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METHOD FOR EXPANSION OF STEM CELLS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims priority under 35 USC § 
119 to US. Provisional Application No. 60/653,390, Which 
Was ?led on Feb. 15, 2005, the disclosure of Which is hereby 
incorporated by reference in its entirety. 

FIELD OF THE INVENTION 

[0002] This invention relates to the ?eld of stem cell 
technology. More particularly, the invention describes a neW 
method for increasing the groWth of stem cells by mixing the 
stem cell culture With a medium that has been incubated With 
placental tissue. 

BACKGROUND OF THE INVENTION 

[0003] Stem cells have the ability to divide for inde?nite 
periods in culture and to give rise to specialiZed cells. 
Typically, stem cells are divided into tWo main groups: adult 
stem cells and embryonic stem cells. Stem cells may also be 
generated through arti?cial means such as nuclear transfer, 
cytoplasmic transfer, cell fusion, parthenogenesis and repro 
gramming. Isolated stem cells can give rise to many types of 
differentiated cells, and can be used to treat many types of 
diseases. 

[0004] Adult stem cells are undifferentiated but are present 
in differentiated tissues, and are capable of differentiation 
into the cell types from the tissue that the adult stem cell 
originated. Adult stem cells have been derived from various 
sources, such as the nervous system (McKay, 1997, Science 
276:66-71; Shihabuddin, et al., 1999, Mol. Med Today 
5:474-480); bone marroW (Pittenger, et al., 1999, Science 
284: 143-147; Pittenger, M. F. and Marshak, D. R. (2001) In: 
Mesenchymal stem cells of human adult bone marroW. 
Marshak, D. R., Gardner, D. K., and Gottlieb, D. eds. (Cold 
Spring Harbor, N.Y.: Cold Spring Harbor Laboratory Press) 
349-374); adipose tissue (Gronthos, et al., 2001, J. Cell. 
Physiol. 189:54-63), dermis (Toma, et al., 2001, Nature Cell 
Biol. 3:778-784); pancreas and liver (Deutsch, et al., 2001, 
Development 128:871-881). Stem cells have also been iso 
lated from umbilical cord (Rogers, et al., 2004, Best Pract 
Res Clin Obstet Gynaecol. 18(6):893-908; Wang et al., 2004, 
Stem Cells 22(7):1330-1337; Surbek, et al, 2002, Ther 
Umsch. 59(11):577-582; and placenta (Yen et al., 2005, Stem 
Cells 23(1):3-9), each of Which is incorporated by reference 
herein in its entirety. It is believed that stem cells of the adult 
type are also found in smooth muscle tissue, striated muscle 
tissue, cardiac muscle tissue, bone tissue, bone spongy 
tissue, cartilage tissue, pancreatic ductal tissue, spleen tis 
sue, thymus tissue, tonsil tissue, Peyer’s patch tissue, lymph 
nodes tissue, thyroid tissue, epidermis tissue, dermis tissue, 
subcutaneous tissue, heart tissue, lung tissue, vascular tissue, 
endothelial tissue, blood cells, bladder tissue, kidney tissue, 
digestive tract tissue, esophagus tissue, stomach tissue, 
small intestine tissue, large intestine tissue, adipose tissue, 
uterus tissue, eye tissue, lung tissue, testicular tissue, ovarian 
tissue, prostate tissue, connective tissue, endocrine tissue, 
and mesentery tissue. 

[0005] Several patents disclose various aspects of adult 
stem cells. For example, US. Pat. No. 5,556,783 discloses 
methods of culturing hair follicle stem cells, while US. Pat. 
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No. 5,486,359 discloses methods of isolating human mes 
enchymal stem cells. US. Pat. Nos. 4,714,680, 5,061,620, 
and 5,087,570 provide examples of hematopoietic stem 
cells. Each of these patents is incorporated by reference 
herein in its entirety. 

[0006] Embryonic stem cells are undifferentiated cells 
derived from the embryo. Typically these cells are extracted 
from the inner cell mass of a blastocyte and When cultured 
under the unique conditions, either alone or in combination 
With a variety of feeder cells, the embryonic stem cells 
maintain euploid karyotype, do not undergo senescence, and 
retain the ability to differentiated into cells of the endoder 
mal, ectodermal, and mesodermal lineages. 

[0007] These cells have the potential to become a Wide 
variety of specialiZed cell and tissue types, Which can then 
be used for basic research, drug discovery, and treatment (or 
prevention) of many types of diseases. Patents describing 
aspects of embryonic stem cells include US. Pat. No. 
6,506,574 to Rambhatla, US. Pat. No. 6,200,806 to Thom 
son, US. Pat. No. 6,432,711 to Dinsmore, and US. Pat. No. 
5,670,372 to Hogan, each of Which is incorporated by 
reference herein in its entirety. Importantly, murine embry 
onic stem cells can be cultured inde?nitely under the pres 
ence of leukemia inhibitory factor (LIF), Which maintains 
their undifferentiated state. In contrast, human embryonic 
stem cells are not responsive in the same manner to LIF, thus 
stimulating the invention of numerous methodologies to 
expand them. Unfortunately, many such methodologies 
involve the use of either murine feeder cells or other animal 
components, hence limiting the therapeutic potential of 
these cells. Furthermore, even When established cell lines, 
such as the federally approved embryonic stem cells, are 
cultured in murine-free conditions, contamination is still 
present as recently reported (Martin, et al., 2005, Nat Med 
11:228-232, Which is incorporated by reference herein in its 
entirety). Accordingly, one object of the invention disclosed 
is to provide novel methods of expanding stem cells in 
absence of animal components, said invention being appli 
cable to a variety of stem cells, including embryonic stem 
cells. 

[0008] The importance of technologies associated With 
expansion of stem cells, both of adult and/or embryonic 
derivation is illustrated by the numerous preclinical and 
clinical uses of these cells in treatment of a Wide range of 
diseases. 

[0009] One of the earliest clinical uses of stem cells Was 
for performing bone marroW transplants in patients With 
hematological malignancies in Which hematopoietic stem 
cells derived from the donor bone marroW Were adminis 
tered into the recipient subsequent to providing said recipi 
ent With a suf?cient dose of radiation and/or chemotherapy 
in order to ablate not only the hematological malignancy but 
also non-malignant hematopoiesis. The administration of, 
non-malignant hematopoietic stem cells resulted in donor 
speci?c hematopoiesis and in some patients, cure of the 
malignancy. This Was ?rst described by Thomas et al in 
1957, Who reported that large volumes of donor bone 
marroW could be safely infused in patients With acute 
leukemia folloWing myeloablation and that donor-speci?c 
hematopoiesis Was established (Thomas, et al., 1957, N Engl 
J Med 257:491-496, Which is incorporated by reference 
herein in its entirety). The identi?cation of similar hemato 
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poietic stem cell activity in the peripheral blood led to 
development of techniques used to mobilize and harvest 
peripheral blood hematopoietic stem cells for use in trans 
plantation settings. For example, the use of GM-CSF and 
G-CSF in enhancing the number of peripheral blood 
hematopoietic stem cells Was reported in the clinical situa 
tion of autologous transplantation subsequent to high dose 
chemotherapy (Peters, et al., 1993, Blood 8111709-1719; 
Sheridan, et al., 1992, Lancet 3391640-644, each ofWhich is 
incorporated by reference herein in its entirety). 
[0010] In addition to treatment of hematological malig 
nancies, stem cells have been utiliZed in the context of 
therapy for solid tumors. The dose limiting variable in 
cancer chemotherapy is bone marroW toxicity. Accordingly, 
in 1958, Kumick et al performed an autologous bone mar 
roW transplant to demonstrate ability of infused bone mar 
roW to alloW use of very high doses of chemotherapy and/or 
radiation therapy (Kumick, et al., 1958, Ann Intern Med 
491973-986, Which is incorporated by reference herein in its 
entirety). The use of autologous hematopoietic cell trans 
plants combined With high dose chemo/radiotherapy for 
solid tumors has been extensively investigated for breast 
(Peppercorn, et al., 2005, Cancer 10411580-1589; Dillman, 
et al., 2005, Am JClin Oncol 281281-288), colon (Leif, et al., 
1986, J Clin Oncol 411586-1591; Franchi, et al., 1994, Eur 
J Cancer 30A1 1420-1423), lung (Ziske, et al., 2002, Anti 
cancer Res 2213723-3726), nasopharyngeal cancer (Chen, et 
al., 2003, Jpn J Clin Oncol 331331-335), and other types of 
cancers (GratWohl, et al., 2004, Ann Oncol 151653-660), 
each of Which is incorporated by reference herein in its 
entirety. 
[0011] The identi?cation of the type 1 transmembrane 
protein/adhesion molecule, the sialomucin CD34 as a 
marker of hematopoietic stem cells led to the use of CD34+ 
cell selection as a means of concentrating hematopoietic 
stem cell activity (Civin, et al., 1984, J Immunol 1331157 
165, Which is incorporated by reference herein in its 
entirety). Speci?cally, it Was demonstrated that although 
bone marroW mononuclear cells contain approximately 
1-4% CD34+ cells, the administration of these cells, but not 
bone marroW depleted of CD34+cells, into lethally irradi 
ated baboons led to hematopoietic reconstitution (Berenson, 
et al., 1988, J Clin Invest 811951-955, Which is incorporated 
by reference herein in its entirety). Clinical development of 
puri?ed CD34+ cells as a source of stem cells Was originally 
sought as a method of performing bone marroW transplant 
Without contamination of donor T cells. This Would in theory 
stop development of graft versus host disease, one of the 
main causes of allogeneic transplant associated morbidity 
and mortality (Ferrara, et al., 2005, Clin Adv Hematol Oncol 
31415-419, 428, Which is incorporated by reference herein in 
its entirety). Unfortunately, clinical evidence demonstrated 
that patients receiving puri?ed CD34+ stem cell grafts, 
although having a loWer incidence of graft versus host 
disease, also had a higher incidence in leukemic relapse due 
to an immunologically mediated graft versus leukemia effect 
that is absent When donor bone marroW grafts are depleted 
of T cells (Martino, et al., 2000, Haematologica 8511165 
1171; Butt, et al., 2003, Leuk Lymphoma 4411509-1513, 
each of Which is incorporated by reference herein in its 
entirety). The critical importance of bone marroW derived T 
cells in the induction and upkeep of graft versus leukemia 
effects Was illustrated in studies of leukemic patients Who 
have relapsed and Were subsequently treated by infusion of 
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donor T cells. This induced a long-term remission in the 
patients that had major relapse (Kolb, H. 1., 1998, Vox Sang 
74 Suppl 21321-329; Guglielmi, et al., 2002, Blood 1001397 
405, each of Which is incorporated by reference herein in its 
entirety). Furthermore, it Was also observed that under some 
conditions, bone marroW derived non-CD34 cells of the 
osteoblast lineage have a role in facilitating engraftment in 
allogeneic settings (Good, R. A., 2000, World J Surg 241797 
810, Which is incorporated by reference herein in its 
entirety). Despite these potential draWbacks, clinical use of 
CD34+ cells both from mobiliZed peripheral blood, as Well 
as bone marroW, during autologous transplantation for high 
dose chemo/radiation therapy Was considered to be a useful 
approach (Korbling, et al., 2001, Blood 9812900-2908; 
Pecora, et al., 2001, Bone Marrow Transplant 2711245 
1253; Pecora, A. L., 1999, Bone Marrow Transplant 23 
Suppl 21S7-12, each of Which is incorporated by reference 
herein in its entirety). This is due to the fact that in this 
setting, neither facilitator cells are needed, since the graft is 
autologous, and the CD34+ selection substantially clears the 
marroW of contaminating tumor cells, so that the risk of 
tumor relapse is lessened as opposed to using non-puri?ed 
bone marroW (Preti, et al., 2001, Cytotherapy 3185-95; 
Siena, et al., 2000, J Clin Oncol 1811360-1377; Vannucchi, 
et al., 1998, Br JHaematol 1031610-617, each of Which is 
incorporated by reference herein in its entirety). 
[0012] The use of hematopoietic stem cells has also been 
described for “reprogramming” the immune system to 
induce an antigen-speci?c state of non-responsiveness 
called tolerance. Speci?cally, this use can be divided into 
tWo main areas: the use of stem cells to induce donor 
speci?c tolerance during allogeneic or xenogeneic trans 
plantation, and the use of stem cells to induce tolerance in 
situations of autoimmunity. Although common mechanisms 
of tolerance maintenance such as generation of T regulatory 
cells, effector T cell depletion, and effector T cell anergy 
have been described in both types of tolerance, the mecha 
nism of induction seems to be different; therefore We Will 
describe them individually. 

[0013] The possibility of bone marroW hematopoietic 
stem cells having the utility of inducing tolerance to a 
grafted organ Was ?rst elaborated on by OWens in the 1940s. 
In studies demonstrating that in utero mixing of blood in the 
context of shared circulation betWeen tWo genetically dif 
ferent coWs, he observed bilateral transplantation tolerance 
in adulthood. Accordingly, he postulated that the original 
sharing of circulation may have contributed to the state of 
tolerance Which theoretically should not have existed due to 
the genetic disparity betWeen the siblings. Furthermore, 
de?nitive roles for using stem cells to induce tolerance came 
from Billingham and MedaWar in the 1950s in experiments 
shoWing injection of donor bone marroW cells into neonates 
alloWed for tolerance to the donor antigen When the animal 
reached adulthood (Slavin, S., 2002, Int J Hematol 76 Suppl 
11172-175, Which is incorporated by reference herein in its 
entirety). In animal models it has been demonstrated that 
bone marroW cells contribute to generation of a donor 
speci?c tolerogenic state Which is associated With chimeric 
hematopoiesis. The combination of donor-speci?c bone 
marroW transplant, With solid organs, has been used in some 
clinical situations to induce complete tolerance to the grafted 
organ Without the need for chronic, continuous immune 
suppression (George, et al., 2002, Immunol Res 261119-129, 
Which is incorporated by reference herein in its entirety). 



US 2006/0182724 A1 

Unfortunately, wide spread use of bone marrow induced 
tolerance is limited by the fact that bone marrow transplan 
tation is associated with a high degree of morbidity and 
mortality during the myeloablative phase. In addition, the 
possibility of graft versus host disease is another pitfall to 
the full-scale implementation. In order to overcome this, 
several methods of inducing partial chimerism, or mini 
chimerism are being investigated through the use of non 
myeloid ablative techniques such as donor-speci?c transfu 
sions combined with anti CD154 antibodies (Seung, et al., 
2003, J Clin Invest 112:795-808, which is incorporated by 
reference herein in its entirety). Induction of organ tolerance 
by hematopoietic stem cells is believed to occur through 
both thymic dependent (Noris, et al., 2001, J Am Soc 
Nephrol 12:2815-2826, which is incorporated by reference 
herein in its entirety), and independent (van Pel, et al., 2003, 
Transpl Immunol 11:375-384, which is incorporated by 
reference herein in its entirety) mechanisms. Speci?cally, 
donor hematopoietic cells generate a variety of both lym 
phoid and non-lymphoid cells that express the same antigens 
found in the donor organ, but somehow redirect the immune 
system not to attack these speci?c antigens, while maintain 
ing responses against other antigens not related to the graft. 
One mechanism that is postulated to occur is the thymic 
stromal tissue in the recipient becomes populated with 
donor-derived cells. These cells then act at the level of 
negative selection in order to induce apoptosis of T cells 
reactive to the donor antigen in a similar way to which the 
immune system deletes autoreactive T cells during thymic 
selection (ShiZuru, et al., 2000, Proc Natl Acad Sci U SA 
97:9555-9560, which is incorporated by reference herein in 
its entirety). Another mechanism of tolerance involves the 
persistent presentation of donor antigen in absence of 
costimulatory molecules. This was demonstrated in one 
situation by the fact that persistence of T cells from the 
donor bone marrow is essential in maintaining tolerance 
(Xu, et al., 2004, J Immunal 172:1463-1471, which is 
incorporated by reference herein in its entirety). The mes 
enchymal component of the bone marrow produces a cell 
population that consitutively secretes immune inhibitory 
factors such as IL-10 and TGF-b while presenting antigens 
(Liu, et al., 2004, Transplant Proc 36:3272-3275; Togel, et 
al., 2005, Am JPhysiol Renal Physiol 289:F31-42, each of 
which is incorporated by reference herein in its entirety). 
This is believed to further inhibit immunity in an antigen 
speci?c manner. During T cell activation, two general sig 
nals are required for the T cell in order to mount a productive 
immune response, the ?rst signal is recognition of antigen, 
and the second is recognition of costimulatory or coinhibi 
tory signals. Mesenchymal cells present antigens to T cells 
but provide a coinhibitory signal, thus speci?cally inhibiting 
T cells that recogniZe them, and other cells expressing 
similar antigens. Finally, the fact that CD34+ cells express 
the T cell killing molecule FasL has been postulated as 
another mechanism of tolerogenesis. Indeed transplantation 
of bone marrow from mice with a mutated FasL did not 
induce tolerogenesis in recipients (George, et al., 1998, Nat 
Med 4:333-335, which is incorporated by reference herein in 
its entirety). 

[0014] The potential of using hematopoietic cell trans 
plantation for autoimmunity derives from the belief that the 
immune system can be deleted and recapitulated, but in such 
a manner to “reset the clock” so that autoreactive T cells will 

not re-appear (Muraro, et al., Renewing the T cell repertoire 
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to arrest autoimmune aggression. Trends Immun0l., e-pub 
lished on Jan. 4, 2006, which is incorporated by reference 
herein in its entirety). Speci?cally, it is known that the 
process of autoimmunity requires the failure of several 
self-tolerance mechanisms before clinical presentation 
appears. These include: a) self-reactive T cell deletion in the 
thymus; b) anergy/deletion of self reactive T cells in the 
periphery; c) failure of the regulatory T cell activity; and d) 
the presence of in?ammation or antigen release in order to 
allow expansion of the autoreactive T cell clone. During 
autoimmunity the failure of all of these systems is usually a 
culmination of environmental and genetic factors occurring 
over a protracted period of time. Accordingly if the immune 
system could be made to “start anew” the normal tolerogenic 
processes would again be reactivated and the disease would 
be cured, at least temporarily. To date clinical use of 
autologous stem cells has been performed for a variety of 
autoimmune indications, including rheumatoid arthritis 
(Jantunen, et al., 1999, ScandJRheumalol 28:69-74, which 
is incorporated by reference herein in its entirety), multiple 
sclerosis (Karussis, et al., 2004, J Neurol Sci 223:59-64; 
Brodsky, et al., 1999, Curr Opin Oncol 11:83-86, each of 
which is incorporated by reference herein in its entirety), 
systemic lupus erythromatosis (Brunner, et al., 2002, Arthri 
zis Rheum 46:1580-1584; Burt, et al., 2006, Jama 295:527 
535, each of which is incorporated by reference herein in its 
entirety), and systemic sclerosis (V1ganego, et al., 2000, 
Curr Rheumalol Rep 2:492-500, which is incorporated by 
reference herein in its entirety). According to a report in 
2005, approximately 700 patients in total have received an 
autologous stem cells for autoimmune diseases with a posi 
tive bene?t/risk ratio that has led to initiation of phase III 
prospective randomiZed controlled trials (Tyndall, et al., 
2005, Clin Exp Immunol 141:1-9, which is incorporated by 
reference herein in its entirety). 

[0015] Induction of tolerance through hematopoietic stem 
cell transplantation, either from bone marrow or peripheral 
blood sources possesses the intrinsic danger of bone marrow 
failure during ablation of the recipient immune system. 
Although non-myeloablative protocols are under develop 
ment, even these carry the risk of immune suppression due 
to the lymphoablation. Accordingly there is a need in the art 
to develop novel methods of either expanding hematopoietic 
stem cells ex vivo in large enough quantities to guarantee 
graft take, as well as methods of in vivo expanding the stem 
cells and their progeny so that the period under which the 
transplant recipient is immunosuppressed is minimized. 
[0016] Stem cell therapy has also been performed in the 
context of administration of mesenchymal stem cells, with 
out the hematopoietic component, for induction of tolerance. 
It was demonstrated in a murine model that ?k-1+Sca-1 
mesenchymal cell transplantation leads to permanent donor 
speci?c immunotolerance in allogeneic host and results in 
long-term allogeneic skin graft acceptance (Deng, et al., 
2004, Exp Hematol 32:861-867, which is incorporated by 
reference herein in its entirety). Other studies have shown 
that mesenchymal stem cells are inherently immunosuppres 
sive through production of PGE-2, interleukin-10 and 
expression of the tryptophan cataboliZing enZyme indoleam 
ine 2,3,-dioxygenase as well as Galectin-l (Kadri, et al., 
2005, Stem Cells Dev 14:204-212; Ryan, et al., 2005, J 
In?amm (Land) 2:8, each of which is incorporated by 
reference herein in its entirety). These stem cells also have 
the ability to non-speci?cally modulate the immune 
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response through the suppression of dendritic cell matura 
tion and antigen presenting abilities (Beyth, et al., 2005, 
Blood 105:2214-2219; AggarWal, et al., 2005, Blood 
105: 1815-1822, each of Which is incorporated by reference 
herein in its entirety). Functional induction of allogeneic T 
cell apoptosis Was also demonstrated using freshly isolated, 
irradiated, or long-term cultured mesenchymal stem cells 
(Plumas, et al., 2005, Leukemia 19:1597-1604, Which is 
incorporated by reference herein in its entirety). Others have 
also demonstrated that mesenchymal stem cells have the 
ability to preferentially induce expansion of antigen speci?c 
T regulatory cells With the CD4+ CD25+ phenotype (Mac 
cario, et al., 2005, Haematologica 90:516-525, Which is 
incorporated by reference herein in its entirety). Supporting 
the potential clinical utility of such cells, it Was previously 
demonstrated that administration of mesenchymal stem cells 
inhibits antigen speci?c T cell responses in the murine 
model of multiple sclerosis, experimental autoimmune 
encephalomyelitis, leading to prevention and/or regression 
of pathology (Zappia, et al., 2005, Blood 106:1755-1761, 
Which is incorporated by reference herein in its entirety). 
Safety of infusing mesenchymal stem cells Was illustrated in 
studies administering 1-2.2><106 cells/kg in order to enhance 
engraftment of autologous bone marroW cell. No adverse 
events Were associated With infusion, although level of 
engraftment remained to be analyZed in randomiZed trials 
(Koc, et al., 2000, J Clin Oncol 18:307-316, Which is 
incorporated by reference herein in its entirety). In a 
matched pair analysis study, it Was demonstrated that in vitro 
expanded mesenchymal stem cells reduced both acute and 
chronic graft versus host disease in the allogeneic bone 
marroW transplant setting. Clinical administration of mes 
enchymal stem cells Was reported in a patient suffering 
severe, grade IV graft versus host disease in the liver and gut 
subsequent to bone marroW transplant. Administration of 
2x10 cells/kg on day 73 after bone marroW transplant lead 
to a long term remission of graft versus host disease, Which 
Was maintained at the time of publication, 1 year subsequent 
to administration of the mesenchymal stem cells (Le Blanc, 
et al., 2004, Lancet 363:1439-1441, Which is incorporated 
by reference herein in its entirety). A feasibility study in 46 
patients receiving mesenchymal cells prior to transplant 
revealed a favorable safety pro?le and is encouraging further 
dose ?nding studies (Lazarus, et al., 2005, Biol Blood 
Marrow Transplant 11:389-398, Which is incorporated by 
reference herein in its entirety). Unfortunately, mesenchy 
mal cell expansion is relatively sloW and in many situations 
is not practical for Widespread clinical use. The development 
of novel methods of expanding stem cell populations, as for 
example the methods thought in the present invention, are 
likely to increase use of this therapeutically promising cell 
population. 

[0017] There is evidence that embryonic stem cells are 
also capable of inducing immunological tolerance. Indeed, 
coculture of alloreactive T cells With embryonic T cells 
demonstrated an antigen-speci?c inhibitory effect (Li, et al., 
2004, Stem Cells 22:448-456, Which is incorporated by 
reference herein in its entirety). Data is still preliminary in 
this area, and the problem of embryonic stem cells inducing 
teratomas currently precludes their use for this indication. 
An alternative method of immune modulation using embry 
onic stem cells is the generation of de?ned immunological 
cells that can be used directly, or tailored to possess speci?c 
desired properties through modi?cation of culture condi 
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tions or gene manipulation. For example, it Was demon 
strated that the murine model of multiple sclerosis, experi 
mental autoimmune encephalomyelitis can be successfully 
treated With dendritic cells generated from embryonic stem 
cell cultures that have been manipulated to present the MOG 
autoantigen in the presence of TRAIL, a molecule knoWn to 
induce T cell apoptosis (Hirata, et al., 2005, J Immunol 
174: 1 888-1897, Which is incorporated by reference herein in 
its entirety). Generation of such tailor-made immunological 
cells Would greatly expand the clinical armamentarium of 
immunotherapy, hoWever, this is limited by the currently 
lack of methodologies for expanding stem cells in a GMP/ 
GTP compliant and feasible manner. 

[0018] One of the main therapeutic uses for stem cells is 
in the area of regenerative medicine. The concept of regen 
erative medicine is to restore or enhance the ability of tissues 
to self-organize and heal themselves folloWing endogenous 
or exogenous injury. Although examples of the use of stem 
cells for tissue regeneration are almost limitless, several are 
overvieWed beloW. This should not be taken as an exhaustive 
literature revieW, but rather a general discussion for example 
purposes in order to stimulate one skilled in the art to further 
investigate this ?eld. 

[0019] Bone marroW stem cells have been extensively 
investigated for repair of myocardial tissue subsequent to 
infarction. Early studies by Orlic demonstrated that admin 
istration of GFP c-kit +, lineage —, bone marroW into ligation 
induced myocardial infarct area resulted in regeneration of 
myocardial and endothelial tissue by the donor cells (Orlic, 
et al., 2001, Nature 410:701-705, Which is incorporated by 
reference herein in its entirety). Subsequent studies have 
used mesenchymal bone marroW cells treated With the DNA 
methyltransferase inhibitor 5-aZa-cytidine to not only trans 
dilferentiate into myocardial tissue, but also to improve left 
ventricular ejection fraction and inhibit cardiac remodeling 
(Tomita, et al., 1999. Circulation 100:II247-256, Which is 
incorporated by reference herein in its entirety). Importantly, 
similar experiments Were performed in porcine models of 
infarction, also indicating improvement in cardiac function 
(Tomita, et al., 2002, J Thorac Cardiovasc Surg 12311132 
1140, Which is incorporated by reference herein in its 
entirety). Accordingly, clinical experiments Were performed 
administering autologous bone marroW cells directly into the 
myocardium during coronary bypass grafting. In a series of 
experiments initiated in 1999, 5 patients treated had no 
adverse effects, With objective vasculariZation enhancement 
in the area of stem cell administration as detected by nuclear 
imaging (Hamano, et al., 2001, Jpn Circ J 65:845-847, 
Which is incorporated by reference herein in its entirety). A 
subsequent study administering AC133 puri?ed bone mar 
roW stem cells into the infarct area in 12 patient during 
bypass grafting demonstrated a marked improvement in left 
ventricular ejection fraction, a decreased rate of remodeling, 
and improved perfusion (Stamm, et al., 2004, T horac Car 
diovasc Surg 52:152-158, Which is incorporated by refer 
ence herein in its entirety). Administration of stem cells into 
coronary circulation or directly into the myocardium has 
also been performed both in the angina setting, as Well as 
subsequent to cardiac infarct in order to enhance angiogen 
esis, and prevent remodeling, respectively. In patients With 
end stage angina, administration of autologous bone marroW 
cells using the NOGA catheter system in 14 patients resulted 
in improved ejection fraction from a baseline of 20% to 29% 
(P=0.003) and a reduction in end-systolic volume (P=0.03) 
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in the treated patients. Furthermore, electromechanical map 
ping revealed signi?cant mechanical improvement of the 
injected segments (P<0.0005) at 4 months after treatment 
(Perin, et al., 2003, Circulation 107:2294-2302, Which is 
incorporated by reference herein in its entirety). Improve 
ments Were also notably maintained in the same patient 
population at 1-year folloW-up (Perin, E., 2004, IntJ Cardiol 
95 Suppl 1:S45-46, Which is incorporated by reference 
herein in its entirety). Transcoronary administration of bone 
marroW cells in patients post-myocardial infarction induced 
an improvement at 6 months in regional and global LV 
function, increased thickness of the infarcted Wall, and 
shoWed a reduction in myocardial remodeling as determined 
by a decrease in the end-systolic volume (FemandeZ-Aviles, 
et al., 2004, Circ Res 95:742-748, Which is incorporated by 
reference herein in its entirety). In another study, patients 
post myocardial infarction Were transplanted With autolo 
gous bone marroW cells via a balloon catheter placed into the 
infarct-related artery during balloon dilatation (percutaneous 
transluminal coronary angioplasty), resulting in decreased 
infarct siZe, improved Wall motion score, and a decrease in 
ventricular remodeling (Strauer, et al., 2002, Circulation 
106: 1913-1918, Which is incorporated by reference herein in 
its entirety). Randomized trials are currently underWay using 
autologous bone marroW stem cells for increasing cardiac 
function post myocardial infarction although results are still 
controversial and inconclusive (Assmus, et al., 2002, Cir 
culation 106:3009-3017; Cleland, et al., 2006, Eur JHeart 
Fail 8:105-110, each of Which is incorporated by reference 
herein in its entirety). In addition to bone marroW hemato 
poietic cells, other types of stem cells have been utiliZed for 
improvement in myocardial activity, perfusion, and decreas 
ing ventricular remodeling. These include mesenchymal 
stem cells (Chen, et al., 2004, Chin MedJ(Engl) 117:1443 
1448, Which is incorporated by reference herein in its 
entirety), endothelial stem cells (Aoki, et al., 2005, J Am 
Coll Cardiol 45:1574-1579, Which is incorporated by refer 
ence herein in its entirety), and skeletal myoblasts (Ye, et al., 
2006. Exp Biol Med (Maywood) 231:8-19, Which is incor 
porated by reference herein in its entirety). A limiting factor 
in presently used cellular therapies for myocardial dysfunc 
tion is the lack of ability to induce transdilferentiation of the 
stem cells into the desired cardiac tissue in a directed 
manner. Additionally, methods do not exist for expanding 
su?icient numbers of semi-differentiated progenitor stem 
cells that possess a high proclivity for repairing the heart. 
This draWback is in part due to lack of proper culture 
mediums for expansion of such unique cell populations. The 
current invention addresses this issue. 

[0020] The importance of stem cells inducing regeneration 
of other organ systems has been shoWn in a variety of 
settings. In a pathological setting, it Was reported that bone 
marroW derived stem cells are the precursors of stomach 
epithelial tissue in Helicobacter pylori infected mice that 
progresses to the develop stomach cancer (Houghton, et al., 
2004, Science 306:1568-1571, Which is incorporated by 
reference herein in its entirety). In a therapeutic setting, 
administration of Green Fluorescent Protein (GFP) bone 
marroW stem cells into rats With ethanol-induced ulcers 
resulted in generation of GFP expressing, cytokeratin-posi 
tive epithelial cells and vimentin-positive interstitial cells, 
contributing to a decreased pathology in the stem cell 
recipients (Komori, et al., 2005, J Gastroenterol 40:591 
599, Which is incorporated by reference herein in its 
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entirety). The human bone marroW derived Flk1(+)/CD31(— 
)/CD34(—) cell population Was reported to transdilferenti 
ated into a variety of tissues, including stomach epithelium 
When injected into non-obese diabetic, severe combined 
immunode?cient (NOD-SCID) mice, thus suggesting 
human stem cells also possess such transdilferentiation 
ability (Fang, et al., 2003, J Hematother Stem Cell Res 
12:603-613, Which is incorporated by reference herein in its 
entirety). Stomach-homing capacity to injured tissue of 
human stem cells Was demonstrated human mesenchymal 
stem cells infused systemically in NOD-SCID mice that 
received radiation to the abdominal area. This resulted in a 
speci?c rise in stem cell engraftment exclusively to the 
irradiated areas (Francois, et al., Local irradiation induces 
not only homing of human Mesenchymal Stem Cells 
(hMSC) at exposed sites but promotes their Widespread 
engraftment to multiple organs: A study of their quantitative 
distribution folloWing irradiation damages. Stem Cells, 
e-published on Dec. 8, 2005, Which is incorporated by 
reference herein in its entirety). It is anticipated that since 
stem cells can selectively home to the injured stomach area, 
addition of factors to alloW expansion once already homed 
into the injured tissue Will increase therapeutic ef?cacy of 
stem cell therapies. The invention teaches methods of 
expanding cells that have already homed to an injured tissue. 

[0021] The use of stem cells has also been applied to liver 
disease. It is knoWn that partial hepatectomy leads to mobi 
liZation of an AC133+stem cell population in clinical situ 
ations (Gehling, et al., 2005, JHepatol 431845-853, Which 
is incorporated by reference herein in its entirety). Further 
more, studies using carbon tetrachloride induced liver injury 
have demonstrated a therapeutic effect of bone marroW 
?k-1+ cell infusion (Fang, et al., 2004, Transplantation 
78:83-88, Which is incorporated by reference herein in its 
entirety). It is believed that liver damage induces expression 
of several chemokines, including stromal derived factor-1 
(SDF-l) Which attracts stem cells into the damaged areas 
(Hatch, et al., 2002, Cloning Stem Cells 4:339-351, Which is 
incorporated by reference herein in its entirety). Therapeutic 
mobilization of endogenous stem cells using granulocyte 
colony stimulating factor (G-CSF) has also demonstrated 
protective effects in liver injury models (Quintana-Busta 
mante, et al., 2006, Hepatology 43:108-116, Which is incor 
porated by reference herein in its entirety). It is anticipated 
that since stem cells can selectively home to the injured 
hepatic area, addition of factors to alloW expansion once 
already homed into the injured tissue Will increase thera 
peutic ef?cacy of stem cell therapies. The invention teaches 
methods of expanding cells that have already homed to an 
injured tissue. 
[0022] Stem cells have also been useful for treatment of 
neurological de?ciencies in a variety of situations. Admin 
istration of fetal stem cells in the form of mesenchphalic 
tissue into the striatal area of Parkinson’s disease (PD) 
patients have demonstrated that grafted dopaminergic neu 
rons can reinnervate the striatum, restore regulated dopam 
ine release and movement-related frontal cortical activation, 
and result in observable clinical bene?t (Lindvall, et al., 
2004, NeuroRx 1:382-393, Which is incorporated by refer 
ence herein in its entirety). Patients suffering from stroke 
have also been treated by implantation of autologous mes 
enchymal stem cells into the middle cerebral arterial terri 
tory. Improvements Were seen in some functional indexes 
such as the Barth’s score (Bang, et al., 2005, Ann Neurol 
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571874-882; Rabinovich, et al., 2005, Bull Exp Biol Med 
1391126-128, each of Which is incorporated by reference 
herein in its entirety). A Wide variety of neurological indi 
cations are currently under investigation for amenability to 
stem cell therapy (Kulbatski, et al., 2005, Curr Drug Targets 
61111-126; Zhu, et al., 2005, Curr Drug Targets 6197-110, 
each of Which is incorporated by reference herein in its 
entirety). Unfortunately, ethical issues associated With the 
use of fetal tissue, as Well as inability to de?ne the activities 
and functions of neurally injected stem cells hampers 
progress in the ?eld. Development of novel culture and 
expansion methodologies for stem cell applications is there 
fore an important area of issue. 

SUMMARY OF THE INVENTION 

[0023] In one aspect of the invention, a method of pre 
paring live placenta conditioned media (LPCM) is disclosed. 
Said LPCM is prepared through contacting a media suitable 
for maintaining cellular viability in vitro With at least a 
portion of a placenta under conditions alloWing transfer of 
molecules from said placenta into said media. 

[0024] In one embodiment of the invention, the placenta 
may be a hemochorial, epitheliochorial, or endotheliocho 
rial. In a preferred embodiment the placenta is hemochorial. 
The placenta can be collected subsequent to vaginal delivery 
or collected pre-term by cesarean section, depending on 
biological properties desired. The placenta can be brought in 
contact With said media through immersing said placenta in 
media, through co-culture of placental tissue in said media, 
or through perfusion of said media through the placenta in 
a discontinuous or continuous manner. The placenta can be 
in its entirety or dissected into individual units or cellular 
components. Contact betWeen said placenta and media can 
be achieved through a ?lter apparatus Whereby molecules of 
a speci?c siZe are alloWed to permeate through said ?lter, 
Whereas molecules of a larger siZe are excluded. 

[0025] In one embodiment of the invention, a full term 
placenta obtained from a vaginal delivery is exanguinated 
and Washed in saline using an anticoagulant. LPCM is 
produced through perfusing said placenta in a continuous 
circuit using a peristaltic pump preset for a volume of 
perfusion suf?cient to maintain placental integrity. The 
peristaltic pump can cause How of the perfusion solution in 
a pulsatile or non-pulsatile manner. In another embodiment, 
other means of passaging media through the placenta may be 
employed such as a syringe ?lled With media. 

[0026] In some embodiments, LPCM is collected from the 
perfused solution at a time-point suf?cient to alloW transfer 
of molecules With desired biological properties from the 
placenta to the media. Temperature, pH, intravasular pres 
sure, ?oW rate, oxygen and carbon dioxide concentrations, 
as Well as osmolarity of the perfusion solution may be 
monitored and adjusting accordingly to achieve desired 
properties of the LPCM. Attachment of the perfusion system 
to said placenta may be accomplished by perfusion of media 
through the umbilical artery(s) and collection through the 
umbilical vein and/or through the exterior of the placental 
structure through dilfusion. Subsections of the placenta may 
be perfused individually for example the truncal branch of 
the chorionic artery supplying a selected cotyledon and the 
associated vein may be perfused on the fetal side, or 
selective maternal circulation as described in studies per 
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fusing placenta for detection of maternal to fetal drug 
transfer (Forestier, et al., 2001, Am J Obstet Gynecol 
1851178-181, Which is incorporated by reference herein in 
its entirety). Media chosen for perfusion may be an isotonic 
solution, a buffered solution, or a solution capable of func 
tioning as a groWth medium. The groWth media can contain, 
if desired, a groWth factor, combinations of groWth factors, 
or substantial nutrient content alloWing for increased viabil 
ity of the placenta to be perfused. Additional agents may be 
introduced into the perfusion solution, including agents to 
prevent clotting, maintain pH, or to maintain a desired 
osmolarity or oxygen content. For example heparin, buffers, 
ZWitterions, or arti?cial/natural oxygen carriers can be 
added. Agents inhibiting apoptosis such as caspase inhibi 
tors can also be incorporated in order to preserve certain 
functions of placental tissue. The contacting step betWeen 
the groWth media and the placenta can occur, for example, 
at a temperature range of from about 32° C. to about 40° C. 

[0027] Another embodiment of the current invention 
involves modi?cation of placental conditions through either 
upregulating or inhibiting oxygen content in the placenta in 
order to modify groWth factor release. 

[0028] In another aspect of the invention, a method for the 
expansion or groWth of stem cells is provided, by incubating 
at least a portion of a placenta in a groWth medium to 
condition the medium, and contacting at least one stem cell 
With the groWth medium hemochorial, epitheliochorial, or 
endotheliochorial. In a preferred embodiment the placenta is 
hemochorial. The placenta may be collected subsequent to 
vaginal delivery or collected pre-term by cesarean section, 
depending on biological properties desired. In a preferred 
embodiment the placenta is hemochorial. The stem cell can 
be, for example, a mesenchymal stem cell, or a fetal stem 
cell. The stem cells can be derived from an umbilical cord, 
such as, for example, from umbilical cord blood. The stem 
cells can be derived from an umbilical cord that expresses a 
CD34+ cell marker. The umbilical cord stem cells and said 
placenta can be derived, for example, from a mammal, such 
as a human. The groWth medium can also contain, if desired, 
a groWth factor, combinations of groWth factors, or substan 
tial nutrient content alloWing for increased viability of the 
stem cells. The incubating step can occur, for example, at a 
temperature range of from about 32° C. to about 40° C. The 
placenta can be removed from the medium prior to the 
contacting step, if desired. The placenta can either be 
perfused With the medium or it may be cultured in the 
medium at conditions that alloW for release of groWth 
factors. 

[0029] Further embodiments include a method of optimiZ 
ing groWth factor production from said placenta conditioned 
media through the use of ?lters that separate compositions 
based on electrical charge, siZe or ability to elute from an 
adsorbent. Numerous techniques are knoWn in the art for 
puri?cation of groWth factors and concentration of said 
agents. For some particular uses the placental conditioned 
medium Will be suf?cient for use in its current format and 
Will not require concentration, hoWever numerous other uses 
may. In order to identify and standardiZe placental condi 
tioned media, one embodiment of the invention is the 
concept of “units of activity” for quanti?cation of LPCM 
activity in Which 1 Unit of LPCM is suf?cient to stimulate 
a biological activity sought to a certain degree. Depending 
on use, this can be stimulation of a standardized cell culture 
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to proliferate by a certain percentage, in other desired uses 
the Unit may designate the amount needed to inhibit differ 
entiation a speci?ed culture condition by a de?ned percent 
age. 

[0030] The use of placental conditioned media as a com 
bination to knoWn cocktails is also an embodiment of the 
invention. In addition to actual soluble components already 
used in stem cell culture medias, LPCM can be used to 
synergiZe With plate-bound stimulators, as Well as antibodies 
and other methods knoWn in the art to induce cycling in a 
stem cell. These are Well knoWn in the art and include 
contact-dependent factors including heparan sulfate-bound 
cytokines such as members of the ?broblast groWth factor 
family (de Haan, et al., 2003, Dev Cell 4:241-251, Which is 
incorporated by reference herein in its entirety), and ligands 
of VLA-4 and -5 (Jung, et al., 2005, Cylokine 32:155-162, 
Which is incorporated by reference herein in its entirety), as 
Well as antibodies to TGF-[3 (Imbert, et al., 1998, Exp 
Hematol 26:374-381, Which is incorporated by reference 
herein in its entirety). 

[0031] In some embodiments of the invention, a method 
for the expansion or groWth of stem cells is provided, by 
incubating at least a portion of a placenta in a groWth 
medium to condition the medium, and contacting at least one 
stem cell With the groWth medium. The stem cell can be a) 
A totipotent cell such as an embryonic stem cell, an extra 
embryonic stem cell, a cloned stem cell, a parthenogenesis 
derived cell; b) A pluripotent cell such as a hematopoietic 
stem cell, an adipose derived stem cell, a mesenchymal stem 
cell, a cord blood stem cell, a placentally derived stem cell, 
an exfoliated tooth derived stem cells, a hair follicle stem 
cell or a neural stem cell; or c) A tissue speci?c progenitor 
cell such as a precursor cell for the neuronal, hepatic, 
nephrogenic, adipogenic, osteoblastic, osteoclastic, alveolar, 
cardiac, intestinal, or endothelial lineage. The incubating 
step can occur, for example, at a temperature range of from 
about 32° C. to about 400 C. The placenta can be removed 
from the medium prior to the contacting step, if desired. 

[0032] An additional embodiment of the invention teaches 
addition of certain factors to the perfusion mixture used to 
perfuse said placenta such that the placenta generates endog 
enous groWth factors, Which are capable of either stimulat 
ing stem cell expansion on their oWn, or having synergy With 
other groWth factors. 

[0033] In additional embodiments of the invention, a 
method for the expansion or groWth of umbilical cord stem 
cells is provided, by contacting at least one stem cell With a 
liquid that has been incubated With at least a portion of a 
placenta. The contacting step can occur, for example, after 
the incubating step. The contacting step can occur simulta 
neously With the incubating step. The incubating step can 
occur, for example from about 1 second to about 3 Weeks. 
The incubating step can occur, for example, from about 24 
hours to about 10 days. The contacting step can occur, for 
example, from about 1 second to about 3 Weeks. The 
contacting step can occur, for example, from about 24 hours 
to about 10 days. The stem cells can be stored, for example, 
prior to the contacting step using a freeZing process. 

[0034] Another embodiment is the use of LPCM alone or 
in combination With other approaches expanding cells that 
have been generated for a speci?c phenotype, and are at risk 
of losing the phenotype that Was arti?cially endoWed upon 
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them. Speci?cally, it is knoWn that administration of a 
certain compounds to stem cells induces differentiation into 
certain lineage-speci?c progenitors. For example, addition 
of thrombopoietin alone or in combination With interleukin 
11 to early hematopoietic stem cells Will promote the 
preferential production of megakaryocytic progenitors. One 
embodiment of the current invention is the ability of LPCM, 
alone or in combination With other groWth factors and/or 
culture conditions to maintain and expand the neW pheno 
type of the differentiated progenitor cell Without stimulation 
of terminal differentiation. For example, subsequent to 
increasing the numbers of megakaryocytic progenitors in a 
stem cell culture, LPCM may be added to maintain said 
progenitors and expand their numbers. 

[0035] Another embodiment of the invention relates to 
generation and expansion of cells expressing a desired 
phenotype through cytoplasmic reprogramming Wherein the 
cytoplasmic extracts of a cell With a desired property are 
introduced into the cytoplasm of a recipient cell With the aim 
of introducing the properties of the donor cell into the 
recipient cell (Hakelien, et al., 2002, Nat Biotechnol 20:460 
466, Which is incorporated by reference herein in its 
entirety). Such reprogramming can be useful for generating 
autologous stem cells from non-stem cells of a patient by 
introduction of cytoplasm from the stem cell of an alloge 
neic patient. One draWback of this technology has been the 
limited ability to expand the reprogrammed cell after intro 
duction of cytoplasm Without differentiation. Accordingly, 
the invention teaches the use of LPCM either alone or in 
combination With other factors in order to induce expansion 
of the reprogrammed cell. 

[0036] An aspect of the invention is the use of LPCM as 
an adjuvant to currently used stem cell feeder-free mixtures 
that are currently limited by ability to achieve desired 
expansion of stem cells of the phenotype sought. 

[0037] Another embodiment of the invention is a stimu 
lator of proliferation of totipotent stem cells such as such as 
human embryonic stem cells characterized by expression of 
markers such as SSEA-4, GCTM-2 antigen, TRA 1-60, 
Cripto, gastrin-releasing peptide (GRP) receptor, podoca 
lyxin-like protein (PODXL), or human telomerase reverse 
transcriptase (hTERT). The LPCM can be used as a stimu 
lator of proliferation alone or as an additive to media knoWn 
to be useful for culturing said cells. An example of such a 
tissue culture media is Dulbecco’s modi?ed Eagle’s medium 
(DMEM). In an ideal embodiment LPCM is used in such a 
manner and under such conditions so as to alleviate the need 
for serum or feeder cells in the culture of human embryonic 
stem cells. 

[0038] Another embodiment of the invention is a stimu 
lator of proliferation of totipotent stem cells generated by 
cloning through the use of nuclear transfer technologies. The 
LPCM can be used as a stimulator of proliferation alone or 
as an additive to media knoWn to be useful for culturing said 
cells. 

[0039] Another embodiment of the invention is a stimu 
lator of proliferation of totipotent stem cells such as such as 
human oocyte producing stem cells characterized by expres 
sion of markers such Vasa, Oct-4, DaZl, Stella, Fragilis, 
Nobox, c-Kit and Sca-1. The LPCM can be used as a 
stimulator of proliferation alone or as an additive to media 
knoWn to be useful for culturing said cells. 
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[0040] Another embodiment of the invention is a stimu 
lator of proliferation of totipotent stem cells such as such as 
parthenogenetically generated stem cells characterized by 
expression of markers such Oct-4, alkaline phosphatase, 
telomerase, SSEA-4, TRA 1-60 and TRA 1-81. The LPCM 
can be used as a stimulator of proliferation alone or as an 

additive to media knoWn to be useful for culturing said cells. 

[0041] Another embodiment of the invention is a stimu 
lator of proliferation of totipotent stem cells such as such as 
spermatogonial stem cells reprogrammed to pluripotent 
germ-line stem cells characterized by expression of markers 
such Oct-4, Nanog, Dppa5 and Rexl. The LPCM can be 
used as a stimulator of proliferation alone or as an additive 
to media knoWn to be useful for culturing said cells. 

[0042] Another embodiment of the invention is the gen 
eration of totipotent stem cells through the steps of: a) 
treating bone marroW cells With LPCM in combination With 
sera from a female in a period of the menstrual cycle 
associated With upregulation of oocyte stem cell markers in 
the bone marroW; b) addition of a calcium ?ux inducing 
agent to activate said oocyte precursors into the process of 
parthenogenesis; c) purifying cells expressing embryonic 
stem cell markers such as SSEA-4, TRA 1-60 or TRA 1-81; 
and d) expanding said cells in a culture media containing 
LPCM alone or in combination With agents and conditions 
knoWn to induce totipotent stem cell proliferation. 

[0043] Another embodiment of the invention is a stimu 
lator of proliferation of pluripotent stem cells such as 
hematopoietic stem cells characterized by markers such as 
Stem Cell Antigen (SCA+), lineage negative (lin—), c-kit+, 
CD34+, CD38—, CD33—. The LPCM can be used as a 
stimulator of proliferation alone or as an additive to media 
knoWn to be useful for culturing said cells. 

[0044] Another embodiment of the invention is a stimu 
lator of proliferation of pluripotent stem cells such as 
mesenchymal stem cells characterized by markers such as 
LFA-3, lCAM-l, PECAM-l, P-selectin, L-selectin, CD49b/ 
CD29, CD49c/CD29, CD49d/CD29, CD61, CD18, CD29, 
6-19, thrombomodulin, telomerase, CD10, CD13, STRO-l, 
STRO-2,VCAM-1, CD146, THY-1. The LPCM can be used 
as a stimulator of proliferation alone or as an additive to 
media knoWn to be useful for culturing said cells. 

[0045] Another embodiment of the invention is a stimu 
lator of proliferation of pluripotent stem cells such as 
placentally derived multipotent cells characterized by mark 
ers such as Oct-4, Rex-1, CD9, CD13, CD29, CD44, 
CD166, CD90, CD105, SH-3, SH-4, TRA-1-60, TRA-1-81, 
SSEA-4 and Sox-2. The LPCM can be used as a stimulator 
of proliferation alone or as an additive to media knoWn to be 
useful for culturing said cells. 

[0046] Another embodiment of the invention is a stimu 
lator of proliferation of pluripotent stem cells such as 
adipose-derived stem cells characterized by markers such as 
CD13, CD29, CD44, CD63, CD73, CD90, CD166, Alde 
hyde dehydrogenase (ALDH), and ABCG2. The LPCM can 
be used as a stimulator of proliferation alone or as an 
additive to media knoWn to be useful for culturing said cells. 

[0047] Another embodiment of the invention is a stimu 
lator of proliferation of pluripotent stem cells such as cord 
blood stem cells characterized by markers such as CD34, 
c-kit, and CXCR-4. The LPCM can be used as a stimulator 
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of proliferation alone or as an additive to media knoWn to be 
useful for culturing said cells. 

[0048] Another embodiment of the invention is a stimu 
lator of proliferation of pluripotent stem cells such as 
deciduous tooth stem cells characterized by markers such as 
STRO-l, CD146 (MUC18), alkaline phosphatase, MEPE, 
and bFGF. The LPCM can be used as a stimulator of 
proliferation alone or as an additive to media knoWn to be 
useful for culturing said cells. 

[0049] Another embodiment of the invention is a stimu 
lator of proliferation of progenitor stem cells such as neural 
stem cells characterized by markers such as RC-2, 3CB2, 
BLB, Sox-2hh, GLAST, Pax 6, nesting, Muashi-l, and 
prominin. The LPCM can be used as a stimulator of prolif 
eration alone or as an additive to media knoWn to be useful 
for culturing said cells. 

[0050] Another embodiment of the invention is a stimu 
lator of proliferation of progenitor stem cells such as a 
stomach epithelial stem cell characterized by markers such 
as Musashi-l, c-hairy-1 and HES-5. The LPCM can be used 
as a stimulator of proliferation alone or as an additive to 
media knoWn to be useful for culturing said cells. 

[0051] Another embodiment of the invention is a stimu 
lator of proliferation of progenitor stem cells such as a 
skeletal muscle stem cell characterized by markers such as 
desmin positive, SCA-1+, CD45- and possessing a side 
population pro?le on How cytometry by dye exclusion 
(Challen, et al., 2006, Stem Cells 2413-12, which is incor 
porated by reference herein in its entirety). The LPCM can 
be used as a stimulator of proliferation alone or as an 
additive to media knoWn to be useful for culturing said cells. 

[0052] Another embodiment of the invention is a stimu 
lator of proliferation of progenitor stem cells such as a 
mammary gland stem cell characterized by markers such as 
SCA-1 positive, CD45- and keratin-6. The LPCM can be 
used as a stimulator of proliferation alone or as an additive 
to media knoWn to be useful for culturing said cells. 

[0053] Another embodiment of the invention is a stimu 
lator of proliferation of progenitor stem cells such as a 
dermal stem cell characterized by markers such as SCA-1 
positive, CD34+, CD45- and positive for alpha6-integrin, 
beta1-integrin, keratin 14, and keratin 19. The LPCM can be 
used as a stimulator of proliferation alone or as an additive 
to media knoWn to be useful for culturing said cells. 

[0054] Another embodiment of the invention is a stimu 
lator of proliferation of progenitor stem cells such as a 
myocardial stem cell characterized by markers such as 
SCA-1 positive, c-kit positive, and possessing a side popu 
lation pro?le on How cytometry by dye exclusion (Challen, 
supra). The LPCM can be used as a stimulator of prolifera 
tion alone or as an additive to media knoWn to be useful for 
culturing said cells. 

[0055] Another embodiment of the invention is a stimu 
lator of proliferation of progenitor stem cells such as a 
mesangial stem cell characterized by markers such as SCA-1 
positive, c-kit positive, and possessing a side population 
pro?le on How cytometry by dye exclusion (Challen, supra). 
The LPCM can be used as a stimulator of proliferation alone 
or as an additive to media knoWn to be useful for culturing 
said cells. 
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[0056] Another embodiment of the invention is a stimu 
lator of proliferation of progenitor stem cells such as a 
hepatic oval stem cell characterized by markers such as 
SCA-l positive, c-kit positive, and CD34 positive. The 
LPCM can be used as a stimulator of proliferation alone or 
as an additive to media knoWn to be useful for culturing said 
cells. 

[0057] Another embodiment of the invention is a stimu 
lator of proliferation of progenitor stem cells such as a 
pancreatic stem cell characterized by markers such as nestin, 
CK-8, CK-l8, Isl-l, Pdx-l, Pax-4, and Ngn-3. The LPCM 
can be used as a stimulator of proliferation alone or as an 
additive to media knoWn to be useful for culturing said cells. 

[0058] Another embodiment of the invention is the admin 
istration of LPCM into a subject in order to stimulate the 
proliferation and expansion of endogenous stem cells that 
have been activated as part of the healing process after 
injury. 
[0059] Another embodiment of the invention is the admin 
istration of LPCM into a subject in order to stimulate the 
proliferation and expansion of endogenous stem cells that 
have been mobiliZed from the bone marroW to a target organ 
as a result of injury. 

[0060] Another embodiment of the invention a treatment 
for a degenerative condition by the application of a combi 
nation of LPCM With knoWn therapies in order to enhance 
the bene?cial effects of knoWn therapies. 

[0061] Another embodiment of the invention an adjuvant 
to therapies, interventions, or accidents that destroy or 
inactivate stem cells With the goal of accelerating stem cell 
reconstitution. Examples of situations Where accidental stem 
cell destruction occurs Would include a nuclear event. 

[0062] Within the embodiments of the invention is the use 
of LPCM, or extracts thereof, to enhance proliferation of 
stem cells Within a living organism. Administration of such 
media can be performed systemically, or in a localiZed 
environment. Clinical situations Where administration of 
such placentally conditioned media is desirable can include 
conditions Where an increase in the number of stem cells is 
sought due to disease or senescence of endogenous stem 
cells. Speci?c aspects of this include conditions in Which a 
higher number and/or more rapid recovery of stem cells is 
needed after a medical procedure. One such situation Would 
be post bone marroW transplant Where expansion of hemato 
poietic cells is desirable in order for the patient not to 
succumb to bacterial or viral infections. Speci?cally, LPCM 
may be used in conjunction With a groWth factor that 
stimulates preferential differentiation of the bone marroW 
stem cell into the granulocytic and/or monocytic lineage 
such as G-CSM or GM-CSF. Such an expansion of granu 
locytic and monocytic precursors Would be useful in enhanc 
ing immunological defenses subsequent to a bone marroW 
transplant. If clinically desirable the number of endogenous 
dendritic cells can also be expanded through administration 
of cytokines such as ?t-3L in combination With LPCM. 
Accordingly, this invention provides methods and compo 
sitions that can be administered to a patient having under 
gone a bone marroW transplant that Will enhance prolifera 
tion and bone marroW take. 

[0063] Yet another embodiment is supporting the expan 
sion of endogenous stem cells after a injury has occurred and 
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the endogenous stem cells are mobiliZed or begin to differ 
entiated, but do not do so at high enough levels to stimulate 
a bene?cial response. Said endogenous stem cells can be 
present in pancreatic tissue, liver tissue, smooth muscle 
tissue, striated muscle tissue, cardiac muscle tissue, bone 
tissue, bone marroW tissue, bone spongy tissue, cartilage 
tissue, liver tissue, pancreas tissue, pancreatic ductal tissue, 
spleen tissue, thymus tissue, Peyer’s patch tissue, lymph 
nodes tissue, thyroid tissue, epidermis tissue, dermis tissue, 
subcutaneous tissue, heart tissue, lung tissue, vascular tissue, 
endothelial tissue, blood cells, bladder tissue, kidney tissue, 
digestive tract tissue, esophagus tissue, stomach tissue, 
small intestine tissue, large intestine tissue, adipose tissue, 
uterus tissue, eye tissue, lung tissue, testicular tissue, ovarian 
tissue, prostate tissue, connective tissue, endocrine tissue, 
and mesentery tissue. 

[0064] Another embodiment is the use of LPCM as a 
source of angiogenic/endothelial cell migration/proliferation 
factor for the stimulation of angiogenesis in a patient in need 
thereof. The amount of angiogenic stimulatory activity can 
be increased in the LPCM through perfusing the placenta 
under conditions of hypoxia or near hypoxia. LPCM can be 
used alone or in combination With knoWn angiogenesis 
promoters. The angiogenic promoters can include proteins 
such as FGF-l, FGF-2, VEGF, transcription factors such as 
the Hypoxia Inducible Factor (HIP-l), or small molecule 
stimulators of endothelial proliferation such as an arti?cial 
agonist of an angiogenically relevant receptor. Proteins may 
be administered locally to the patient through means such as 
intramuscular injection, or systemically. Additionally, genes 
encoding angiogenically stimulatory groWth factors may be 
delivered in the form of naked plasmid DNA, adenoviruses, 
or other means knoWn to one skilled in the art. Additionally, 
LPCM can be administered in combination With stem cells 
capable of inducing angiogenesis for augmenting the ability 
of said stem cells. Said stem cells may be derived from a 
variety of tissue, such as adipose, cord blood, placenta, bone 
marroW, peripheral blood, or groWth factor/chemotherapy 
mobiliZed peripheral blood. In addition, the cells to be 
administered can be allogeneic or autologous. For some 
purposes, cells can be matched according to the Human 
Leukocyte Antigen haplotype. 

[0065] Medical conditions amenable to such treatments 
may include peripheral limb ischemia, myocardial angina, 
mesenteric ischemia, ischemia reperfusion injury and gen 
eral circulatory disorders. 

[0066] Another embodiment of the invention is the use of 
LPCM alone or in combination With groWth factors to 
promote healing. In one aspect, scarless healing is promoted 
through concentration of factors such as TGF-b Within the 
LPCM through selective puri?cation of LCMP fractions 
containing this TGF-b or similar proteins involved in tissue 
repair Without promotion of ?brosis. Altematively, LPCM 
can be administered in conjunction With antibodies or inhibi 
tors to ?brosis promoting cytokines or factors. 

[0067] Another embodiment of the invention is the use of 
LPCM for cosmetic purposes in order to enhance skin 
rejuvenation. LPCM can be administered in a variety of 
dermatologically applicable formulations, either alone or in 
combination With other factors capable of restoring certain 
properties to skin. Additionally, LPCM can be used in 
combination With agents capable of de-dilferentiating skin 
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such as histone deacetylase inhibitors, DNA methylase 
inhibitors, or other epigenetically acting compounds in order 
to allow expansion of local dermal precursor cells. Such 
stem cell expansion can be tailored to alloW formation of 
skin With appearances desirable to the common population. 

[0068] Another embodiment of the invention is a treat 
ment for diabetes by administering LPCM in combination 
With factors capable of inducing islet regeneration. These 
factors can be, for example, soluble proteins, membrane 
bound proteins or intracellular acting transcription factors. 
For example, it is knoWn that administration into mice 
combinations of GLP-1, EGF and gastrin leads to regenera 
tion of islets or islet-like cells that are functionally effective 
in models like NOD or streptoZocin induced diabetes (Bon 
ner-Weir, et al., 2005, Nat Biotechnol 231857-861, Which is 
incorporated by reference herein in its entirety). When these 
experiments Were translated to humans, only a marginal 
therapeutic effect Was seen, and this Was observed only in a 
small subset of patients (von Herrath, M., 2005, Curr Opin 
Inveslig Drugs 611037-1042, Which is incorporated by ref 
erence herein in its entirety). The invention teaches that use 
of placental conditioned media can be added to cultures of 
differentiating islets in vitro to expand numbers, but can also 
be added to a patient in vivo in order to amplify the relatively 
minute effect that the hormones are evoking in terms of 
differentiation induction. 

[0069] Another embodiment of the invention a treatment 
for multiple sclerosis utilizing LPCM for expanding neu 
ronal progenitors and subsequent reintroduction of said 
progenitors into a host in need thereof. Alternatively, LPCM 
can be administered into patients suffering from multiple 
sclerosis in combination With agents capable of inhibiting 
the autoimmune process. Synergy in therapeutic effects is 
anticipated through the concurrent induction of tissue heal 
ing and immune system repair. 

[0070] Another embodiment of the invention is the treat 
ment of an immunological disorder, such as an autoimmune 
disorder, by extracting hematopoietic cells from an autolo 
gous patient, treating the cells With LPCM and/or other 
combinations of stem cell expanding compounds, ablating 
the immune system of the patient, and subsequent reintro 
duction of stem cells into the host for reconstitution. LPCM 
may be subsequently provided to the host in order to 
accelerate reconstitution of hematopoiesis. Autoimmune 
diseases treatable by these procedures include, but are not 
limited to, Type 1 diabetes, multiple sclerosis, rheumatoid 
arthritis, systemic sclerosis, Hashimoto’s thyroiditis, myas 
thenia gravis, scleroderma, systemic lupus erythromatosis, 
graft versus host disease, and the like. 

[0071] Another embodiment of the invention in relation to 
autoimmune diseases, and also transplant rejection, involves 
the use of LPCM for expansion of antigen-speci?c and/or 
non-speci?c immune regulatory cells for use in controlling 
a pathological immune response. It is knoWn that cells such 
as Th2 cells (Christen, et al., 2004, Immunol Res 301309 
325), Th3 cells (Prud’homme, et al., 2000, JAuZoimmun 
14123-42), TR1 cells (Bacchetta, et al., 2005, Auloimmun 
Rev 41491-496), CD4+CD25+FoxP3+ cells (Bluestone, et 
al., 2005, Curr Opin Immunol 171638-642), and CD3+ 
double negative cells (Zhang, et al., 2001, J Mol Med 
791419-427), each of Which is incorporated by reference 
herein in its entirety, are capable of suppressing immune 
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responses in an antigen speci?c manner, Whereas NKT cells 
(Van Kaer, L., 2005, Nat Rev Immunol 5131-42), myeloid 
suppressor cells (Sera?ni, et al., 2004, Cancer Immunol 
Immunolher 53164-72), M2 cells (Rauh, et al., 2004, Bio 
chem Soc Trans 321785-788), and immature dendritic cells 
(lchim, et al., 2003, Transpl Immunol 111295-306), each of 
Which is incorporated by reference herein in its entirety, are 
capable of suppressing immune responses in an antigen 
non-speci?c manner. Despite the fact that all of these cells 
have potential therapeutic value, their clinical development 
has been hindered by lack of methodology for expansion ex 
vivo and maintenance of function subsequent to expansion. 
The invention teaches the use of LPCM for use in ex vivo 
culture and expansion of immune regulatory cells derived 
from a patient in need thereof. LPCM may be used either 
alone or in combination With factors knoWn to be involved 
in the development of said cells. Alternatively, immune 
regulatory cells can be generated through the use of stem 
cells through exposure to factors involved in their develop 
ment and LPCM being added to enhance proliferation of 
said cells Without loss of function. 

[0072] Another embodiment of the invention is a treat 
ment for stroke comprising induction of in vitro differen 
tiation of neural precursor cells using a conditioning regi 
men, expansion of said cells using LPCM, and 
reintroduction of said cells into a patient in need thereof. 
Alternatively, in vivo differentiation of endogenous neural 
cells can be accomplished by administration of polypeptides 
and proteins knoWn in the art. Subsequent or concurrent With 
this differentiation, administration of LPCM may be given in 
order to expand neural cells. 

[0073] Another embodiment is the use of LPCM in storage 
and transportation of stem cells in order to maintain viabil 
ity, mobility and stem cell function. LPCM may be used 
alone or added to a variety of agents knoWn in the art to 
alloW transportation of stem cells. This is particularly impor 
tant in situations of bone marroW stem cell transportation in 
Which cell freeZing and thaWing is not performed in numer 
ous situations. The ability to adequately store stem cells 
during transportation Would alloW for tissue extraction at 
separate physical locations from the stem cell processing 
facility. 

[0074] Another embodiment of the invention is the use of 
LPCM alone or in combination With other factors for 
maintaining stem cells in a totipotent, pluripotent, or pro 
genitor state While alloWing suf?cient viability and prolif 
eration ex vivo so as to be useful for gene therapy. Said gene 
therapy can be used for introducing neW genes into a host in 
need thereof. Genes may be introduced by a Wide range of 
approaches knoWn in the art including adenoviral, adeno 
associated, retroviral, lentiviral, Kunjin virus, or HSV vec 
tors, as Well as electroporation and Sleeping Beauty trans 
posons. Additionally, gene therapy can include selectively 
silencing genes through the use of antisense, riboZyme or 
RNA interference technologies. 

[0075] In some embodiments of the invention, a method 
for the expansion or groWth of stem cells Without substan 
tially inducing differentiation is provided, by incubating at 
least a portion of a placenta in a groWth medium to condition 
the medium, and contacting at least one stem cell With the 
groWth medium. The at least one stem cell can be, for 
example, totipotent, capable of differentiating into cells of 
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all histological types of the body. The totipotent stem cell 
can be selected, for example, from an embryonic stem cell, 
an extra-embryonic stem cell, a cloned stem cell, a parthe 
nogenesis derived cell. The embryonic stem cell can 
express, for example, one or more of the following markers: 
stage-speci?c embryonic antigens (SSEA) 3, SSEA 4, Tra 
1-60 and Tra-1-81, Oct-3/4, Cripto, gastrin-releasing peptide 
(GRP) receptor, podocalyxin-like protein (PODXL), or 
human telomerase reverse transcriptase (hTERT). The 
hematopoietic stem cells can express, for example, one or 
more of the folloWing markers: CD34, c-kit, and the mul 
tidrug resistance transport protein (ABCG2). The adipose 
derived stem cells can express, for example, one or more of 

the folloWing markers: CD13, CD29, CD44, CD63, CD73, 
CD90, CD166, Aldehyde dehydrogenase (ALDH), and 
ABCG2. The mesenchymal stem cells can express, for 
example, one or more of the folloWing markers: STRO-l, 
CD105, CD54, CD106, HLA-I markers, vimentin, ASMA, 
collagen-1, and ?bronectin, but not HLA-DR, CD117, and 
hemopoietic cell markers. The cord blood stem cells can 
express, for example, one or more of the folloWing markers: 
CD34, c-kit, and CXCR-4. The placental stem cells can 
express, for example, one or more of the folloWing markers: 

Oct-4, Rex-1, CD9, CD13, CD29, CD44, CD166, CD90, 
CD105, SH-3, SH-4, TRA-1-60, TRA-1-81, SSEA-4 and 
Sox-2. The exfoliated deciduous tooth stem cells can 
express, for example, one or more of the folloWing markers: 
STRO-l, CD146 (MUC18), alkaline phosphatase, MEPE, 
and bFGF. The neural stem cell can be characterized, for 
example, by expression of RC-2, 3CB2, BLB, Sox-2hh, 
GLAST, Pax 6, nesting, Muashi-1, and prominin. The at 
least one stem cell can be pluripotent, capable of differen 
tiating into numerous cells of the body, but not all. The 
pluripotent stem cell can be selected from hematopoietic 
stem cells, adipose stem cells, mesenchymal stem cells, cord 
blood stem cells, placental stem cells, exfoliated teeth 
derived stem cells, hair follicle stem cells or neural stem 
cells. The at least one stem cell can be a progenitor cell, 
capable of differentiating into a restricted tissue type. The 
progenitor stem cell can be selected from, for example, 
neuronal, hepatic, nephrogenic, adipogenic, osteoblastic, 
osteoclastic, alveolar, cardiac, intestinal, endothelial pro 
genitor cells. 

[0076] In some embodiments of the present invention, a 
method for the expansion or groWth of stem cells Without 
substantially inducing differentiation is provided, by incu 
bating at least a portion of a placenta in a groWth medium to 
condition the medium, and contacting at least one stem cell 
With the groWth medium. The placenta can be derived from 
a mammal. The placenta can be derived from a human. The 
placenta can be derived preterm. The placenta can be 
derived at term. The placenta can be perfused for a period of 
time With a cell culture media. The cell culture media can be 
supplemented, for example, With a single or a plurality of 
groWth factors. The groWth factors can be selected from, for 
example, a WNT signaling agonist, TGF-b, bFGF, IL-6, 
SCF, BMP-2, thrombopoietin, EPO, IGF-l, IL-11, IL-5, 
Flt-3/Flk-2 ligand, ?bronectin, LIF, HGF, NFG, angiopoi 
etin-like 2 and 3, G-CSF, GM-CSF, Tpo, Shh, Wnt-3a, Kirre, 
or a mixture thereof. The media can be capable of main 
taining viability of a substantial portion of the placental 
tissue during the perfusion process. The media can be 
selected, for example, from RosWell Park Memorial Institute 
(RPMI-1640), Dublecco’s Modi?ed Essential Media 
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(DMEM), Eagle’s Modi?ed Essential Media (EMEM), 
Optimem, and Iscove’s Media. The source of serum can be 
added to the media. The concentration of serum in the media 
can be approximately betWeen 0.1% to 25%. The concen 
tration of serum in the media can be approximately 10%. 
The serum can be selected from adult human serum, fetal 
human serum, fetal calf serum and umbilical cord blood 
serum. The contacting step can occur after the incubating 
step. The contacting step can occur simultaneously With the 
incubating step. The incubating step can occur from about 1 
second to about 3 Weeks. The incubating step can occur from 
about 24 hours to about 10 days. The contacting step can 
occur from about 1 second to about 3 Weeks. The contacting 
step can occur from about 24 hours to about 10 days. The 
placenta can be, for example, a hemochorial, epitheliocho 
rial, or endotheliochorial placenta. The perfusion can be 
accomplished, for example, through the use of a perfusion 
apparatus cannulated to blood vessels connected to the 
placental body. The perfusion apparatus can alloW for con 
trol of intravasular pressure, oxygen content, carbon dioxide 
content, pH, and How rate of the perfused media ?oWing 
through the placental blood vessels. The intravasular pres 
sure of the perfusate can be maintained, for example, at 
30-80 Hg. The intravasular pressure of the perfusate can be 
maintained at 60 Hg. 

[0077] In an additional embodiment of the present inven 
tion, a stem cell With the preserved ability to proliferate, but 
having a block in differentiation state is provided, Which can 
be induced by culturing in media conditioned by perfusion 
through a live placenta. The stem cell can be selected, for 
example, from a totipotent stem cell, a pluripotent stem cell, 
and a progenitor stem cell. The stem cell can be maintained 
in contact With the conditioned media, for example, for a 
period of less than 1 second, 2 hours, 12 hours, 24 hours, 72 
hours, or 3 Weeks or more. The stem cell can be maintained 
in contact With the conditioned media in a living organism. 
The contact betWeen the conditioned media and the stem cell 
can be prolonged by formulating the conditioned media in a 
sloW release delivery system. The stem cell can be initially 
cultured in contact With the placentally conditioned media 
for a period of time, subsequently to Which it can be cultured 
in a second culture With a different concentration of placen 
tally conditioned media and an identical or variable mix of 
cytokines. The stem cell can be initially cultured for 48 
hours in a concentration of 20-100% placentally conditioned 
media, Whereas in subsequent cultures it can be maintained 
in a concentration of 0-50% conditioned media. The stem 
cell can be maintained in a cell culture media that can be 
supplemented With at least one groWth factor selected from 
the group consisting of WNT signaling agonist, TGF-b, 
bFGF, IL-6, SCF, BMP-2, thrombopoietin, EPO, IGF-l, 
IL-11, IL-5, Flt-3/Flk-2 ligand, ?bronectin, LIF, HGF, NFG, 
angiopoietin-like 2 and 3, G-CSF, GM-CSF, Tpo, Shh, 
Wnt-3a, Kirre, and a mixture thereof. The stem cell can be 
maintained in a 50% by volume placentally conditioned 
DMEM media With the folloWing groWth factors also in 
DMEM media: IL-3 (about 20 ng/ml), IL-6 (about 250 
ng/ml), SCF (about 10 ng/ml), TPO (about 250 ng/ml), 
?t-3L (about 100 ng/ml). The stem cell can be maintained in 
the presence of an agent selected from one or more of the 
folloWing: an inhibitor of GSK-3, an inhibitor of histone 
deacetylase activity, and inhibitor of DNA methyltransferase 
activity. The stem cell can be rejuvenated by at fusion With 
a more primitive stem cell, transfer of cytoplasm from more 
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primitive stem cells, and/or transfer of karyoplastic extracts 
from a more primitive stem cell. 

[0078] In an additional embodiment of the present inven 
tion, a method of treating degenerative diseases through 
administration of a composition of matter derived from 
media conditioned by a live placenta is provided. The 
degenerative disease effects a tissue selected from the group 
consisting of: smooth muscle tissue, striated muscle tissue, 
cardiac muscle tissue, bone tissue, bone spongy tissue, 
nervous system tissue, cartilage tissue, pancreatic ductal 
tissue, spleen tissue, thymus tissue, tonsil tissue, Peyer’s 
patch tissue, lymph nodes tissue, thyroid tissue, epidermal 
tissue, dermal tissue, subcutaneous tissue, heart tissue, lung 
tissue, vascular tissue, endothelial tissue, blood cells, blad 
der tissue, kidney tissue, digestive tract tissue, esophagus 
tissue, stomach tissue, small intestine tissue, large intestine 
tissue, adipose tissue, uterus tissue, eye tissue, lung tissue, 
testicular tissue, ovarian tissue, prostate tissue, connective 
tissue, endocrine tissue, and mesentery tissue. The placenta 
conditioned media can be administered in combination With 
an agent capable of inducing stem cell expansion. The 
placenta conditioned media can be administered in combi 
nation With an agent capable of inducing stem cell differ 
entiation into cells of the tissue in need of repair. The agent 
capable of inducing stem cell expansion can be selected 
from TPO, SCF, IL-l, IL-3, IL-7, ?t-3L, G-CSF, GM-CSF, 
Epo, FGF-l, FGF-2, FGF-4, FGF-20, VEGF, activin-A, IGF, 
EGF, NGF, LIF, PDGF, and a member of the bone morpho 
genic protein family. The agent capable of inducing stem 
cell differentiation can be selected from HGF, cardiotrophin, 
BDNF, VEGF, FGFl, FGF2, FGF4, and FGF 20. The 
placental conditioned media can be concentrated to a suffi 
cient extent to alloW systemic administration While retaining 
biological effects. The placental conditioned media can be 
calibrated for speci?c Units of Activity based on a desired 
biological property. The biological activity can be the ability 
to stimulate proliferation of a de?ned culture of CD34 stem 
cells by 50%. The placentally conditioned media can be 
administered according to biomarkers of stem cell activity in 
the patient in need of treatment. The biomarker may be 
either an indicator of disease activity, or an indicator of stem 
cell regeneration. The clinically applicable agent that pos 
sesses stem cell mobilizing activity can be administered in 
conjunction With the placentally conditioned media and/or 
the stem cell proliferation inducing groWth factor, and/or the 
inducer of stem cell di?ferentation. The stem cell mobilizing 
agent may be an antibody, a small molecule, or a protein. 
The stem cell mobilizing agent can be an antibody to 
CXCR-4. The stem cell mobilizing agent can be either a 
small molecular inhibitor of CXCR-4, or a statin. The stem 
cell mobilizing agent can be, for example, a cytotoxic 
chemotherapy knoWn to mobilize stem cells, or can be a 
groWth factor such as G-CSF. The dedilferentiation agent 
can be used for expanding the differentiation potential of the 
stem cells. The dedi?ferentiation agent can be, for example, 
an inhibitor of the enzyme GSK-3, and inhibitor of the 
histone deacetylase family of enzymes, or an inhibitor of 
DNA methyltransferase activity. The dedilferentiation 
agents can be, for example, trichostatin A, valproic acid, 
buphenyl, or 5-azacytidine. 

[0079] In an additional embodiment of the present inven 
tion, a method of treating degenerative diseases is provided, 
by administering a differentiating agent to selectively 
expand a population of pluripotent or progenitor cells, While 
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concurrently administering live placental conditioned media 
in order to induce proliferation of the committed stem cell. 

[0080] In an additional embodiment of the present inven 
tion, a method of expanding stem cells that have been 
therapeutically reprogrammed is provided, by contacting the 
cells With media that has been conditioned by a live pla 
centa. The therapeutic reprogramming can be accomplished 
by introduction into the target cell to be reprogrammed 
agents capable of acting at the epigenetic level to modify the 
cellular transcriptosome into a desired phenotype. The target 
cell can be fused With another cell of a more primitive state 
of differentiation. The cell can be temporarily permeabilized 
and cytoplasmic and/or karyoplasmic extracts are intro 
duced into the cell from another cell of a more primitive 
state of differentiation. 

[0081] In an additional embodiment of the present inven 
tion, a method of accelerating hematopoietic recovery in a 
patient in need thereof is provided, by administering pla 
centally conditioned media. In some embodiments, the 
patient has been treated With chemotherapy, and/or radio 
therapy With the scope of either ablating or diminishing the 
immune system. The patient can have been treated, for 
example, With chemotherapy, and/or radiotherapy With the 
scope of eradicating or ameliorating a malignancy. The 
patient can have been induced into a state of reduced 
hematopoiesis as a result of chemical or radiation poisoning. 
In some embodiments, the patient Was not administered a 
cellular graft to enhance recovery of the hematopoietic 
system. The patient can have been administered either cord 
blood derived, peripheral blood derived, or bone marroW 
derived hematopoietic stem cells or progenitors thereof. The 
patient can be administered placentally conditioned media 
intravenously at a concentration suf?cient to accelerate 
recovery of early hematopoietic progenitors. The patient can 
be administered placentally conditioned media at a concen 
tration of 10-500 Units of placentally conditioned media per 
kilogram per day, the Units based on a logarithmic scale in 
Which 1 Unit can be suf?cient to stimulated proliferation of 
a de?ned cell culture of CD34+ cells by 100% compared to 
control media. The 1 Unit can be de?ned on a logarithmic 
scale as the amount of placentally conditioned media needed 
to stimulate proliferation of a 200 pL culture of 5x103 
human cord blood isolated CD34+. The patient can be 
treated intravenously, or through other means, With placental 
conditioned media for a period of time needed to obtain a 
granulocyte count of 500/mm3. The patient can be treated 
intravenously, or through other means, With placental con 
ditioned media for a period of time betWeen 7 days to 15 
days. The groWth factor can be concurrently given With the 
administration of placentally conditioned media. The groWth 
factor can be selected from G-CSF, pegylated G-CSF, TPO, 
IL-ll, GM-CSF, or ?t-3L. 

[0082] In an additional embodiment of the present inven 
tion, a method of treating patient With tissue ischemia 
through induction of endothelial stem cell expansion using 
placentally conditioned media is provided. The ischemia can 
be present, for example, in at least one tissue selected from 
smooth muscle tissue, striated muscle tissue, cardiac muscle 
tissue, bone tissue, bone spongy tissue, nervous system 
tissue, cartilage tissue, pancreatic ductal tissue, spleen tis 
sue, thymus tissue, tonsil tissue, Peyer’s patch tissue, lymph 
nodes tissue, thyroid tissue, epidermis tissue, dermis tissue, 
subcutaneous tissue, heart tissue, lung tissue, vascular tissue, 
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endothelial tissue, blood cells, bladder tissue, kidney tissue, 
digestive tract tissue, esophagus tissue, stomach tissue, 
small intestine tissue, large intestine tissue, adipose tissue, 
uterus tissue, eye tissue, lung tissue, testicular tissue, ovarian 
tissue, prostate tissue, connective tissue, endocrine tissue, 
and mesentery tissue. The ischemia can be presenting, for 
example, as advanced angina. The placentally conditioned 
media can be concentrated and administered into the 
ischemic myocardium using the minithoracotomy proce 
dure. The placentally conditioned media can be concentrated 
and administered into the ischemic myocardium using the 
NOGA electromagnetic mapping and injection system. The 
placentally conditioned media can be concentrated and 
administered into the ischemic myocardial area using a 
balloon catheter. A secondary agent can be added that can be 
capable of inducing proliferation of differentiated and undif 
ferentiated endothelial cells. The secondary agent can be, for 
example, a nucleic acid, a protein, or a small molecule. The 
secondary agent can be, for example, plasmid DNA encod 
ing a polypeptide selected from HIF-l, VEGF, FGFl, FGF2, 
FGF4, FGF20, and angiopoietin. The secondary agent can 
be, for example, VEGF, FGFl, FGF2, FGF4, FGF20, or 
angiopoietin. An exogenous or endogenous source of stem 
cells can be delivered into the ischemic area. The exogenous 
stem cells can be autologous or allogenenic mesenchymal, 
adipose, endothelial, bone marroW, mobilized peripheral 
blood, umbilical, or arti?cially reprogrammed stem cells. 
The endogenous stem cells can be mobiliZed With a mobi 
liZation agent. The patient suffering from ischemia can be a 
victim of Critical Limb Ischemia. The patient can be admin 
istered a combination of placentally conditioned media 
intramuscularly in the area of ischemia as detected by 
angiography. The autologous or allogenenic mesenchymal, 
adipose, endothelial, bone marroW, mobiliZed peripheral 
blood, umbilical, or arti?cially reprogrammed stem cells can 
be injected With the placentally conditioned media in a 
localiZed environment intramuscularly. The autologous lym 
phocytes can be injected With the stem cell source in order 
to synergiZe With the placentally conditioned media and the 
injected stem cells. In some embodiments, the patient has 
suffered from a cerebral ischemia. The patient can be treated 
immediately after the ischemia episode or in a period of time 
subsequently. 

[0083] In an additional embodiment of the present inven 
tion, a method of culturing a placenta in its original 3-di 
mensional structure is provided, in such a manner as to 
reproduce the in vivo environment in Which it resides in the 
pregnant Woman, thus retaining capability of generation and 
secretion of groWth factors and proteins that maintain the 
fetal regenerative capacity. The method involves acquiring a 
placenta under sterile conditions, cannulating blood vessels 
of the placenta in order to alloW proper perfusion in cir 
cumstances similar to as if the placenta Was performing its 
in vivo functions, perfusing the placenta With a nutrient mix 
in a buffer that Would mimic physiological conditions, 
maintaining a temperature and physical environment similar 
to that found in the pregnant Woman’s body, and imitating 
conditions of How, pH, oxygenation, and pressure similar to 
that found in the body. The perfusion of both the maternal 
and fetal circulatory components of the placenta can be 
performed. A nutrient mixture can be used that possesses 
similar nutrient requirements as the fetal and maternal 
circulation, respectively. A temperature of 37° C. can be 
maintained during the perfusion process. The pH can be 
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monitored, for example, by the perfusion apparatus in a 
real-time basis, and adjusted using adequate quantities of 
acids, bases, or buffers. The oxygen content can be main 
tained similar to that found in the fetal and maternal circu 
latory contribution to the placenta. The oxygen content may 
be increased, for example, through the use of adding natural 
or arti?cial oxygen carriers to the perfusion solution. An 
oxygenator may be attached to the perfusion apparatus, in 
conjunction With, or separately, from an oxygen sensor, the 
combination being used to adjust in real-time oxygen con 
tent. The osmolality can be maintained, for example, 
through the use of knoWn means such as addition of albumin 
or colloids to the perfusion solution. 

[0084] In an additional embodiment of the present inven 
tion, a method of producing a cosmetic for topical use in 
rejuvenating aged skin is provided, by concentrating pla 
centally conditioned media, quantifying and standardiZing 
biological effect of the media, and formulating the media in 
a carrier solution that is suitable for transdermal delivery. 
The media can be, for example, a physiological buffer, a 
media capable of maintaining cellular viability, or a media 
enriched in nutrients and mimicking the content of the 
matemal/fetal circulation. The media can be selected from 
DMEM, RPMI, and saline USP. The media can contain, for 
example, an anticoagulant at suf?cient quantities to inhibit 
clotting during placental perfusion. The quanti?cation can 
be based on the ability of placentally conditioned media to 
induce proliferation of dermal stem cells. A moisturizing 
agent can be added to the cosmetic preparation. The carrier 
can contain nutrients replenishing to the skin. The carrier 
can contain, for example, a single or a plurality of anti 
oxidant compounds. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0085] The present invention provides a method of 
increasing the groWth of stem cells. The method involves 
mixing the stem cells With a groWth medium that has been 
conditioned by an incubation With placental tissue. 

[0086] The invention disclosed herein teaches composi 
tions and methods relating to using the placenta as a potent 
source of stem cell groWth factors for the expansion of stem 
cells either in vitro or in vivo. Additionally, the ability to 
almost block cells at a speci?c stage of differentiation and 
alloW their expansion through administration of the compo 
sitions described herein, and extrapolated upon by one 
skilled in the art Will be very important for the development 
of stem cell therapeutics as a discipline and ?eld of medi 
cine. 

[0087] Furthermore, there is a need for agents Which, in 
addition to increasing the rate of stem cell proliferation, also 
maintain the stem cells in an undifferentiated state. This 
becomes particularly apparent When one considers that, in 
general, stem cells reside in unique physiological niches, 
and While groWing cells Within mimics of such niches has 
been performed, the mimics of the stem cell niche are often 
unusable in clinical situations. An example of this is the fact 
that early hematopoietic stem cells require feeder cell lines 
to be expanded in high quantities, or the fact that optimal 
groWth of embryonic stem cells is still primarily achieved 
using murine feeders. The current invention teaches meth 
ods and compositions for recreating conditions similar to 
stem cell niches using approaches that are translatable into 
the clinical situation. 
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General Information Regarding Stem Cell Expansion Tech 
niques 

[0088] As shoWn in the description herein, it becomes 
apparent that methods of extracting, expanding and identi 
fying speci?c phenotypes of said stem cells is important for 
clinical implementation. For example, bone marroW is com 
monly used as a source of therapeutic stem cells for myo 
cardial disease, angina, and hematopoietic cell transplant. 
HoWever, bone marroW in general contains a Wide number 
of different stem cells in addition to the standard, Well 
knoWn, hematopoietic CD34+ stem cell. CD34- hemato 
poietic stem cells (Bhatia, et al., 1998, Nat Med 4:1038 
1045), oocyte generating stem cells (Johnson, et al., 2005, 
Cell 122:303-315), mesenchymal stem cells (DaZZi, et al. 
The role of mesenchymal stem cells in haemopoiesis. Blood 
Rev., e-published on Dec. 15, 2005), and myogenic precur 
sor cells (Bhagavati, et al., 2004, Biochem Biophys Res 
Commun 318:119-124), each of Which is incorporated by 
reference herein in its entirety, have all been found in the 
bone marroW, in addition to T cells, B cells, and relatively 
high levels of CD4+ CD25+ T regulatory cells (Zeng, et al., 
2004, Transplantation 77:S9-S11, Which is incorporated by 
reference herein in its entirety). Given the heterogeneity of 
bone marroW as a starting material for stem cell therapy, it 
is apparent that understanding of particular cell populations, 
as Well as ability to isolate and expand them, Would sub 
stantially advance the ?eld of stem cell therapeutics. 

[0089] Accordingly, Whether a stem cell population is 
derived from adult or embryonic sources, the stem cells can 
be groWn in a culture medium to increase the population of 
a heterogeneous mixture of cells, or a puri?ed cell popula 
tion. The cell groWth can be sloW, hoWever, and the cells can 
differentiate to unWanted cell types during the culture 
period. Thus, methods of improving the groWth rate of stem 
cells, in general, and de?ned stem cell populations in 
particular, Will be useful for advancing the clinical use of 
stem cells. Accordingly, What is needed is novel methods of 
increasing the rate of expansion or groWth of the stem cells 
When groWn in culture. 

[0090] Several methods of groWing stem cells outside of 
the body have been developed and are knoWn in the art. 
Originally, the majority of Work in the area of stem cell 
groWth and expansion Was performed in the hematopoietic 
system using bone marroW cells. The ability of either freshly 
isolated or cultured bone marroW cells to form colonies on 
methylcellulose or agar Was used as an output. Colonies of 
hematopoietic stem cells Were typically designated based on 
cellular morphology into the broad subsets of colony form 
ing unit-erythroid (CPU-E), burst forming unit-erythroid 
(BFU-E), colony forming unit-granulocytic monocytic 
(CFU-GM), colony forming unit-monocytic (CFU-M), 
colony forming unit-granulocytic (CFU-G), colony forming 
unit-granulocytic, erthrocytic, monocytic, megakarocytic 
(CPU-E). Identi?cation of colonies Was usually performed 
under light microscopy and alloWed quanti?cation of rela 
tively mature progenitor cells (Jacobs, et al., 1979. Exp 
Hematol 7:177-182, Which is incorporated by reference 
herein in its entirety). Addition of biologically derived 
supematants to the semi-solid media Was performed in order 
to search for agents that preferentially enhanced formation 
of certain types of colonies. For example, addition of 
leukocyte or monocyte supernatant Was shoWn to stimulate 
preferential groWth of CFU-GM colonies, indicating that 
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this factor possesses similar activity in vivo (Galbraith, et 
al., 1979, Can Med Assoc J 121:172-178, Which is incor 
porated by reference herein in its entirety). In in?uence of in 
vivo situations on the ability of bone marroW to form CFU-E 
Was used in the identi?cation of erythropoietin biological 
activities (Peschle, et al., 1977, Br JHaematol 37:345-352, 
Which is incorporated by reference herein in its entirety). It 
is generally regarded that the longer it takes to form colonies 
in the semisolid media, and the larger the siZe and cellular 
constitution of the colonies, the earlier in ontogeny the stem 
cell that initiated the colony is. Unfortunately, multilineage 
stem cells capable of producing other hematopoietic cells 
such as lymphocytes could not be identi?ed using such 
semisolid culture assays. The long term culture (LTC) sys 
tem Was developed to detect earlier progenitor cells then can 
be detected by semisolid assays. LTC assays involve the use 
of pre-established layers of stromal cells (ie bone marroW 
?broblasts or transformed cytokine-secreting cell lines) that 
provide signals for viability and proliferation of the earlier 
progenitors. It is believed that the cell initiating the LTC, the 
LTC initiating cell (LTC-1C) is an early precursor cell 
capable of reconstituting a lethally irradiated mouse 
(Ploemacher, et al., 1991, Blood 78:2527-2533, Which is 
incorporated by reference herein in its entirety). The LTC 
system has been established as a method of assessing 
various groWth factors and combinations thereof for ability 
to expand hematopoietic stem cells in vitro. The expansion 
activities of proliferin-2 (Choong, et al., 2003, FEBS Lett 
550:155-162), protease inhibitors (lsgro, et al., 2005, AIDS 
Res Hum Retroviruses 21:51-57), PDGF (Su, et al., 2002, Br 
J Haematol 117:735-746), each of Which is incorporated by 
reference herein in its entirety, as Well as numerous other 
factors Was demonstrated using the LTC system. More direct 
evidence of hematopoietic stem cell activity is derived from 
in vivo model systems. The original identi?cation of the 
colony forming unit-spleen (CFU-S) Was made by Till and 
McCulloch in 1964 through the observation that transfer of 
bone marroW cells into lethally irradiated mice gave rise to 
colonies comprising of multi-lineage phenotypes (Till, et al., 
1964, Proc Natl Acad Sci USA 51:29-36, Which is incorpo 
rated by reference herein in its entirety). These cells dem 
onstrated the ability for serial transplantation and reconsti 
tution of hematopoiesis, thereby suggesting a stem cell-like 
characteristic (Siminovitch, et al., 1964, J Cell Physiol 
64:23-31, Which is incorporated by reference herein in its 
entirety). Modern day implementation of this technique is 
the SCID Repopulating Cell (SRC) assay Whereby putative 
human hematopoietic stem cells are transferred to an irra 
diated NOD-SCID recipient and ability to reconstitute full 
hematopoiesis is observed (Larochelle, et al., 1996, Nat Med 
2:1329-1337, Which is incorporated by reference herein in 
its entirety). This is currently considered the standard assay 
for hematopoietic stem cells, and it is currently believed that 
1 in 3 million bone marroW mononuclear cells have this 
ability (Wang, et al., 1997, Blood 89:3919-3924, Which is 
incorporated by reference herein in its entirety). Assessment 
of SRC numbers is routinely performed during evaluation of 
stem cell expansion protocols (KaWada, et al., 1999, Exp 
Hematol 27:904-915; Yamaguchi, et al., 2001, Exp Hematol 
29: 174-182, each of Which is incorporated by reference 
herein in its entirety). 

[0091] The development of stem cell expansion tech 
niques began With Work aimed at increasing the number of 
colonies formed on semisolid media. Early experiments 
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used a variety of uncharacteriZed sera and conditioned 
media. For example, trophoblast cell line conditioned media 
(Ferrero, et al., 1987, Cancer Res 47:6413-6417), xenoge 
neic stromal cell conditioned media (Li, et al., 1987, Exp 
Hematol 15:373-381), supematants from tumor cells 
(TWeardy, et al., 1987, Ann N YAcad Sci 511:30-38), and 
healthy lymphocytes Were used (lscove, et al., 1971, Blood 
37: 1 -5), each of Which is incorporated by reference herein in 
its entirety. Work Was also performed toWards designing 
serum free systems, using ingredients such as human trans 
ferrin and bovine insulin (TaketaZu, et al., 1984, Cancer Res 
44:531-535, Which is incorporated by reference herein in its 
entirety). The realiZation that stem cells assessed by the 
semisolid CFU assays are already differentiated, led to the 
use of stromal feeder cells to alloW expansion of LTC-1C as 
described above. The speci?c advantage of the LTC system 
is that hematopoietic stem cells could be expanded Without 
concurrent differentiation. The initial systems of LTC 
required the use of murine feeder (stromal) cells since 
human lines had certain disadvantages in terms of hemato 
poietic promoting activity (PetZer, et al., 1996, Proc Natl 
Acad Sci USA 93:1470-1474, Which is incorporated by 
reference herein in its entirety). Numerous drawbacks 
existed to the use of murine feeder cell lines to maintain 
stem cell viability and proliferative potential. Due to this, an 
effort Was made to overcome dif?culties in groWth of human 
derived feeder cells, and a variety of such cells have been 
developed (Thalmeier, et al., 1994, Blood 83:1799-1807; 
Kohler, et al., 1999, Stem Cells 17:19-24; Guo, et al., 2000, 
Zhongguo Shi Yan Xue Ye Xue Za Zhi 8:93-96; De Angeli, 
et al., 2004, Int J Mol Med 13:363-371, each of Which is 
incorporated by reference herein in its entirety). 

[0092] In terms of hematopoiesis, the role of the feeder 
cells is to mimic the natural hematopoietic environment in 
the bone marroW in Which the hematopoietic stem cells 
reside in an area populated by ?broblasts and other mesen 
chymal cells Which present groWth factors directly and 
indirectly to the hematopoietic stem cell. In this regard, the 
invention disclosed seeks to mimic the situation of stem cell 
generation in general, and hematopoiesis speci?cally in 
some embodiments, by taking advantage of a neW method of 
utiliZing placental tissue. It is knoWn that the placenta 
contains endogenous multipotent stem cells characteriZed by 
markers such as SSEA-4, TRA-1-61, TRA-1-80, CD105, 
endoglin, SH-2, SH-3, and SH-4 (Yen, et al., 2005, Stem 
Cells 23:3-9), as Well as mesenchymal (Wulf, et al., 2004, 
Tissue Eng 10:1136-1147) and hematopoietic stem cells 
(Gekas, et al., 2005, Dev Cell 8:365-375, FauZa, D., 2004, 
Best Pract Res Clin Obstet Gynaecol 18:877-891), each of 
Which is incorporated by reference herein in its entirety. 
Furthermore, the use of cord blood cells from placentas is an 
established clinical treatment for a Wide variety of diseases 
and medical situations (Chao, et al., 2004, Hematology (Am 
Soc Hematol Educ Program):354-371, Which is incorpo 
rated by reference herein in its entirety). The interest in the 
placenta is due not only to the ?nding of such cells, but the 
possibility that the presence of these cells has some biologi 
cal rami?cations. The presence of a variety of different stem 
cell tissues in the placenta at high concentrations suggest 
that certain factors are present Within it that are hospitable 
for stem cell groWth in a natural milieu. Indeed, it Was 
recently published that during development, the placenta 
acts as a depot for hematopoiesis, much in a similar Way hoW 
the liver performs this function during fetal development 
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(Ottersbach, et al., 2005, Dev Cell 8:377-387; Li, L., 2005, 
Dev Cell 8:297-298, each of Which is incorporated by 
reference herein in its entirety). 

[0093] The ease of harvesting placental material, as Well 
as ability to maintain its viability as a three dimensional 
structure, alloWs for various manipulations and extraction of 
trophic factors from it. The placenta is the only stem cell 
bearing organ that can be continually perfused While main 
taining structural integrity in a clinically feasible manner. 
The use of factors derived from placenta have potent appli 
cations not only for ex vivo expansion of cells for thera 
peutic purposes, but also for in vivo expansion of stem cells. 
It is knoWn in a Wide variety of disease conditions that stem 
cells are mobiliZed from various pools and go into the source 
of injury (Francois, supra; WojakoWski, et al., 2005, Folio 
Histochem Cytobiol 43:229-232; Claps, et al., 2005, Curr 
Neurovasc Res 2:319-329; Abbott, et al., 2004, Circulation 
110:3300-3305, each of Which is incorporated by reference 
herein in its entirety). Unfortunately, unlike the amphibians 
Who are capable of limb regeneration through production of 
a high concentration of stem cells (blastema) (Brockes, et 
al., 2005, Science 310:1919-1923, Which is incorporated by 
reference herein in its entirety), human stem cells only make 
What is considered to be a relatively therapeutic “spark” in 
absence of exogenous support groWth factor support. Fur 
thermore, it is knoWn that higher concentrations of progeni 
tor cells are associated With scarless healing in certain 
mouse strains (Davis, et al., 2005, Blood Cells Mol Dis 
34:17-25, Which is incorporated by reference herein in its 
entirety), and possibly account for this phenomena in human 
fetuses (HoWell, L. 1., 1994, Nurs Clin North Am 29:681 
694, Which is incorporated by reference herein in its 
entirety). Therefore, many investigators have attempted to 
use a variety of groWth factors in order to induce stem cell 
mobiliZation and then expansion of the mobiliZed stem cells 
in order to evoke the healing processes, or to transform the 
“spark” into an “explosion.” Although this Was demon 
strated by mobiliZation of stem cells using G-CSF in patients 
With myocardial infarction, the results have accomplished 
only moderate success (PoWell, et al., 2005, Arterioscler 
Thromb Vasc Biol 25:296-301; Belenkov lu, et al., 2003, 
Kardiologiia 43:7-12, each of Which is incorporated by 
reference herein in its entirety). Accordingly, there is a need 
for a multifactorial stimulator of stem cells that is active both 
in vivo as Well as in vitro. 

Preparation of Stem Cells to be Expanded 

[0094] The term “stem cell” generally refers to any cells 
that have the ability to divide for inde?nite periods of time 
and to give rise to specialiZed cells. Within the de?nition of 
“stem cell” We include but not limit, to the folloWing: a) 
totipotent cells such as an embryonic stem cell, an extra 
embryonic stem cell, a cloned stem cell, a parthenogenesis 
derived cell, a cell reprogrammed to possess totipotent 
properties, or a primordial germ cell; b) Pluripotent cell such 
as a hematopoietic stem cell, an adipose derived stem cell, 
a mesenchymal stem cell, a cord blood stem cell, a placen 
tally derived stem cell, an exfoliated tooth derived stem 
cells, a hair follicle stem cell or a neural stem cell; and c) A 
tissue speci?c progenitor cell such as a precursor cell for the 
neuronal, hepatic, nephrogenic, adipogenic, osteoblastic, 
osteoclastic, alveolar, cardiac, intestinal, or endothelial lin 
eage. The cells can be derived, for example, from tissues 
such as pancreatic tissue, liver tissue, smooth muscle tissue, 
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striated muscle tissue, cardiac muscle tissue, bone tissue, 
bone marrow tissue, bone spongy tissue, cartilage tissue, 
liver tissue, pancreas tissue, pancreatic ductal tissue, spleen 
tissue, thymus tissue, Peyer’s patch tissue, lymph nodes 
tissue, thyroid tissue, epidermis tissue, dermis tissue, sub 
cutaneous tissue, heart tissue, lung tissue, vascular tissue, 
endothelial tissue, blood cells, bladder tissue, kidney tissue, 
digestive tract tissue, esophagus tissue, stomach tissue, 
small intestine tissue, large intestine tissue, adipose tissue, 
uterus tissue, eye tissue, lung tissue, testicular tissue, ovarian 
tissue, prostate tissue, connective tissue, endocrine tissue, 
and mesentery tissue. 

[0095] The stem cells to be expanded can be isolated from 
any organ of any mammalian organism, by any means 
knoWn to one of skill in the art. The stem cells can be derived 
from embryonic or adult tissue. One of skill of the art can 
determine hoW to isolate the stem cells from the particular 
organ or tissue of interest, using methods knoWn in the art. 
In a preferred embodiment, the stem cells are isolated from 
umbilical cord blood. Example 2 describes a typical method 
that can be used to isolate stem cells from umbilical cord 
blood. In this example, the stem cell marker CD34 is used 
to enrich the stem cell population, using antibodies to CD34. 

[0096] The stem cell populations can also be enriched 
using antibodies to other stem cell surface markers. Such 
markers include, but are not limited to, ELK-1, AC133, 
CD34, c-kit, CXCR-4, Oct-4, Rex-1, CD9, CD13, CD29, 
CD44, CD166, CD90, CD105, SH-3, SH-4, TRA-1-60, 
TRA-1-81, SSEA-4, Sox-2, and the like. One of skill in the 
art Will be able to determine the speci?c cell marker useful 
for isolating stem cells from the desired tissue. 

[0097] One of skill in the art Will be able to determine a 
suitable groWth medium for initial preparation of stem cells. 
Commonly used groWth media for stem cells includes, but 
is not limited to, Iscove’s modi?ed Dulbecco’s Media 
(IMDM) media, DMEM, KO-DMEM, DMEM/F12, RPMI 
1640 medium, McCoy’s 5A medium, minimum essential 
medium alpha medium (ot-MEM), F-12K nutrient mixture 
medium (Kaighn’s modi?cation, F-12K), X-vivo 20, Stem 
line, CC100, H2000, Stemspan, MCDB 131 Medium, Basal 
Media Eagle (BME), GlasgoW Minimum Essential Media, 
Modi?ed Eagle Medium (MEM), Opti-MEM I Reduced 
Serum Media, Waymouth’s MB 752/1 Media, Williams 
Media E, Medium NCTC-109, neuroplasma medium, BGJb 
Medium, Brinster’s BMOC-3 Medium, CMRL Medium, 
CO2-Independent Medium, LeibovitZ’s L-15 Media, and the 
like. 

[0098] If desired, other components, such as groWth fac 
tors, can be added as desired. Exemplary groWth factors and 
other components that can be added include but are not 
limited to thrombopoietin (TPO), stem cell factor (SCF), 
IL-1, IL-3, IL-7, ?t-3 ligand (?t-3L), G-CSF, GM-CSF, Epo, 
FGF-l, FGF-2, FGF-4, FGF-20, IGF, EGF, NGF, LIF, 
PDGF, bone morphogenic proteins (BMP), activin-A, 
VEGF, forskolin, glucocorticords, and the like. Furthermore, 
the media can contain either serum such as fetal calf, horse, 
or human serum, or more preferably, serum substitution 
components. Numerous agents have been introduced into 
media to alleviate the need for serum. For example, serum 
substitutes have included bovine serum albumin (BSA), 
insulin, 2-mercaptoethanol and transferrin (TF). 
[0099] The stem cells can then be stored for a desired 
period of time, if needed. Stem cell storage methods are 
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knoWn to those of skill in the art. Typically, the stem cells are 
treated to a cryoprotection process, then stored froZen until 
needed. Cryopreservation requires attention be paid to three 
main concepts, these are: 1) The cryoprotective agent, 2) the 
control of the freeZing rate, and 3) The temperature at Which 
the cells Will be stored at. Cryoprotective agents are Well 
knoWn to one skilled in the are and can include but are not 

limited to dimethyl sulfoxide (DMSO), glycerol, polyvi 
nylpyrrolidine, polyethylene glycol, albumin, dextran, 
sucrose, ethylene glycol, i-erythritol, D-ribitol, D-mannitol, 
D-sorbitol, i-inositol, D-lactose, or choline chloride as 
described in US. Pat. No. 6,461,645, Which is incorporated 
by reference herein in its entirety. A method for cryopreser 
vation of stem cells that is preferred by some skilled artisans 
is DMSO at a concentration not being immediately cytotoxic 
to cells, under conditions Which alloW it to freely permeate 
the cell Whose freeZing is desired and to protect intracellular 
organelles by combining With Water and prevent cellular 
damage induced from ice crystal formation. Addition of 
plasma at concentrations betWeen 20-25% by volume can 
augment the protective effect of DMSO. After addition of 
DMSO, cells can be kept at temperatures below 40 C., in 
order to prevent DMSO mediated damage. Methods of 
actually inducing the cells in a state of suspended animation 
involve utiliZation of various cooling protocols. While cell 
type, freeZing reagent, and concentration of cells are impor 
tant variables in determining methods of cooling, it is 
generally accepted that a controlled, steady rate of cooling 
is optimal. There are numerous devices and apparatuses 
knoWn in the ?eld that are capable of reducing temperatures 
of cells for optimal cryopreservations. One such apparatus is 
the Thermo Electro Cryomed FreezerTM manufactured by 
Thermo Electron Corporation. Cells can also be froZen in 
CryoCyteTM containers as made by Baxter. One example of 
cryopreservation is as folloWs: 2><106 CD34 cells/ml are 
isolated from cord blood using the Isolex SystemTM as per 
manufacturer’s instructions (Baxter). Cells can be incubated 
in DMEM media With 10% DMSO and 20% plasma. Cool 
ing is generally performed at 1° C./minute from 0 to —80° C. 
When cells are needed for use, they can be thaWed rapidly 
in a Water bath maintained at 37° C. Water bath and chilled 
immediately upon thaWing. The cells can then be rapidly 
Washed, using, for example, either a buffer solution, or a 
solution containing a groWth factor. Puri?ed cells can then 
be used for expansion With LPCM. A database of stored cell 
information (such as donor, cell origination types, cell 
markers, etc.) can also be prepared, if desired. Further, the 
stem cells can be obtained, if desired, from a library of 
publicly available stored stem cells, including the National 
Institute of Health or American Type Culture Collection. 

[0100] The stem cells can be puri?ed prior to contacting 
the LPCM by methods knoWn in the art, using, for example, 
antibody technology such as panning of cells, through the 
use of ?uorescence activated cell sorting (FACS) methods, 
or magnet activated cell sorting methods such as that MACS 
apparatus, to isolate cells having the desired stem cell 
markers, or to remove unWanted, contaminating cell types 
having unWanted cell markers prior to contacting With 
LPCM. Other methods of stem cell puri?cation or concen 
tration can include the use of techniques such as counter?oW 
centrifugal elutriation, equilibrium density centrifugation, 
velocity sedimentation at unit gravity, immune ro setting and 
immune adherence, T lymphocyte depletion. Examples of 
stem cell markers that can be useful in puri?cation include, 
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but are not limited to, ELK-1, AC133, CD34, c-kit, CXCR 
4, Oct-4, Rex-1, CD9, CD13, CD29, CD44, CD166, CD90, 
CD105, SH-3, SH-4, TRA-1-60, TRA-1-81, SSEA-4, Sox 
2, and the like. Examples of cell surface markers that can be 
used as markers of contaminating, unwanted cell types 
depends on the stem cell phenotype sought. For example, if 
collection of pluripotent hematopoietic cells is desired, 
contaminating cells Will possess markers of commitment to 
the differentiated hematopoietic cells such as CD38 or 
CD33. Additionally, non-hematopoietic cell contamination 
Would be detected by lack of CD45 expression. If selection 
of stromal mesenchymal cells is desired, then contaminating 
cells Would be detected by expression of hematopoietic 
markers such as CD45. Additionally, stem cells can be 
puri?ed based on properties such as siZe, density, adherence 
to certain substrates, or ability to e?lux certain dyes such as 
Hoechst 33342 or Rhodamine 123. 

[0101] The stem cells can be genetically modi?ed at any 
stage of the preparation. For example, a gene encoding a 
selectable marker or other gene of interest can be introduced 
to the prepared stem cells. 

[0102] To increase the groWth of the stem cells, the stem 
cells are mixed With medium that has been incubated With 
placental tissue. By “incubation” any type of contact 
betWeen said media and placental tissue or cells thereof is 
implied. The method described herein provides for a method 
of expansion of stem cells that in one embodiment does not 
require unde?ned culture medium. Further, the method 
described herein does not require a culture medium that 
contains animal products With unknoWn negative effects, 
such as, for example, increased antigenicity, or xoonosis. 

Preparation and Incubation of the Placental Tissue 

[0103] The placental tissue can be derived from fresh 
sources, or can have been stored prior to use. Storage can 
take place With the placenta as an intact unit, or a deaggrated 
unit, or as dissociated placental cells. One of skill in the art 
can determine the incubation medium to place the placental 
tissue in. Any suitable liquid can be used, such as for 
example a buffer, Water such as isotonic Water, or groWth 
medium. Exemplary media include, but are not limited to, 
Iscove’s modi?ed Dulbecco’s Media (IMDM) media, 
DMEM, KO-DMEM, DMEM/F12, RPMI 1640 medium, 
McCoy’s 5A medium, minimum essential medium alpha 
medium (ot-MEM), F-12K nutrient mixture medium 
(Kaighn’s modi?cation, F-12K), X-vivo 20, Stemline, 
CC100, H2000, Stemspan, MCDB 131 Medium, Basal 
Media Eagle (BME), GlasgoW Minimum Essential Media, 
Modi?ed Eagle Medium (MEM), Opti-MEM I Reduced 
Serum Media, Waymouth’s MB 752/1 Media, Williams 
Media E, Medium NCTC-109, neuroplasma medium, BGJb 
Medium, Brinster’s BMOC-3 Medium, CMRL Medium, 
CO2-Independent Medium, and LeibovitZ’s L-15 Media or 
other liquid as determined by one of skill in the art. 

[0104] Any part of the placental tissue can be used for the 
incubation process. For example, the Whole placenta can be 
incubated by submergence in the media Which is desired to 
be conditioned, alternatively the incubation can occur by 
perfusion of the placenta With media Which is desired to be 
conditioned. Perfusion can be performed through the fetal 
circulatory system via the umbilical vein and arteries, or 
through the maternal side in distinct placental cotyledons, or 
in a manner encompassing all of the maternal circulation. In 
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a preferred embodiment the fetal circulation is perfused. 
Furthermore, distinct sections of the placenta can be used for 
the incubation. The sections can include but are not limited 
to isolated chorionic plate, chorionic villi, Wharton’s Jelly, 
amniotic membranes, chorionic membranes or cotyledon 
units. Furthermore, distinct placentally derived cells can be 
isolated and used for incubation. Said cells include but are 
not limited to endothelial, epithelial, trophoblastic, mac 
rophages, and mesenchymal cells. The placental tissue can 
be rinsed With an anticoagulation solution prior to incuba 
tion, if desired. Exemplary anticoagulation solutions include 
but are not limited to saline, a buffer, or media mixed With 
heparin, EDTA, antithrombin III, and the like. 

[0105] The placental tissue to be used can be derived from 
any mammalian organism. Preferably, the placental tissue is 
derived from a human. 

[0106] The placental incubation period can be determined 
by one of skill in the art. Generally, the placental incubation 
period can range from less than about 1 second, 30 seconds, 
or 60 seconds to about 2 or 3 Weeks or more. Preferably, the 

placental incubation period is betWeen about 2, 5, 10, 30, or 
45 minutes to about 12, 14, 16, 18, or 20 days. More 
preferably, the placental incubation period is betWeen about 
1, 3, 5, 8, or 24 hours to about 3, 5, 7, or 10 days. 

[0107] The preferred temperature for the placental incu 
bation process can be from a range of about 32° C. or less 
to about 40° C. or more. Preferably, the placental incubation 
occurs at a temperature of about 33° C., 34° C., or 35° C. to 
about 38° C., 39° C., or 40° C. More preferably, the placental 
incubation occurs at about 37° C. The incubation medium 
can be changed regularly, if desired. 

[0108] The placental incubation medium can be mixed, if 
desired, at any suitable speed. Any suitable container can be 
used. 

[0109] Antibiotics, antifungals or other contamination 
preventive compounds can be added to the incubation 
medium, if desired. Exemplary compounds include but are 
not limited to penicillin, streptomycin, gentamycin, fungi 
Zone or others knoWn in the art. 

[0110] The live placenta conditioned medium (LPCM) so 
produced can then be ?ltered, if desired. Preferably, the 
?ltration process occurs through a sterile 0.2 pm ?lter. 
Additionally, other types of ?lters can be used depending on 
the desired sterility of the LPCM. In some situations ?lters 
With nano-siZed pores can be useful in order to prevent viral 
contamination. Additionally, methods knoWn in the art for 
decontamination can be used such as UV irradiation, X-ray 
sterilization, oZonation, or hyperthermia in order to selec 
tively destroy potential contaminants Without losing the 
desired biological activity of the LPCM. An example of the 
placental incubation process is shoWn in Example 1. 

[0111] The LPCM can be stored in a variety of manners 
prior to use, this includes lyophiliZed, froZen, stored under 
refrigerated conditions, stored in combination With a pre 
servative agent, or by other means knoWn to one skilled in 
the art. It is desired that the storage step does not effect 
properties that fresh LPCM Would bestoW during incubation 
With stem cells. 
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Contacting the Stem Cells With the LPCM 

[0112] The prepared stem cells can be contacted With the 
LPCM. This can be done, for example, by simply mixing the 
LPCM With the culture of stem cell preparations. Mixing can 
be performed in a plethora of suitable vessels capable of 
maintaining viability of the stem cells. Said vessels can 
include but are not limited to tissue culture ?asks, conical 
tubes, culture bags, bioreactors, or cultures that are continu 
ously mixed. The stem cell/LPCM mixture can then be 
alloWed to groW as desired. An example of stem cell groWth 
in the stem cell/LPCM mixture is shoWn in Example 3. In 
some situations it Will be desirable to use a combination 
culture system in Which cells are ?rst groWn With one type 
of culture condition, then subsequently another culture con 
dition is used. For example, When rapid expansion of 
hematopoietic stem cells is needed Without differentiation, 
cells can be cultured initially in a high concentration of 
LPCM for 48 hours, or a time period needed to induce 
cycling of the stem cells. Subsequently, media containing 
cytokines can be added in the culture for passages after the 
?rst 48 hours. Cytokine media can be DMEM supplemented 
With a combination of IL-3, IL-6, SCF, TPO, and ?t-3L. One 
skilled in the art Will understand that depending on stem cell 
type and level of differentiation desired, different concen 
trations of LPCM can be added at the different time points 
of the culture. For example, in a particular culture situation, 
addition of LPCM at the initiation of culture can not be 
optimum. In the case that cardiomyocytes are desired from 
embryonic stem cells, addition of LPCM to the embryonic 
stem cell culture Will only increase the number of undiffer 
entiated stem cells and not alloW cardiomyocyte differen 
tiation, even if differentiation-promoting stimuli are added. 
Accordingly, the optimum use of LPCM in this situation is 
after differentiation, or partial differentiation along the car 
diomyocyte lineage has occurred. In a practical example, 
human embryonic stem cells are cultured on mitotically 
inactivated (mitomycin C) murine embryonic feeder layers 
in culture medium consisting of 80% knockout DMEM 
(no-pyruvate, high-glucose formulation; Life Technologies 
Inc., Rockville, Md., USA) supplemented With 20% FBS 
(HyClone, Logan, Utah, USA), 1 mM L-glutamine, 0.1 mM 
mercaptoethanol, and 1% nonessential amino acid stock (all 
from Life Technologies Inc). If LPCM is added (at concen 
trations ranging from about 2-10 Units/ml, Example 4) to 
this culture, there is an accelerated groWth of embryonic 
stem cells but no differentiation. 

[0113] In order to induce cardiomyocyte generation 
embryonic stem cells are generally dispersed to small 
clumps (three to 20 cells) using collagenase IV (Life Tech 
nologies Inc.; at a concentration of about 1 mg/ml for 20 
minutes). Cells can then be transferred to plastic Petri dishes 
(Minigplast, Ein Shemer, Israel), at a cell density of about 
5><10 cells in a 58-mm dish, Where they are cultured in 
suspension (using same media as above) for 7-10 days. 
During this stage, the cells aggregated to form embryoid 
bodies, Which are then plated on 0.1% gelatin-coated culture 
dishes, at a density of one to ?ve embryoid in a 1.91-cm2 
Well, and observed microscopically for the appearance of 
spontaneous contractions. If LPCM (2-10 Units/ml) is added 
at the period of day 1-5 of liquid culture, an increased 
cellularity is observed but a signi?cant decrease in sponta 
neously beating embryoids is observed in the gelatin coated 
dishes. In contrast, if LPCM is added at days 6-7 of the 
liquid culture, then the number of contracting embryoids on 
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gelatin is generally increased about 4-fold compared to 
cultures lacking LPCM. This illustrates that under some 
culture conditions LPCM is capable of inducing prolifera 
tion of cells at a speci?c level of differentiation, and that in 
some circumstances LPCM can actually inhibit differentia 
tion even in the presence of conditions that Would normally 
stimulate it. 

[0114] The desired ratio of stem cells to LPCM can be 
determined by one of skill in the art. For example, a ratio of 
less than about 1:1,000, to 1,000:1 or more (stem cell 
preparation to LPCM) can be used. For example, a ratio of 
stem cell preparation to LPCM from about 1:750, 1:500, 
1:250, or 1:100 to about 100:1, 250:1, 500:1, or 750:1 can 
be used. This ratio can vary, for example, depending on 
temperature, incubation time, number of stem cells, the 
desired activity sought in the stem cells, the type of stem 
cells, the purity of stem cells, the amount of placental tissue 
used as a starting point, and the like. The stem cells can be 
isolated from their groWth media prior to contacting With the 
LPCM, or the stem cells can remain in their groWth medium, 
With the LPCM added. 

[0115] The length of the stem cell/LPCM contacting step 
can be determined by one of skill in the art. Generally, the 
contacting step can range from less than about 1 second, 30 
seconds, or 60 seconds to about 2 or 3 Weeks or more. 
Preferably, the contacting step is betWeen about 2, 5, 10, 30, 
or 45 minutes to about 12, 14, 16, 18, or 20 days. More 
preferably, the contacting step is betWeen about 1, 3, 5, 8, or 
24 hours to about 3, 5, 7, or 10 days. 

[0116] In some embodiments, other compounds can be 
added to the stem cell/LPCM mixture. For example, groWth 
factors can be added to the mixture. Exemplary factors 
include but are not limited to thrombopoietin (TPO), stem 
cell factor (SCF), IL-1, IL-3, IL-7, ?t-3 ligand (?t-3L), 
G-CSF, GM-CSF, Epo, FGF-l, FGF-2, FGF-4, FGF-20, 
IGF, EGF, NGF, LIF, PDGF, bone morphogenic proteins 
(BMP), activin-A, VEGF, forskolin, glucocorticoids, and the 
like. Speci?c concentrations and activities are knoWn to one 
skilled in the art. For reference as to applicability to stem 
cell, the practitioner of the invention is referred to the 
folloWing publications: TPO (KaWada, et al., 1999, Exp 
Hematol 27:904-915; Wang, et al., 2005, Ann N YAcad Sci 
1044:29-40; Xie, et al., 2003, Blood 101:1329-1335; 
Feugier, et al., 2002, J Hemalolher Stem Cell Res 11:127 
138; Won, et al., 2000, JHemaZoZher Stem Cell Res 9:465 
473), SCF (Wang, et al., 2005, Cell Biol Int 29:654-661; 
Levac, et al., 2005, Haemalologica 90:166-172; Peschle, et 
al., 1993, Stem Cells 11:356-370), IL-1 (Maurer, et al., 2000, 
In! J Hematol 71:203-210; Willems, et al., 2001. Ann 
Hemalol 80:17-25; Scheding, et al., 2000, Exp Hematol 
28:460-470), IL-3 (Ivanovic, Z., 2004, Eur Cyzokine Netw 
15:6-13; InderbitZin, et al., 2005, J Gaslroinlesl Surg 9:69 
74; Bohmer, R. M., 2004, Stem Cells 22:216-224), IL-6 
(Quesenberry, et al., 1991, J Cell Biochem 45:273-278; 
Zhang, et al. Increased myelinating capacity of embryonic 
stem cell derived oligodendrocyte precursors after treatment 
by interleukin-6/soluble interleukin-6 receptor fusion pro 
tein. Mol Cell Neurosci., e-published on Nov. 30, 2005; 
Taga, et al., 2005, Clin Rev Allergy Immunol 28:249-256; 
Nakamura, et al., 2005, Clin Rev Allergy Immunol 28:197 
204), IL-7 (Ficara, et al., 2004, Mol Ther 10:1096-1108; 
KraWcZenko, et al., 2005, Arch Immunol T her Exp (WarsZ) 
53:518-525; Andre-SchmutZ, et al., 2004, Br J Haematol 
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1261844-851; De Waele, et al., 2004, Eur J Haematol 
721193-202), lL-11 (Willems, supra; Lu, et al., 2003, Zhon 
ghua Xue Ye Xue Za Zhi 241589-592; Momose, et al., 2002, 
Arzneimittelforschung 521857-861; Van der Meeren, et al., 
2002, Radiat Res 1571642-649), ?t-3L (Li, et al., 2005, Eur 
JHaematol 741128-135; McGuckin, et al., 2004, Cell Prolif 
371295-306; Lu, et al., Blood 10314134-4141; Streeter, et al., 
2003, Exp Hematol 3111119-1125), G-CSF (Aliotta, et al., 
2006, Exp Hematol 341230-241; Jung, et al. Granulocyte 
colony-stimulating factor stimulates neurogenesis via vas 
cular endothelial growth factor with STAT activation. Brain 
Res., e-published on Jan. 16, 2006; Kogler, et al., 2005, Exp 
Hematol 331573-583), GM-CSF (Quesenberry, supra; Gan 
genahalli, et al., 2005, Stem Cells Dev 141140-152), Epo 
(Otani, et al., 2004, Exp Hematol 321607-613; Yao, et al., 
2000, Bone Marrow Transplant 261497-503; Mobest, et al., 
1998, Biotechnol Bioeng 601341-347), FGF-l (de Haan, 
supra; Crcareva, et al., 2005, Exp Hematol 3311459-1469), 
FGF-2 (RatajcZak, et al., 1996, Br JHaematol 931772-782; 
Kang, et al., 2005, Stem Cells Dev 141395-401), FGF-4 
(Schwartz, et al., 2005, Stem Cells Dev 141643-655; Quito, 
et al., 1996, Blood 8711282-1291), FGF-20 (Grothe, et al., 
2004, Neurobiol Dis 171163-170), IGF (McDevitt, et al., 
2005, JMol Cell Cardiol 391865-873; Musaro, A., 2005, 
Arch Ital Biol 1431243-248; Zumkeller, et al., 1999, Blood 
9413653-3657; Okajima, et al., 1998, J Biol Chem 
273122877-22883), EGF (MiyaZaki, et al., 2004, Cell Trans 
plant 131385-391; von Ruden, et al., 1988, Embo J712749 
2756), NGF (Bracci-Laudiero, et al., 2003, J Neuroimmunol 
1361130-139; Simone, et al., 1999,HematolOncol1711-10), 
LlF (Guo, et al. Murine Embryonic Stem Cells Secrete 
Cytokines/Growth Modulators that Enhance Cell Survival/ 
Anti-Apoptosis and Stimulate Colony Formation of Murine 
Hematopoietic Progenitor Cells. Stem Cells, e-published on 
Dec. 8, 2005; Chodorowska, et al., 2004, Ann Univ Mariae 
Curie Sklodowska [Med]591189-193), PDGF (Su, et al., 
2005, Stem Cells Dev 141223-230; Lucarelli, et al., 2003, 
Biomaterials 2413095-3100; Yang, et al., 1995, Br JHae 
matol 911285-289), BMPs (Ploemacher, et al., 1999, Leu 
kemia 131428-437; Zhang, et al., 2005, Dev Biol 28411-11; 
Jay, et al., 2004, Cell Res 141268-282; Chadwick, et al., 
2003, Blood 1021906-915; Dormady, et al.; 2001, JHema 
tother Stem Cell Res 101125-140), activin-A (Shav-Tal, et 
al., 2002, Stem Cells 201493-500), VEGF (Cerdan, et al., 
2004, Blood 10312504-2512), forskolin (Laharrague, et al., 
1998, Faseb J 121747-752; Gaspar Elsas, et al., 2000, Br J 
Pharmacol 13011362-1368), and glucocorticoids (Grafte 
Faure, et al., 1999, Am JHematol 62165-73), each of which 
is incorporated by reference herein in its entirety. 

[0117] Furthermore, conditions promoting certain type of 
cellular proliferation or differentiation can be used during 
the culture. These conditions include but are not limited to, 
alteration in temperature, alternation in oxygen/ carbon diox 
ide content, alternations in turbidity of said media, or 
exposure to small molecules modi?ers of cell cultures such 
as nutrients, inhibitors of certain enZymes, stimulators of 
certain enZymes, inhibitors of histone deacetylase activity 
such as valproic acid (Bug, et al., 2005, Cancer Res 
6512537-2541), trichostatin-A (Young, et al., 2004, Cyto 
therapy 61328-336), trapoxin A (Kijima, et al., 1993, JBiol 
Chem 268122429-22435), or Depsipeptide (Gagnon, et al., 
2003, Anticancer Drugs 141193-202; Fujieda, et al., 2005, 
Int J Oncol 271743-748), each of which is incorporated by 
reference herein in its entirety, inhibitors of DNA methyl 
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transferase activity such as 5-aZacytidine, inhibitors of the 
enZyme GSK-3 (Trowbridge, et al., 2006, Nat Med 12189 
98, which is incorporated by reference herein in its entirety), 
and the like. 

[0118] Avariety of factors previously mentioned in?uence 
ability of stem cells to survive, replicate, and differentiate. 
For example, in terms of nutrients the amino acid taurine 
under certain conditions preferentially inhibits murine bone 
marrow cells from forming osteoclasts (Koide, et al., 1999, 
Arch Oral Biol 441711-719), the amino acid L-arginine 
stimulates erythrocyte differentiation and proliferation of 
erythroid progenitors (Shima, et al., 2006, Blood 10711352 
1356), extracellular ATP acting through P2Y receptors medi 
ates a wide variety of changes to both hematopoietic and 
non-hematopoietic stem cells (Lee, et al., 2003, Genes Dev 
1711592-1604), arginine-glycine-aspartic acid attached to 
porous polymer scaffolds increase differentiation and sur 
vival of osteoblast progenitors (Hu, et al., 2003, J Biomed 
Mater Res A 641583-590), each of which is incorporated by 
reference herein in its entirety. Accordingly, one skilled in 
the art would know to use various types of nutrients for 
inducing dilferentiation, or maintaining viability, of certain 
types of stem cells and/or progeny thereof. 

[0119] The role of oxygen tension in stem cell self 
renewal and viability is also an important issue that is 
contemplated in the current invention. It is known that 
hematopoietic stem cells tend to reside in hypoxia niches of 
the bone marrow and that as cells differentiate into more 
mature progeny, they progressively migrate to areas of the 
bone marrow with higher oxygen tension (lvanovic, et al., 
2002, Exp Hematol 30167-73, which is incorporated by 
reference herein in its entirety). This important variable in 
tissue culture was exploited in studies showing that superior 
expansion of human CD34 stem cells capable of full 
hematopoietic reconstitution of NOD-SCID mice were 
obtained in hypoxic conditions using oxygen tension as low 
as 1.5%. The potent expansion under hypoxia, which was 
5.8-fold higher as compared to normal oxygen tension, was 
attributed to hypoxia induction of HlF-l dependent growth 
factors such as VEGF (Danet, et al., 2003, J Clin Invest 
1121126-135, which is incorporated by reference herein in 
its entirety). Additionally, other stem cells such as neuronal 
stem cells also appear to be localiZed in hypoxic niches and 
expand preferential in low oxygen in vitro conditions as 
opposed to normal oxygen tension (Zhu, et al., 2005, Mol 
Neurobiol 311231-242, which is incorporated by reference 
herein in its entirety). Furthermore, embryonic stem cells, 
although grow at similar proliferative rates between nor 
moxia and hypoxia, they retain superior ability to form 
teratomas in vivo and embryoid bodies in vitro when grown 
under hypoxic conditions (EZashi, et al., 2005, Proc Natl 
Acad Sci USA 10214783-4788, which is incorporated by 
reference herein in its entirety). 

[0120] Accordingly, one embodiment of the disclosed 
invention is the use of hypoxic conditions for augmenting 
release of stem cell proliferating factors in the placenta 
during production of LPCM. Hypoxic conditions can be 
maintained in specialiZed incubators with an oxygen tension 
ranging from 0.1% to 7.5%, preferably 0.5% to 5%, more 
preferably 3%-5%. Additionally, another embodiment of the 
invention is the use of hypoxic conditions in combination 
with LPCM in order to enhance proliferation without dif 
ferentiation of stem cells being grown in culture. 




























