mar. 9, 1993; Boyse et al., US. Pat. No. 
5,004,681, issued Apr. 2, 1991; Anderson, US. Pat. No. 
5,372,581, entitled Method and apparatus for placental 
blood collection, issued Dec. 13, 1994; Hessel et al., US. 
Pat. No. 5,415,665, entitled Umbilical cord clamping, cut 
ting, and blood collecting device and method, issued May 
16, 1995). The needle or cannula is usually placed in the 
umbilical vein and the placenta is gently massaged to aid in 
draining cord blood from the placenta. 

[0057] In a preferred embodiment, the placenta is recov 
ered from a patient by informed consent and a complete 
medical history of the patient prior to, during and after 
pregnancy is also taken and is associated With the placenta. 
These medical records can be used to coordinate subsequent 
use of the placenta or the stem cells harvested therefrom. For 
example, the human placental stem cells can then easily be 
used for personaliZed medicine for the infant in question, the 
parents, siblings or other relatives. Indeed, the human pla 
cental stem cells are more versatile than cord blood. HoW 
ever, it should be noted that the invention includes the 
addition of human placental stem cells produced by the 
exsanguinated, perfused and/or cultured placenta to cord 
blood from the same or different placenta and umbilical 
cord. The resulting cord blood Will have an increased 
concentration/population of human stem cells and thereby is 
more useful for transplantation eg for bone marroW trans 
plantations. 

5.1.2. Exsanguination of Placenta and Removal of 
Residual Cells 

[0058] The invention provides a method for recovery of 
stem or progenitor cells, including, but not limited to embry 
onic-like stem cells, from a placenta that is exsanguinated, 
i.e., completely drained of the cord blood remaining after 
birth and/or a conventional cord blood recovery procedure. 
According to the methods of the invention, the placenta is 
exsanguinated and perfused With a suitable aqueous perfu 
sion ?uid, such as an aqueous isotonic ?uid in Which an 
anticoagulant (e.g., heparin, Warfarin sodium) is dissolved. 
Such aqueous isotonic ?uids for perfusion are Well knoWn in 
the art, and include, e.g., a 0.9 N sodium chloride solution. 
The perfusion ?uid preferably comprises the anticoagulant, 
such as heparin or Warfarin sodium, at a concentration that 
is su?icient to prevent the formation of clots of any residual 
cord blood. In a speci?c embodiment, a concentration of 
from 1 to 100 units of heparin is employed, preferably a 
concentration of 1 to 10 units of heparin per ml is employed. 
In one embodiment, apoptosis inhibitors, such as free radical 
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scavengers, in particular oxygen free radical scavengers, can 
be used during and immediately after exsanguination and 
then these agents can be Washed from the placenta. In 
accordance With this embodiment of the invention, the 
isolated placenta may be stored under hypothermic condi 
tions in order to prevent or inhibit apoptosis. 

[0059] According to the methods of the invention, the 
placenta is exsanguinated by passage of the perfusion ?uid 
through either or both of the umbilical artery and umbilical 
vein, using a gravity ?oW into the placenta. The placenta is 
preferably oriented (e.g., suspended) in such a manner that 
the umbilical artery and umbilical vein are located at the 
highest point of the placenta. In a preferred embodiment, the 
umbilical artery and the umbilical vein are connected simul 
taneously, as shoWn in FIG. 1, to a pipette that is connected 
via a ?exible connector to a reservoir of the perfusion ?uid. 
The perfusion ?uid is passed into the umbilical vein and 
artery and collected in a suitable open vessel from the 
surface of the placenta that Was attached to the uterus of the 
mother during gestation. The perfusion ?uid may also be 
introduced through the umbilical cord opening and alloWed 
to ?oW or perculate out of openings in the Wall of the 
placenta Which interfaced With the maternal uterine Wall. 

[0060] In a preferred embodiment, the proximal umbilical 
cord is clamped during perfusion, and more preferably, is 
clamped Within 4-5 cm (centimeter) of the cord’s insertion 
into the placental disc. 

[0061] In one embodiment, a su?icient amount of perfu 
sion ?uid is used that Will result in removal of all residual 
cord blood and subsequent collection or recovery of placen 
tal cells, including but not limited to embryonic-like stem 
cells and progenitor cells, that remain in the placenta after 
removal of the cord blood. 

[0062] It has been observed that When perfusion ?uid is 
?rst collected from a placenta during the exsanguination 
process, the ?uid is colored With residual red blood cells of 
the cord blood. The perfusion ?uid tends to become clearer 
as perfusion proceeds and the residual cord blood cells are 
Washed out of the placenta. Generally from 30 to 100 ml 
(milliliter) of perfusion ?uid is adequate to exsanguinate the 
placenta and to recover an initial population of embryonic 
like cells from the placenta, but more or less perfusion ?uid 
may be used depending on the observed results. 

5.1.3. Culturing Placenta 

[0063] After exsanguination and a sufficient time of per 
fusion of the placenta, the embryonic-like stem cells are 
observed to migrate into the exsanguinated and perfused 
microcirculation of the placenta Where, according to the 
methods of the invention, they are collected, preferably by 
Washing into a collecting vessel by perfusion. Perfusing the 
isolated placenta not only serves to remove residual cord 
blood but also provide the placenta With the appropriate 
nutrients, including oxygen. The placenta may be cultivated 
and perfused With a similar solution Which Was used to 
remove the residual cord blood cells, preferably, Without the 
addition of anticoagulant agents. 

[0064] In certain embodiments of the invention, the 
drained, exsanguinated placenta is cultured as a bioreactor 
i.e., an ex vivo system for propagating cells or producing 
biological materials. The number of propagated cells or level 
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of biological material produced in the placental bioreactor is 
maintained in a continuous state of balanced growth by 
periodically or continuously removing a portion of a culture 
medium or perfusion ?uid that is introduced into the pla 
cental bioreactor, and from Which the propagated cells or the 
produced biological materials may be recovered. Fresh 
medium or perfusion ?uid is introduced at the same rate or 
in the same amount. 

[0065] The number and type of cells propagated may 
easily be monitored by measuring changes in morphology 
and cell surface markers using standard cell detection tech 
niques such as ?oW cytometry, cell sorting, immunocy 
tochemistry (e.g., staining With tissue speci?c or cell-marker 
speci?c antibodies) ?uorescence activated cell sorting 
(FACS), magnetic activated cell sorting (MACS), by exami 
nation of the morphology of cells using light or confocal 
microscopy, or by measuring changes in gene expression 
using techniques Well knoWn in the art, such as PCR and 
gene expression pro?ling. 

[0066] In one embodiment, the cells may be sorted using 
a ?uorescence activated cell sorter (FACS). Fluorescence 
activated cell sorting (FACS) is a Well-known method for 
separating particles, including cells, based on the ?uorescent 
properties of the particles (Kamarch, 1987, Methods EnZy 
mol, 151:150-165). Laser excitation of ?uorescent moieties 
in the individual particles results in a small electrical charge 
alloWing electromagnetic separation of positive and nega 
tive particles from a mixture. In one embodiment, cell 
surface marker-speci?c antibodies or ligands are labeled 
With distinct ?uorescent labels. Cells are processed through 
the cell sorter, alloWing separation of cells based on their 
ability to bind to the antibodies used. FACS sorted particles 
may be directly deposited into individual Wells of 96-well or 
384-Well plates to facilitate separation and cloning. 

[0067] In another embodiment, magnetic beads can be 
used to separate cells. The cells may be sorted using a 
magnetic activated cell sorting (MACS) technique, a method 
for separating particles based on their ability to bind mag 
netic beads (0.5-100 pm diameter). A variety of useful 
modi?cations can be performed on the magnetic micro 
spheres, including covalent addition of antibody Which 
speci?cally recogniZes a cell-solid phase surface molecule 
or hapten. A magnetic ?eld is then applied, to physically 
manipulate the selected beads. The beads are then mixed 
With the cells to alloW binding. Cells are then passed through 
a magnetic ?eld to separate out cells having cell surface 
markers. These cells can then isolated and re-mixed With 
magnetic beads coupled to an antibody against additional 
cell surface markers. The cells are again passed through a 
magnetic ?eld, isolating cells that bound both the antibodies. 
Such cells can then be diluted into separate dishes, such as 
microtiter dishes for clonal isolation. 

[0068] In preferred embodiments, the placenta to be used 
as a bioreactor is exsanguinated and Washed under sterile 
conditions so that any adherent coagulated and non-adherent 
cellular contaminants are removed. The placenta is then 
cultured or cultivated under aseptic conditions in a container 
or other suitable vessel, and perfused With perfusate solution 
(e.g., a normal saline solution such as phosphate buffered 
saline (“PBS”)) With or Without an anticoagulant (e.g., 
heparin, Warfarin sodium, coumarin, bishydroxycoumarin), 
and/or With or Without an antimicrobial agent (e.g., [3-mer 
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captoethanol (0.1 mM); antibiotics such as streptomycin 
(e.g., at 40-100 pig/ml), penicillin (e.g., at 40U/ml), ampho 
tericin B (e.g., at 0.5 pig/ml). 

[0069] The ef?uent perfusate comprises both circulated 
perfusate, Which has ?oWed through the placental circula 
tion, and extravasated perfusate, Which exudes from or 
passes through the Walls of the blood vessels into the 
surrounding tissues of the placenta. The ef?uent perfusate is 
collected, and preferably, both the circulated and extrava 
sated perfusates are collected, preferably in a sterile recep 
tacle. Alterations in the conditions in Which the placenta is 
maintained and the nature of the perfusate can be made to 
modulate the volume and composition of the ef?uent per 
fusate. 

[0070] Cell types are then isolated from the collected 
perfusate by employing techniques knoWn by those skilled 
in the art, such as for example, but not limited to density 
gradient centrifugation, magnet cell separation, ?oW cytom 
etry, affinity cell separation or differential adhesion tech 
niques. 

[0071] In one embodiment, a placenta is placed in a sterile 
basin and Washed With 500 ml of phosphate-buffered normal 
saline. The Wash ?uid is then discarded. The umbilical vein 
is then cannulated With a cannula, e.g., a TEFLON® or 
plastic cannula, that is connected to a sterile connection 
apparatus, such as sterile tubing. The sterile connection 
apparatus is connected to a perfusion manifold, as shoWn in 
FIG. 3. The container containing the placenta is then cov 
ered and the placenta is maintained at room temperature 
(20-25° C.) for a desired period of time, preferably from 2 
to 24 hours, and preferably, no longer than 48 hours. The 
placenta may be perfused continually, With equal volumes of 
perfusate introduced and ef?uent perfusate removed or col 
lected. Alternatively, the placenta may be perfused periodi 
cally, e.g., at every 2 hours or at 4, 8, 12, and 24 hours, With 
a volume of perfusate, e.g., 100 ml of perfusate (sterile 
normal saline supplemented With or Without 1000 u/l hep 
arin and/or EDTA and/or CPDA (creatine phosphate dex 
trose)). In the case of periodic perfusion, preferably equal 
volumes of perfusate are introduced and removed from the 
culture environment of the placenta, so that a stable volume 
of perfusate bathes the placenta at all times. 

[0072] The ef?uent perfusate that escapes the placenta, 
e.g., at the opposite surface of the placenta, is collected and 
processed to isolate embryonic-like stem cells, progenitor 
cells or other cells of interest. 

[0073] Various media may be used as perfusion ?uid for 
culturing or cultivating the placenta, such as DMEM, F-12, 
M199, RPMI, Fisher’s, Iscore’s, McCoy’s and combinations 
thereof, supplemented With fetal bovine serum (FBS), Whole 
human serum (WHS), or human umbilical cord serum 
collected at the time of delivery of the placenta. The same 
perfusion ?uid used to exsanguinate the placenta of residual 
cord blood may be used to culture or cultivate the placenta, 
Without the addition of anticoagulant agents. 

[0074] In certain embodiments, the embryonic-like stem 
cells are induced to propagate in the placenta bioreactor by 
introduction of nutrients, hormones, vitamins, groWth fac 
tors, or any combination thereof, into the perfusion solution. 
Serum and other groWth factors may be added to the 
propagation perfusion solution or medium. GroWth factors 
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are usually proteins and include, but are not limited to: 
cytokines, lymphokines, interferons, colony stimulating fac 
tors (CSF’s), interferons, chemokines, and interleukins. 
Other growth factors that may be used include recombinant 
human hematopoietic groWth factors including ligands, stem 
cell factors, thrombopoeitin (Tpo), granulocyte colony 
stimulating factor (G-CSF), leukemia inhibitory factor, basic 
?broblast groWth factor, placenta derived groWth factor and 
epidermal groWth factor. 

[0075] The groWth factors introduced into the perfusion 
solution can stimulate the propagation of undifferentiated 
embryonic-like stem cells, committed progenitor cells, or 
differentiated cells (e.g., differentiated hematopoietic cells). 
The groWth factors can stimulate the production of biologi 
cal materials and bioactive molecules including, but not 
limited to, immunoglobulins, hormones, enZymes or groWth 
factors as previously described. 

[0076] In one embodiment of the invention, the placenta is 
used as a bioreactor for propagating endogenous cells (i.e., 
cells that originate from the placenta), including but not 
limited to, various kinds of pluripotent and/or totipotent 
embryonic-like stem cells and lymphocytes. To use the 
placenta as a bioreactor, it may be cultured for varying 
periods of time under sterile conditions by perfusion With 
perfusate solution as disclosed herein. In speci?c embodi 
ments, the placenta is cultured for at least 12, 24, 36, or 48 
hours, or for 3-5 days, 6-10 days, or for one to tWo Weeks. 
In a preferred embodiment, the placenta is cultured for 48 
hours. The cultured placenta should be “fed” periodically to 
remove the spent media, depopulate released cells, and add 
fresh media. The cultured placenta should be stored under 
sterile conditions to reduce the possibility of contamination, 
and maintained under intermittent and periodic pressuriZa 
tion to create conditions that maintain an adequate supply of 
nutrients to the cells of the placenta. It should be recogniZed 
that the perfusing and culturing of the placenta can be both 
automated and computeriZed for ef?ciency and increased 
capacity. 

[0077] In another embodiment, the placenta is processed 
to remove all endogenous proliferating cells, such as embry 
onic-like stem cells, and to alloW foreign (i.e., exogenous) 
cells to be introduced and propagated in the environment of 
the perfused placenta. The invention contemplates a large 
variety of stem or progenitor cells that can be cultured in the 
placental bioreactor, including, but not limited to, embry 
onic-like stem cells, mesenchymal stem cells, stromal cells, 
endothelial cells, hepatocytes, keratinocytes, and stem or 
progenitor cells for a particular cell type, tissue or organ, 
including but not limited to neurons, myelin, muscle, blood, 
bone marroW, skin, heart, connective tissue, lung, kidney, 
liver, and pancreas (e.g., pancreatic islet cells). 

[0078] Sources of mesenchymal stem cells include bone 
marroW, embryonic yolk sac, placenta, umbilical cord, fetal 
and adolescent skin, and blood. Bone marroW cells may be 
obtained from iliac crest, femora, tibiae, spine, rib or other 
medullary spaces. 

[0079] Methods for the selective destruction, ablation or 
removal of proliferating or rapidly dividing cells from a 
tissue or organ are Well-knoWn in the art, e.g., methods of 
cancer or tumor treatment. For eXample, the perfused pla 
centa may be irradiated With electromagnetic, UV, X-ray, 
gamma- or beta-radiation to eradicate all remaining viable, 
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endogenous cells. The foreign cells to be propagated are 
introduced into the irradiated placental bioreactor, for 
eXample, by perfusion. 

[0080] 5.2. Collection of Cells from the Placenta 

[0081] As disclosed above, after eXsanguination and per 
fusion of the placenta, embryonic-like stem cells migrate 
into the drained, empty microcirculation Where, according to 
the methods of the invention, they are collected, preferably 
by collecting the effluent perfusate in a collecting vessel. 

[0082] In preferred embodiments, cells cultured in the 
placenta are isolated from the effluent perfusate using tech 
niques knoWn by those skilled in the art, such as, for 
eXample, density gradient centrifugation, magnet cell sepa 
ration, ?oW cytometry, or other cell separation or sorting 
methods Well knoWn in the art, and sorted, for eXample, 
according to the scheme shoWn in FIG. 4. 

[0083] In a speci?c embodiment, cells collected from the 
placenta are recovered from the effluent perfusate by cen 
trifugation at 5000>< g for 15 minutes at room temperature, 
Which separates cells from contaminating debris and plate 
lets. The cell pellets are resuspended in IMDM serum-free 
medium containing 2U/ml heparin and 2 mM EDTA (Gib 
coBRL, The total mononuclear cell fraction Was iso 
lated using Lymphoprep (Nycomed Pharma, Oslo, NorWay) 
according to the manufacturer’s recommended procedure 
and the mononuclear cell fraction Was resuspended. Cells 
Were counted using a hemocytometer. Viability Was evalu 
ated by trypan blue eXclusion. Isolation of cells is achieved 
by “differential trypsiniZation,” using a solution of 0.05% 
trypsin With 0.2% EDTA (Sigma, St. Louis Mo.). Differen 
tial trypsiniZation Was possible because ?broblastoid cells 
detached from plastic surfaces Within about ?ve minutes 
Whereas the other adherent populations required more than 
20-30 minutes incubation. The detached ?broblastoid cells 
Were harvested folloWing trypsiniZation and trypsin neutral 
iZation, using Trypsin Neutralizing Solution (TNS, Bio 
Whittaker). The cells Were Washed in H.DMEM and resus 
pended in MSCGM. 

[0084] In another embodiment, the isolated placenta is 
perfused for a period of time Without collecting the perfu 
sate, such that the placenta may be perfused for 2, 4, 6, 8, 10, 
12, 20 and 24 hours or even days before the perfusate is 
collected. 

[0085] In another embodiment, cells cultured in the pla 
centa bioreactor are isolated from the placenta by physically 
dissecting the cells aWay from the placenta. 

[0086] In another embodiment, cells cultured in the pla 
centa bioreactor are isolated from the placenta by dissoci 
ating the tissues of the placenta or a portion thereof, and 
recovering the cultured cells by art-knoWn cell separation or 
sorting methods such as density gradient centrifugation, 
magnet cell separation, ?oW cytometry, etc. 

[0087] In a preferred embodiment, perfusion of the pla 
centa and collection of effluent perfusate is repeated once or 
tWice during the culturing of the placenta, until the number 
of recovered nucleated cells falls beloW 100 cells/ml. The 
perfusates are pooled and subjected to light centrifugation to 
remove platelets, debris and de-nucleated cell membranes. 
The nucleated cells are then isolated by Ficoll-Hypaque 
density gradient centrifugation and after Washing, resus 
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pended in H.DMEM. For isolation of the adherent cells, 
aliquots of 5-10><106 cells are placed in each of several T-75 
?asks and cultured With commercially available Mesenchy 
mal Stem Cell GroWth Medium (MSCGM) obtained from 
BioWhittaker, and placed in a tissue culture incubator (37° 
C., 5% CO2). After 10 to 15 days, non-adherent cells are 
removed from the ?asks by Washing With PBS. The PBS is 
then replaced by MSCGM. Flasks are preferably examined 
daily for the presence of various adherent cell types and in 
particular, for identi?cation and expansion of clusters of 
?broblastoid cells. 

[0088] In other embodiments, the cells collected from the 
placenta are cryopreserved for use at a later time. Methods 
for cryopreservation of cells, such as stem cells, are Well 
knoWn in the art, for example, cryopreservation using the 
methods of Boyse et al. (US. Pat. No. 5,192,553, issued 
Mar. 9, 1993) or Hu et al. (WO 00/73421, published Dec. 7, 
2000). 

5.3. Cell Populations Obtained from or Cultured in 
Placenta 

[0089] Embryonic-like stem cells obtained in accordance 
With the methods of the invention may include pluripotent 
cells, i.e., cells that have complete differentiation versatility, 
that are self-reneWing, and can remain dormant or quiescent 
Within tissue. The stem cells Which may be obtained from 
the placenta include embryonic-like stem cells, multipotent 
cells, committed progenitor cells, and ?broblastoid cells. 

[0090] The ?rst collection of blood from the placenta is 
referred to as cord blood Which contains predominantly 
CD34+ and CD38+ hematopoietic progenitor cells. Within 
the ?rst tWenty-four hours of postpartum perfusion, high 
concentrations of CD34+ and CD38- hematopoietic pro 
genitor cells may be isolated from the placenta, along With 
high concentrations of CD34- and CD38+hematopoietic 
progenitor cells. After about tWenty-four hours of perfusion, 
high concentrations of CD34- and CD38- cells can be 
isolated from the placenta along With the aforementioned 
cells. The isolated perfused placenta of the invention pro 
vides a source of large quantities of stem cells enriched for 
CD34+ and CD38- stem cells and CD34- and CD38+ stem 
cells. The isolated placenta Which has been perfused for 
tWenty-lour hours or more provides a source of large quan 
tities of stem cells enriched for CD34- and CD38- stem 
cells. 

[0091] In a preferred embodiment, embryonic-like stem 
cells obtained by the methods of the invention are viable, 
quiescent, pluripotent stem cells that exist Within a full-term 
human placenta and that can be recovered folloWing suc 
cessful birth and placental expulsion, resulting in the recov 
ery of as many as one billion nucleated cells, Which yield 
50-100 million multipotent and pluripotent stem cells. 

[0092] The human placental stem cells provided by the 
placenta are surprisingly embryonic-like, for example, the 
presence of the folloWing cell surface markers have been 
identi?ed for these cells: SSEA3—, SSEA4—, OCT-4+ and 
ABC-p". Preferably, the embryonic-like stem cells of the 
invention are characteriZed by the presence of OCT-4+ and 
ABC-p+ cell surface markers. Thus, the invention encom 
passes stem cells Which have not been isolated or otherWise 
obtained from an embryonic source but Which can be 
identi?ed by the folloWing markers: SSAE3—, SSAE4—, 
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OCT-4+ and ABC-p+. In one embodiment, the human 
placental stem cells do not express MHC Class 2 antigens. 

[0093] The stem cells isolated from the placenta are 
homogenous, and sterile. Further, the stem cells are readily 
obtained in a form suitable for administration to humans, 
i.e., they are of pharmaceutical grade. 

[0094] Preferred embryonic-like stem cells obtained by 
the methods of the invention may be identi?ed by the 
presence of the folloWing cell surface markers: OCT-4+ and 
ABC-pt. Further, the invention encompasses embryonic 
stem cells having the folloWing markers: CD10+, CD38—, 
CD29+, CD34—, CD44+, CD45—, CD54+, CD90+, SH2+, 
SH3+, SH4+, SSEA3—, SSEA4—, OCT-4+, and ABC-p+. 
Such cell surface markers are routinely determined accord 
ing to methods Well knoWn in the art, eg by How cytometry, 
folloWed by Washing and staining With an anti-cell surface 
marker antibody. For example, to determine the presence of 
CD-34 or CD-38, cells may be Washed in PBS and then 
double-stained With anti-CD34 phycoerythrin and anti 
CD38 ?uorescein isothiocyanate (Becton Dickinson, Moun 
tain VieW, Calif.). 

[0095] In another embodiment, cells cultured in the pla 
centa bioreactor are identi?ed and characteriZed by a colony 
forming unit assay, Which is commonly knoWn in the art, 
such as Mesen CultTM medium (stem cell Technologies, Inc., 
Vancouver British Columbia) The embryonic-like stem cells 
obtained by the methods of the invention may be induced to 
differentiate along speci?c cell lineages, including adipo 
genic, chondrogenic, osteogenic, hematopoietic, myogenic, 
vasogenic, neurogenic, and hepatogenic. In certain embodi 
ments, embryonic-like stem cells obtained according to the 
methods of the invention are induced to differentiate for use 
in transplantation and ex vivo treatment protocols. In certain 
embodiments, embryonic-like stem cells obtained by the 
methods of the invention are induced to differentiate into a 
particular cell type and genetically engineered to provide a 
therapeutic gene product. In a speci?c embodiment, embry 
onic-like stem cells obtained by the methods of the invention 
are incubated With a compound in vitro that induces it to 
differentiate, folloWed by direct transplantation of the dif 
ferentiated cells to a subject. Thus, the invention encom 
passes methods of differentiating the human placental stem 
cells using standard culturing media. Further, the invention 
encompasses hematopoietic cells, neuron cells, ?broblast 
cells, strand cells, mesenchymal cells and hepatic cells. 

[0096] Embryonic-like stem cells may also be further 
cultured after collection from the placenta using methods 
Well knoWn in the art, for example, by culturing on feeder 
cells, such as irradiated ?broblasts, obtained from the same 
placenta as the embryonic-like stem cells or from other 
human or nonhuman sources, or in conditioned media 
obtained from cultures of such feeder cells, in order to obtain 
continued long-terms cultures of embryonic-like stem cells. 
The embryonic-like stem cells may also be expanded, either 
Within the placenta before collection from the placental 
bioreactor or in vitro after recovery from the placenta. In 
certain embodiments, the embryonic-like stem cells to be 
expanded are exposed to, or cultured in the presence of, an 
agent that suppresses cellular differentiation. Such agents 
are Well-knoWn in the art and include, but are not limited to, 
human Delta-1 and human Serrate-1 polypeptides (see, 
Sakano et al., US. Pat. No. 6,337,387 entitled “Differentia 
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tion-suppressive polypeptide”, issued Jan. 8, 2002), leuke 
mia inhibitory factor (LIF) and stem cell factor. Methods for 
the expansion of cell populations are also knoWn in the art 
(see e.g., Emerson et al., US. Pat. No. 6,326,198 entitled 
“Methods and compositions for the ex vivo replication of 
stem cells, for the optimiZation of hematopoietic progenitor 
cell cultures, and for increasing the metabolism, GM-CSF 
secretion and/or IL-6 secretion of human stromal cells”, 
issued Dec. 4, 2001; Kraus et al., US. Pat. No. 6,338,942, 
entitled “Selective expansion of target cell populations”, 
issued Jan. 15, 2002). 

[0097] The embryonic-like stem cells may be assessed for 
viability, proliferation potential, and longevity using stan 
dard 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 cell proliferation assay (to assess 
proliferation). Longevity may be determined by methods 
Well knoWn in the art, such as by determining the maximum 
number of population doubling in an extended culture. 

[0098] In certain embodiments, the differentiation of stem 
cells or progenitor cells that are cultivated in the exsan 
guinated, perfused and/or cultured placenta is modulated 
using an agent or pharmaceutical compositions comprising 
a dose and/or doses effective upon single or multiple admin 
istration, to exert an effect suf?cient to inhibit, modulate 
and/or regulate the differentiation of a cell collected from the 
placenta. 
[0099] Agents that can induce stem or progenitor cell 
differentiation are Well knoWn in the art and include, but are 
not limited to, Ca2+, EGF, aFGF, bFGF, PDGF, keratinocyte 
groWth factor (KGF), TGF-B, cytokines (e.g., IL-1ot, IL-1[3, 
IFN-y, TFN), retinoic acid, transferrin, hormones (e.g., 
androgen, estrogen, insulin, prolactin, triiodothyronine, 
hydrocortisone, dexamethasone), sodium butyrate, TPA, 
DMSO, NMF, DMF, matrix elements (e.g., collagen, lami 
nin, heparan sulfate, MatrigelTM), or combinations thereof. 

[0100] Agents that suppress cellular differentiation are 
also Well-knoWn in the art and include, but are not limited 
to, human Delta-1 and human Serrate-1 polypeptides (see, 
Sakano et al., US. Pat. No. 6,337,387 entitled “Differentia 
tion-suppressive polypeptide”, issued Jan. 8, 2002), leuke 
mia inhibitory factor (LIF), and stem cell factor. 

[0101] The agent used to modulate differentiation can be 
introduced into the placental bioreactor to induce differen 
tiation of the cells being cultured in the placenta. Alterna 
tively, the agent can be used to modulate differentiation in 
vitro after the cells have been collected or removed from the 
placenta. 
[0102] Determination that a stem cell has differentiated 
into a particular cell type may be accomplished by methods 
Well-knoWn in the art, e.g., measuring changes in morphol 
ogy and cell surface markers using techniques such as How 
cytometry or immunocytochemistry (e. g., staining cells With 
tissue-speci?c or cell-marker speci?c antibodies), by exami 
nation of the morphology of cells using light or confocal 
microscopy, or by measuring changes in gene expression 
using techniques Well knoWn in the art, such as PCR and 
gene-expression pro?ling. 
[0103] In another embodiment, the cells cultured in the 
placenta are stimulated to produce bioactive molecules, such 
as immunoglobulins, hormones, enZymes. 
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[0104] In another embodiment, the cells cultured in the 
placenta are stimulated to proliferate, for example, by 
administration of erythropoietin, cytokines, lymphokines, 
interferons, colony stimulating factors (CSF’s), interferons, 
chemokines, interleukins, recombinant human hematopoi 
etic groWth factors including ligands, stem cell factors, 
thrombopoeitin (Tpo), interleukins, and granulocyte colony 
stimulating factor (G-CSF) or other groWth factors. 

[0105] In another embodiment, cells cultured in the pla 
centa are genetically engineered either prior to, or after 
collection from, the placenta, using, for example, a viral 
vector such as an adenoviral or retroviral vector, or by using 
mechanical means such as liposomal or chemical mediated 
uptake of the DNA. 

[0106] Avector containing a transgene can be introduced 
into a cell of interest by methods Well knoWn in the art, e.g., 
transfection, transformation, transduction, electroporation, 
infection, microinjection, cell fusion, DEAE dextran, cal 
cium phosphate precipitation, liposomes, LIPOFECTINTM, 
lysosome fusion, synthetic cationic lipids, use of a gene gun 
or a DNA vector transporter, such that the transgene is 
transmitted to daughter cells, e.g., the daughter embryonic 
like stem cells or progenitor cells produced by the division 
of an embryonic-like stem cell. For various techniques for 
transformation or transfection of mammalian cells, see 
KeoWn et al., 1990, Methods EnZymol. 185: 527-37; Sam 
brook et al., 2001, Molecular Cloning, A Laboratory 
Manual, Third Edition, Cold Spring Harbor Laboratory 
Press, NY. 

[0107] Preferably, the transgene is introduced using any 
technique, so long as it is not destructive to the cell’s nuclear 
membrane or other existing cellular or genetic structures. In 
certain embodiments, the transgene is inserted into the 
nucleic genetic material by microinjection. Microinjection 
of cells and cellular structures is commonly knoWn and 
practiced in the art. 

[0108] For stable transfection of cultured mammalian 
cells, such as cells culture in a placenta, only a small fraction 
of cells may integrate the foreign DNA into their genome. 
The ef?ciency of integration depends upon the vector and 
transfection technique used. In order to identify and select 
integrants, a gene that encodes a selectable marker (e.g., for 
resistance to antibiotics) is generally introduced into the host 
embryonic-like stem cell along With the gene sequence of 
interest. Preferred selectable markers include those that 
confer resistance to drugs, such as G418, hygromycin and 
methotrexate. Cells stably transfected With the introduced 
nucleic acid can be identi?ed by drug selection (e.g., cells 
that have incorporated the selectable marker gene Will 
survive, While the other cells die). Such methods are par 
ticularly useful in methods involving homologous recombi 
nation in mammalian cells (e.g., in embryonic-like stem 
cells) prior to introduction or transplantation of the recom 
binant cells into a subject or patient. 

[0109] A number of selection systems may be used to 
select transformed host embryonic-like cells. In particular, 
the vector may contain certain detectable or selectable 
markers. Other methods of selection include but are not 
limited to selecting for another marker such as: the herpes 
simplex virus thymidine kinase (Wigler et al., 1977, Cell 11: 
223), hypoxanthine-guanine phosphoribosyltransferase 
(SZybaiska and SZybalski, 1962, Proc. Natl. Acad. Sci. USA 
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48: 2026), and adenine phosphoribosyltransferase (LoWy et 
al., 1980, Cell 22: 817) genes can be employed in tk-, hgprt 
or aprt-cells, respectively. Also, antimetabolite resistance 
can be used as the basis of selection for the following genes: 
dhfr, Which confers resistance to methotrexate (Wigler et al., 
1980, Proc. Natl. Acad. Sci. USA 77: 3567; O’Hare et al., 
1981, Proc. Natl. Acad. Sci. USA 78: 1527); gpt, Which 
confers resistance to mycophenolic acid (Mulligan and 
Berg, 1981, Proc. Natl. Acad. Sci. USA 78: 2072); neo, 
Which confers resistance to the aminoglycoside G-418 (Col 
berre-Garapin et al., 1981, J. Mol. Biol. 150: 1); and hygro, 
Which confers resistance to hygromycin (Santerre et al., 
1984, Gene 30: 147). 

[0110] The transgene may integrate into the genome of the 
cell of interest, preferably by random integration. In other 
embodiments the transgene may integrate by a directed 
method, e.g., by directed homologous recombination (i.e., 
“knock-in” or “knock-out” of a gene of interest in the 
genome of cell of interest), Chappel, US. Pat. No. 5,272, 
071: and PCT publication No. WO 91/06667, published 
May 16, 1991; US. Pat. No. 5,464,764; Capecchi et al., 
issued Nov. 7, 1995; US. Pat. No. 5,627,059, Capecchi et al. 
issued, May 6, 1997; US. Pat. No. 5,487,992, Capecchi et 
al., issued Jan. 30, 1996). 

[0111] Methods for generating cells having targeted gene 
modi?cations through homologous recombination are 
knoWn in the art. The construct Will comprise at least a 
portion of a gene of interest With a desired genetic modi? 
cation, and Will include regions of homology to the target 
locus, i.e., the endogenous copy of the targeted gene in the 
host’s genome. DNA constructs for random integration, in 
contrast to those used for homologous recombination, need 
not include regions of homology to mediate recombination. 
Markers can be included in the targeting construct or random 
construct for performing positive and negative selection for 
insertion of the transgene. 

[0112] To create a homologous recombinant cell, e.g., a 
homologous recombinant embryonic-like stem cell, endog 
enous placental cell or exogenous cell cultured in the 
placenta, a homologous recombination vector is prepared in 
Which a gene of interest is ?anked at its 5‘ and 3‘ ends by 
gene sequences that are endogenous to the genome of the 
targeted cell, to alloW for homologous recombination to 
occur betWeen the gene of interest carried by the vector and 
the endogenous gene in the genome of the targeted cell. The 
additional ?anking nucleic acid sequences are of sufficient 
length for successful homologous recombination With the 
endogenous gene in the genome of the targeted cell. Typi 
cally, several kilobases of ?anking DNA (both at the 5‘ and 
3‘ ends) are included in the vector. Methods for constructing 
homologous recombination vectors and homologous recom 
binant animals from recombinant stem cells are commonly 
knoWn in the art (see, e.g., Thomas and Capecchi, 1987, Cell 
51: 503; Bradley, 1991, Curr. Opin. Bio/Technol. 2: 823-29; 
and PCT Publication Nos. WO 90/11354, WO 91/01140, and 
WO 93/04169. 

[0113] In one embodiment, the genome of an exogenous 
cell cultured in the placenta according to the methods of the 
invention is a target of gene targeting via homologous 
recombination or via random integration. 

[0114] In a speci?c embodiment, the methods of Bonadio 
et al. (US. Pat. No. 5,942,496, entitled Methods and com 
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positions for multiple gene transfer into bone cells, issued 
Aug. 24, 1999; and PCT WO95/22611, entitled Methods and 
compositions for stimulating bone cells, published Aug. 24, 
1995) are used to introduce nucleic acids into a cell of 
interest, such as a stem cell, progenitor cell or exogenous 
cell cultured in the placenta, e.g., bone progenitor cells. 

5.4 Uses of Cultured Placenta as a Bioreactor 

[0115] Exsanguinated and/or cultured placental cells can 
be used as a bioreactor for the cultivation of cells, tissues, 
and organs. The placental mesoderm provides an ideal 
stromal environment, including an abundance of small mol 
ecules and groWth factors, lipopolysaccharides, and extra 
cellular matrix proteins, necessary for organogenesis and 
tissue neogenesis. 

[0116] In one embodiment, the invention provides a 
method of utiliZing the isolated perfused placenta as a 
bioreactor for the propagation of exogenous cells. In accor 
dance With this embodiment, the invention relates to an 
isolated placenta Which contains a cell not derived from the 
placenta, Wherein the engraftment of said cell into the 
placenta may stimulate the placenta to produce embryonic 
like stem cells, or Wherein the engrafted cell produces 
signals, such as cytokines and groWth factors, Which may 
stimulate the placenta to produce stem cells. The placenta 
may be engrafted With cells not placental in origin obtained 
from the parents, siblings or other blood relatives of the 
infant associated With the placenta. In another embodiment, 
the isolated placenta may be engrafted With cells not pla 
cental in origin obtained from an individual Whom is not the 
infant, nor related to the infant. LikeWise, the cells, tissues, 
organoids and organs, Which are propagated and cultivated 
in the placenta may be transplanted into the infant associated 
With the placenta, the parents, siblings or other blood 
relatives of said infant or into an individual not related to the 
infant. 

[0117] In one embodiment of the invention, the placenta 
can be populated With any particular cell type and used as a 
bioreactor for ex vivo cultivation of cells, tissues or organs. 
Such cells, tissue or organ cultures may be harvested used in 
transplantation and ex vivo treatment protocols. In this 
embodiment, the placenta is processed to remove all endog 
enous cells and to alloW foreign (i.e., exogenous) cells to be 
introduced and propagated in the environment of the per 
fused placenta. Methods for removal of the endogenous cells 
are Well-knoWn in the art. For example, the perfused pla 
centa is irradiated With electromagnetic, UV, X-ray, gamma 
or beta-radiation to eradicate all remaining viable, endog 
enous cells. In one embodiment, sub-lethal exposure to 
radiations e.g., 500 to 1500 CGy can be used to preserve the 
placenta but eradicate undesired cells. For international on 
lethal v. non-lethal ioniZing radiation (see Chapter 5 “Bio 
physical and Biological Effects of IoniZing Radiation” from 
the United States Department of Defense The foreign cells 
of interest to be propagated in the irradiated placental 
bioreactor are then introduced, for example, by vascular 
perfusion or direct intra-parenchymal injection. 

[0118] In another embodiment, the bioreactor may be used 
to produce and propagate novel chimeric cells, tissues, or 
organs. Such chimeras may be created using placental cells 
and one or more additional cell types as starting materials in 
a bioreactor. The interaction, or “cross-talk” betWeen the 
















