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POSTPARTUM CELLS DERIVED FROM 
UMBILICAL CORD TISSUE, AND METHODS OF 

MAKING AND USING THE SAME 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This is a continuation-in-part of US. patent appli 
cation Ser. No. 10/877,012, ?led Jun. 25, 2004, Which claims 
bene?t of US. Provisional Application Ser. No. 60/483,264, 
?led Jun. 27, 2003, the entire contents of each of Which are 
incorporated by reference herein. This also claims bene?t of 
US. Provisional Application No. 60/639,088, ?led Dec. 23, 
2004, the entirety of Which is also herein incorporated by 
reference. 

FIELD OF THE INVENTION 

[0002] This invention relates to mammalian, preferably 
human, cell therapy, and more particularly to isolated cells 
derived from postpartum umbilicus, methods of deriving 
such cells, and methods of their use and growth on various 
media, including media Which are serum-containing or 
serum-free. 

BACKGROUND OF THE INVENTION 

[0003] As the modern understanding of disease has 
advanced, the potential utility of cell therapy for improving 
the prognosis of those a?licted has resulted in increased 
interest in neW sources of human cells useful for therapeutic 
purposes. One such source of human cells is postpartum 
tissues, and in particular, the umbilicus or umbilical cord. 

[0004] Recently, attention has focused on the banking of 
umbilical cord blood (or simply “cord blood”) as a potential 
source of, for example, hematopoietic cells for use by an 
individual for Whom cord blood has been banked at birth. 
Such cells Would be useful for those individuals, for 
example, Who require therapeutic radiation Which may 
eliminate functional portions of their immune system. 
Rather than requiring a bone marroW donor carefully 
matched to avoid rejection, the individual’s oWn banked 
cord blood could be used to reconstitute the lost immune 
cells, and restore immune function. 

[0005] Still more recently, there has been interest in 
obtaining stem cells from cord blood, due to the Wider 
potential therapeutic applications of such cells. Stem cells 
are understood in general terms as cells that 1) have the 
ability to self-reneW for long periods through cell division 
from a single cell; and 2) have the ability to differentiate into 
speci?c cell types given the proper conditions. Accordingly, 
stem cells are potentially useful in treating a population of 
individuals, and not merely the person from Whose cord 
blood the cells Were initially obtained. 

[0006] In particular, cord blood has been considered as a 
source of hematopoietic progenitor stem cells. Banked (or 
cryopreserved) cord blood, or stem cells isolated therefrom 
have been deemed useful for hematopoietic reconstitution, 
for example in bone marroW and related transplantations. 
(Boyse et al., US. Pat. Nos. 5,004,681 and 5,192,553). 

[0007] In addition to cord blood, other sources of thera 
peutic cells from the human umbilicus have been explored, 
including cells isolated from the Wharton’s Jelly, umbilical 
vein or artery tissue, and the umbilical matrix itself. Such 
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cells have been largely uncharacterized, or only minimally 
characterized With respect to their physiological, biochemi 
cal, immunological, and genetic properties. 

[0008] For example, Purchio et al. (US. Pat. No. 5,919, 
702) have isolated chondrogenic progenitor cells (or pre 
chondrocytes) from Wharton’s Jelly. They reported the 
isolation of cells from human umbilical cord Wharton’s 
Jelly by removing blood and blood vessels and incubating 
the tissue under conditions purported to alloW the prechon 
drocytes to proliferate. As such, the method did not distin 
guish the desired cells from the different cell types present 
in Wharton’s Jelly, but rather relied on migration from the 
tissue or selecting groWth conditions favoring prechondro 
cytes. The prechondrocytes Were expanded mitotically after 
they Were established. Cells at passages 2 to 4 Were reported 
as useful to produce cartilage, if triggered by the addition of 
exogenous groWth factors, such as BMP-13 or TGF-beta. 
Uses of the cells for direct injection or implantation, or use 
With a hydrogel or tissue matrix, Were proposed. HoWever, 
it Was considered important that the cells not exceed about 
25% con?uence. The cells Were not characterized With 
respect to their biochemical or immunological properties, or 
With respect to their gene expression. 

[0009] Weiss et al. (US. Patent Application Publication 
US2003/0161818) proposed procedures for isolating pluri 
potent or lineage-committed cells from mammalian Whar 
ton’s Jelly or non-blood umbilical cord matrix sources. The 
cells isolated Were reported to differentiate into hematopoi 
etic, mesenchymal or neuroectodermal lines. The cell lines 
Were not characterized With respect to their identifying 
properties. Limited characterization Was provided With 
respect to cells after differentiation toWards neural lines. 
Reference Was made to Wharton’s J elly-derived bovine and 
porcine cells that Were CD34‘, CD45‘. 

[0010] Weiss et al. also reported investigating transplan 
tation of porcine umbilical cord matrix cells into rat brain. 
(Exp. New: 182: 288-299, 2003). No enzymatic treatment 
Was used in the isolation procedure. They obtained tWo 
distinct populationsispherical and ?at mesenchymal cells. 
The cells Were genetically modi?ed to express GFP. The 
cells did not appear to stimulate immune rejection When 
implanted cross-species. 

[0011] Mitchell et al. (Stem Cells 21:50-60, 2003) reported 
obtaining Wharton’s Jelly matrix cells from porcine umbili 
cal cords. The undifferentiated cells Were reported to be 
positive for telomerase and a subpopulation Was also 
reported positive for c-kit expression, i.e., telomerase", 
CD117". The cells Were also reported to produce alpha 
smooth muscle actin, indicative of their myo?broblast-like 
nature. The cells purportedly could differentiate along neural 
lines in the presence of groWth factors. HoWever, both the 
differentiated and undifferentiated cells Were found to 
express NSE, a marker for neural stem cells. The need for 
clonal lines and characterization in terms of proliferative 
capacity, karyotype analysis, and expression of HLA anti 
gens Was recognized. 

[0012] Romanov et al. (Stem Cells 21(1): 105-110, 2003) 
reported a procedure to isolate mesenchymal stem cell 
(MSC)-like cells from human umbilical cord vein. Their 
procedure involved treatment of the excised vein tissue With 
collagenase and required that the enzymatic digestion be 
short (15 minutes) to obtain the cell population of interest (a 
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subendothelial layer of the vein). In particular, the procedure 
avoided inclusion of smooth muscle cells (SMCs) and 
?broblasts by leaving the deeper layers of the tissue intact, 
purportedly removing only the outer layers. The resulting 
“nearly homogenous” cell population Was reported to con 
tain approximately 0.5-1% endothelial cells that they also 
sought to avoid. The cells Were reported to be predominantly 
CD34“ and to produce alpha-smooth muscle actin. 

[0013] Because of the diversity of cell populations that are 
found in umbilical cord matrix, there is a need in the art for 
methods of isolating de?ned non-blood cells and popula 
tions thereof derived from mammalian umbilical cord; as 
Well as a need for cell lines derived from mammalian 
umbilicus that are characterized With respect to their bio 
chemistry (e.g. secretion of groWth factors), immunology 
(cell surface markers and potential to stimulate immune 
responses) and expression of various genes. This need is 
particularly compelling for cells derived from human umbi 
licus. 

[0014] With regard to media for culturing cells most 
contain at least some fetal bovine or calf serum. Generally, 
commercially available media formulations utiliZe serum 
supplements of about 10-20% (v/v). The serum component 
is often integral to the survival and expansion of cell 
populations. Amyriad of proteins are found in bovine serum, 
including for example PDGF and FGFs, knoWn groWth 
factors that can have signi?cant in?uence on cell groWth and 
differentiation on cell populations, including populations of 
stem and progenitor cells. 

[0015] In spite of the advantages of including bovine 
serum (or serum of other species), there are, hoWever, a 
number of disadvantages to supplementing medium With 
animal serum instead of using chemically-de?ned or serum 
free media When culturing therapeutic cells or producing 
biologics. Cell and tissue homeostasis occurs under envi 
ronmental conditions that lack blood-derived serum. Thus, 
long-term cell exposure to serum and blood-related products 
simulates a tissue injury paradigm. Further, lot-to-lot varia 
tion in composition of serum, including in the stimulatory 
proteins and any inhibitory substances requires time con 
suming and expensive pre-testing to ensure each batch meets 
the standards for therapeutic product development or pro 
duction. Finally, increased concerns about the transmission 
of diseases such as bovine spongiform encephalopathy 
(BSE) from the use of animal-related products may ulti 
mately retard or preclude FDA approval of cell-based thera 
pies developed With foreign serum. 

BRIEF DESCRIPTION OF THE FIGURES 

[0016] FIG. 1: Long-term groWth potential of umbilical 
cells isolated under different conditions. Conditions that 
alloWed for more than 5 population doublings Were further 
analyZed for long-term groWth potential. Cells Were cultured 
using the indicated media formulations and culture condi 
tions until cells reached senescence. Senescence Was deter 
mined When cells failed to achieve greater than one popu 
lation doubling during the study time interval. 

SUMMARY OF THE INVENTION 

[0017] In a ?rst aspect, the invention provides isolated 
umbilicus-derived cells (U DCs) that are derived from mam 
malian umbilical cord tissue substantially free of blood. The 
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cells are capable of self-reneWal and expansion in culture. 
The umbilicus-derived cells have the potential to differen 
tiate into cells of other phenotypes. In preferred embodi 
ments, the cells are derived from human umbilicus. 

[0018] The cells have been characterized as to several of 
their cellular, genetic, immunological, and biochemical 
properties. For example, the cells have been characteriZed 
by their groWth properties in culture, by their cell surface 
markers, by their gene expression, by their ability to produce 
certain biochemical trophic factors, and by their immuno 
logical properties. 

[0019] In certain embodiments, the postpartum-derived 
cell is an umbilicus-derived cell. In other embodiments it is 
a placenta-derived cell. In speci?c embodiments, the cell has 
all identifying features of either of cell types UMB 022803 
(P7) (ATCC Accession No. PTA-6067); or UMB 022803 
(P17) (ATCC Accession No. PTA-6068). 

[0020] In another of its several aspects, cell cultures 
comprising the isolated umbilicus-derived cells of the inven 
tion are provided. The cultures of umbilical cells are free of 
maternal cells in certain preferred embodiments. 

[0021] Methods of culturing and expanding umbilicus 
derived cells and cell cultures and populations comprising 
them are provided. 

[0022] In another aspect of the invention isolated umbili 
cus-derived cells having speci?c cell surface marker expres 
sion pro?les are provided, Wherein particular cell surface 
marker proteins are produced. In particular, the cells produce 
one or more of CD10, CD13, CD44, CD73, CD90, CD141, 
PDGFr-alpha, or HLA-A, B, C. In addition, the cells do not 
produce one or more of CD31, CD34, CD45, CD117, 
CD141, or HLA-DR, DP, DQ, as detected by How cytom 
etry. 

[0023] The cells of the invention have also been charac 
teriZed according to their expression of a Wide variety of 
genes. Accordingly, another aspect of the invention provides 
isolated umbilicus-derived cells, Which relative to a human 
cell that is a ?broblast, a mesenchymal stem cell, or an ileac 
crest bone marroW cell, have reduced expression of genes 
for one or more of: short stature homeobox 2; heat shock 27 
kDa protein 2; chemokine (C-X-C motif) ligand 12 (stromal 
cell-derived factor 1); elastin (supravalvular aortic stenosis, 
Williams-Beuren syndrome); Homo sapiens mRNA; cDNA 
DKFZp586M2022 (from clone DKFZp586M2022); mesen 
chyme homeobox 2 (groWth arrest-speci?c homeobox); sine 
oculis homeobox homolog 1 (Drosophila); crystallin, alpha 
B; disheveled associated activator of morphogenesis 2; 
DKFZP586B2420 protein; similar to neuralin 1; tetranectin 
(plasminogen binding protein); src homology three (SH3) 
and cysteine rich domain; cholesterol 25-hydroxylase; runt 
related transcription factor 3; interleukin 11 receptor, alpha; 
procollagen C-endopeptidase enhancer; friZZled homolog 7 
(Drosophila); hypothetical gene BC008967; collagen, type 
VIII, alpha 1; tenascin C (hexabrachion); iroquois 
homeobox protein 5; hephaestin; integrin, beta 8; synaptic 
vesicle glycoprotein 2; neuroblastoma, suppression of tum 
origenicity 1; insulin-like groWth factor binding protein 2, 
36 kDa; Homo sapiens cDNA FLJ12280 ?s, clone 
MAMMA1001744; cytokine receptor-like factor 1; potas 
sium intermediate/ small conductance calcium-activated 
channel, subfamily N, member 4; integrin, beta 7; transcrip 
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tional co-activator With PDZ-binding motif (TAZ); sine 
oculis homeobox homolog 2 (Drosophila); KIAA1034 pro 
tein; vesicle-associated membrane protein 5 (myobrevin); 
EGF-containing ?bulin-like extracellular matrix protein 1; 
early growth response 3; distal-less homeobox 5; hypotheti 
cal protein FLJ20373; aldo-keto reductase family 1, member 
C3 (3-alpha hydroxysteroid dehydrogenase, type II); bigly 
can; transcriptional co-activator With PDZ-binding motif 
(TAZ); ?bronectin 1; proenkephalin; integrin, beta-like 1 
(With EGF-like repeat domains); Homo sapiens mRNA full 
length insert cDNA clone EUROIMAGE 1968422; EphA3; 
KIAA0367 protein; natriuretic peptide receptor C/guanylate 
cyclase C (atrionatriuretic peptide receptor C); hypothetical 
protein FLJ14054; Homo sapiens mRNA; cDNA 
DKFZp564B222 (from clone DKFZp564B222); BCL2/ad 
enovirus EIB 19 kDa interacting protein 3-like; AE binding 
protein 1; and cytochrome c oxidase subunit VIIa polypep 
tide 1 (muscle). In addition, these isolated human umbilicus 
derived cells express a gene for each of interleukin 8; 
reticulon 1; chemokine (C-X-C motif) ligand 1 (melanoma 
groWth stimulating activity, alpha); chemokine (C-X-C 
motif) ligand 6 (granulocyte chemotactic protein 2); 
chemokine (C-X-C motif) ligand 3; and tumor necrosis 
factor, alpha-induced protein 3, Wherein the expression is 
increased relative to that of a human cell Which is a 
?broblast, a mesenchymal stem cell, an ileac crest bone 
marroW cell, or placenta-derived cell. The cells are capable 
of self-reneWal and expansion in culture, and have the 
potential to differentiate into cells of other phenotypes. Also 
provided are therapeutic cell cultures comprising the iso 
lated human umbilicus-derived cells. 

[0024] In another of its several aspects, the invention 
provides isolated human umbilicus-derived cells capable of 
self-reneWal and expansion in culture and Which have the 
potential to differentiate into cells of other phenotypes, 
Wherein the cells do not stimulate allogeneic lymphocytes in 
a mixed lymphocyte reaction, and expresses PD-L2, but not 
HLA-G, CD178, HLA-DR, HLA-DP, HLA-DQ, CD80, 
CD86, or B7-H2. In some preferred embodiments, the cells 
do not stimulate allogeneic PBMCs. More preferably they 
do not stimulate allogeneic lymphocytes, allogeneic T-cells, 
or nai've T-cells, or generate other adverse immunological 
responses in either matched or unmatched recipients. The 
cells also can produce vimentin and alpha-smooth muscle 
actin in certain embodiments. 

[0025] In another aspect, the invention provides isolated 
human umbilicus-derived cells that secrete one or more of 

the angiogenic factors MCP-l, IL-6, IL-8, GCP-2, HGF, 
KGF, FGF, HB-EGF, BDNF, TPO, or TIMP1. In certain 
embodiments, the cells secrete several or all of the afore 
mentioned molecules. In other embodiments, the cells do not 
secrete one or more of the angiogenic factors SDF-lalpha, 
TGF-beta2, ANG2, PDGFbb or VEGF, as detected by 
ELISA. In particular embodiments, they secrete feW or none 
of those molecules. 

[0026] In another aspect of the invention, therapeutic cell 
cultures are provided, the cell cultures comprising the iso 
lated cells as described above for use in treating patients in 
need of angiogenesis-stimulating trophic factors. Such 
therapeutic cell cultures are also provided for use in treating 
a patient in need of neural groWth stimulating trophic 
factors. 
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[0027] Methods of deriving cells from non-blood human 
umbilical tissue are provided. The cells are capable of 
self-reneWal and expansion in culture, and have the potential 
to differentiate into cells of other phenotypes. The method 
comprises (a) obtaining human umbilical tissue; (b) remov 
ing substantially all of the blood to yield a substantially 
blood-free umbilical tissue, (c) dissociating the tissue by 
mechanical or enZymatic treatment, or both, (d) resuspend 
ing the tissue in a culture medium, and (e) providing groWth 
conditions Which alloW for the groWth of a human umbili 
cus-derived cell capable of self-reneWal and expansion in 
culture and having the potential to differentiate into cells of 
other phenotypes. Preferred methods involve enZymatic 
treatment With, for example, collagenase and dispase, or 
collagenase, dispase, and hyaluronidase, and such methods 
are provided herein. 

[0028] Isolated human umbilicus-derived cells derived by 
the above method are also provided herein. The cells main 
tain a consistent normal karyotype notWithstanding repeated 
passaging in certain embodiments. Also provided are cul 
tures of human umbilicus-derived cells derived by the above 
method, Wherein the cultures are free of maternal cells. 
Further provided are cells and cultures of such cells Wherein 
the cells isolated by any of a variety of methods in any of a 
variety of media, even When cultured under a Wide range 
range of conditions, are capable of maintaining a substan 
tially consistent pro?le of expressed surface markers, or 
substantially consistent pro?le of expression of genes that 
characterize the cells, e.g. “signature gene pro?les” includ 
ing for example, expression patterns of Which are speci?c to 
certain stem cells and/or to certain postpartum cells. 

[0029] Co-cultures comprising the cells or cultures of the 
invention With other mammalian cells are also provided 
herein. Preferably these co-cultures comprise another human 
cell line Who se groWth or therapeutic potential, for example, 
is improved by the presence of the umbilicus-derived cells. 
Such co-cultures are useful for therapeutic application in 
vitro or in vivo. 

[0030] Also provided herein are therapeutic compositions 
comprising an umbilicus-dcrivcd cell and another thcrapcu 
tic agent, factor, or bioactive agent. Such factors include, but 
are not limited to, IGF, LIF, PDGF, EGF, FGF, as Well as 
antithrombogenic, antiapoptotic agents, anti-in?ammatory 
agents, immunosuppressive or immunomodulatory agents, 
and antioxidants. Such therapeutic compositions can further 
comprise one or more additional cell types in addition to the 
UDCs and the bioactive component. 

[0031] In addition to the above, compositions derived 
from the cells are provided herein. Cell lysates, soluble cell 
fractions and membrane-enriched cell fractions are provided 
herein. Extracellular matrices derived from the cells, for 
example, comprising basement membranes are also useful 
and are provided herein. 

[0032] Compositions of the invention also include condi 
tioned culture media as provided herein. Such media have 
?rst been used to groW the cells or cultures of the invention, 
Which during groWth secrete one or more useful products 
into the medium. Conditioned medium from these novel 
cells are useful for many purposes, including for example, 
supporting the groWth of other mammalian cells in need of 
groWth factors or trophic factors secreted into the media by 
the cells and cultures of the invention, and promoting, for 
example, angiogenesis. 
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[0033] Methods are provided of inducing the cells to 
differentiate along a pathway towards progenitors of various 
cells, or even into terminally differentiated cells themselves. 
Such cells have utility for therapeutic treatment of certain 
conditions, disorders and disease states. Such cells also have 
utility for diagnostic protocols, such as for use in assays to 
identify therapeutic agents. 
[0034] The invention also provides methods of utiliZing 
the differentiated umbilicus-derived cells or the progenitors 
for therapeutic uses, including but not limited to angiogenic 
application, neuronal applications, soft tissue applications, 
occular applications, and applications Wherein the cells are 
useful in treatment of heart, kidney, bone, cartilage, pan 
creas, liver, and other tissues alone or in combination With 
other therapeutic agents. 

[0035] Kits are also provided herein. Kits useful for the 
groWth, isolation and use of the umbilical-derived cells are 
provided. 
[0036] In another of it several aspects, the invention 
provides isolated postpartum-derived cells comprising a 
“signature gene pro?le” Which distinguishes the PPDCs 
from other cells of different origin and from other knoWn 
toti-and pluripotent cells. Preferred signature gene pro?les 
comprise those Wherein mRNA from genes for reticulon, 
oxidiZed LDL receptor, and IL-8 are present independent of 
Whether the cells are groWn in medium containing serum or 
medium free of serum. Also provide are such cells further 
comprising the ability to alter the expression of its cell 
surface markers When groWn in medium containing serum 
relative to that in serum free medium. Of particular interest 
presently are cells Wherein the markers for PDGFreceptor 
alpha and HLA-ABC can be altered. 

[0037] Also provided are methods for the preparation of 
therapeutic cells or cultures comprising: isolating cells; 
initially expanding the cells to a useful number in a serum 
containing medium Which supports cell expansion but in 
Which the cells produce a quantity of the cell surface marker 
HLA-ABC; transferring the cells to a medium in Which the 
cells produce a decreased amount of the cell surface marker 
HLA-ABC; and passaging the cells in the medium in Which 
the cells produce a decreased amount of the HLA-ABC, 
thereby preparing a therapeutic cell or culture. In presently 
preferred embodiments, the medium in Which the cells 
produce a decreased amount of the cell surface marker 
HLA-ABC is a serum-free medium. The methods are par 
ticularly useful for the production of therapeutic cells or 
cultures for implantation or grafting. 

[0038] Also provided in accordance With present inven 
tion are serum-free media for the expansion of postpartum 
derived cells Wherein the media has one or more groWth 
factors added. Presently preferred groWth factors to be added 
are bFGF, EGF, or PDGF. 

[0039] Methods are also provided for isolating and cul 
turing postpartum cells, particularly umbilicus-derived cells, 
in serum-containing and serum-free media, With or Without 
beta-mercaptoethanol, With or Without various groWth fac 
tors, on surfaces coated With gelatin, or CELLBIND, or 
other treatments to alloW attachment. Methods of culturing 
the cells also include varied conditions of oxygen, and other 
groWth parameters. 
[0040] In another aspect, the invention provides therapeu 
tic cultures comprising postpartum-derived cells expanded 
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in serum-free medium. Preferred cultures having a signature 
gene pro?le Wherein mRNA from genes for reticulon, oxi 
diZed LDL receptor, and IL-8 are present independent of 
Whether the cells are groWn in medium containing serum or 
medium free of serum. 

[0041] Also provided are cell culture banks and deposi 
tories and the like comprising postpartum-derived cells and 
cultures of the invention. 

[0042] These and further aspects of the invention Will be 
described in greater detail beloW. 

DETAILED DESCRIPTION 

[0043] De?nitions 

[0044] Various terms used throughout the speci?cation 
and claims are de?ned as set forth beloW. 

[0045] Stem cells are undifferentiated cells de?ned by the 
ability of a single cell both to self-reneW, and to differentiate 
to produce progeny cells, including self-reneWing progeni 
tors, non-reneWing progenitors, and terminally differentiated 
cells. Stem cells are also characteriZed by their ability to 
differentiate in vitro into functional cells of various cell 
lineages from multiple germ layers (endoderm, mesoderrn 
and ectoderrn), as Well as to give rise to tissues of multiple 
germ layers folloWing transplantation, and to contribute 
substantially to most, if not all, tissues folloWing injection 
into blastocysts. 

[0046] Stem cells are classi?ed according to their devel 
opmental potential as: (l) totipotent; (2) pluripotent; (3) 
multipotent; (4) oligopotent; and (5) unipotent. Totipotent 
cells are able to give rise to all embryonic and extraembry 
onic cell types. Pluripotent cells are able to give rise to all 
embryonic cell types. Multipotent cells include those able to 
give rise to a subset of cell lineages, but all Within a 
particular tissue, organ, or physiological system (for 
example, hematopoietic stem cells (HSC) can produce prog 
eny that include HSC (self-reneWal), blood cell-restricted 
oligopotent progenitors, and all cell types and elements (e. g., 
platelets) that are normal components of the blood). Cells 
that are oligopotent can give rise to a more restricted subset 
of cell lineages than multipotent stem cells; and cells that are 
unipotent are able to give rise to a single cell lineage (e.g., 
spermatogenic stem cells). 

[0047] Stem cells are also categorized on the basis of the 
source from Which they may be obtained. An adult stem cell 
is generally a multipotent undifferentiated cell found in 
tissue comprising multiple differentiated cell types. The 
adult stem cell can reneW itself. Under normal circum 
stances, it can also differentiate to yield the specialiZed cell 
types of the tissue from Which it originated, and possibly 
other tissue types. An embryonic stem cell is a pluripotent 
cell from the inner cell mass of a blastocyst-stage embryo. 
A fetal stem cell is one that originates from fetal tissues or 
membranes. A postpartum stem cell is a multipotent or 
pluripotent cell that originates substantially from extraem 
bryonic tissue available after birth, namely, the placenta and 
the umbilical cord. These cells have been found to possess 
features characteristic of pluripotent stem cells, including 
rapid proliferation and the potential for differentiation into 
many cell lineages. Postpartum stem cells may be blood 
derived (e.g., as are those obtained from umbilical cord 
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blood) or non-blood-derived (e.g., as obtained from the 
non-blood tissues of the umbilical cord and placenta). 

[0048] Embryonic tissue is typically de?ned as tissue 
originating from the embryo (Which in humans refers to the 
period from fertilization to about six Weeks of development. 
Fetal tissue refers to tissue originating from the fetus, Which 
in humans refers to the period from about six Weeks of 
development to parturition. Extraembryonic tissue is tissue 
associated With, but not originating from, the embryo or 
fetus. Extraembryonic tissues include extraembryonic mem 
branes (chorion, amnion, yolk sac and allantois), umbilical 
cord and placenta (Which itself forms from the chorion and 
the maternal decidua basalis). 

[0049] Differentiation is the process by Which an unspe 
cialiZed (“uncommitted”) or less specialiZed cell acquires 
the features of a specialiZed cell, such as a nerve cell or a 
muscle cell, for example. A differentiated cell is one that has 
taken on a more specialiZed (“committed”) position Within 
the lineage of a cell. The term committed, When applied to 
the process of differentiation, refers to a cell that has 
proceeded in the differentiation pathWay to a point Where, 
under normal circumstances, it Will continue to differentiate 
into a speci?c cell type or subset of cell types, and cannot, 
under normal circumstances, differentiate into a different 
cell type or revert to a less differentiated cell type. De 
dilferentiation refers to the process by Which a cell reverts to 
a less specialiZed (or committed) position Within the lineage 
of a cell. As used herein, the lineage of a cell de?nes the 
heredity of the cell, i.e. Which cells it came from and What 
cells it can give rise to. The lineage of a cell places the cell 
Within a hereditary scheme of development and differentia 
tion. 

[0050] In a broad sense, a progenitor cell is a cell that has 
the capacity to create progeny that are more differentiated 
than itself, and yet retains the capacity to replenish the pool 
of progenitors. By that de?nition, stem cells themselves are 
also progenitor cells, as are the more immediate precursors 
to terminally differentiated cells. When referring to the cells 
of the present invention, as described in greater detail beloW, 
this broad de?nition of progenitor cell may be used. In a 
narroWer sense, a progenitor cell is often de?ned as a cell 
that is intermediate in the differentiation pathWay, i.e., it 
arises from a stem cell and is intermediate in the production 
of a mature cell type or subset of cell types. This type of 
progenitor cell is generally not able to self-reneW. Accord 
ingly, if this type of cell is referred to herein, it Will be 
referred to as a non-reneWing progenitor cell or as an 
intermediate progenitor or precursor cell. 

[0051] As used herein, the phrase differentiates into a 
mesodermal, ectoderrnal or endodernal lineage refers to a 
cell that becomes committed to a speci?c mesodermal, 
ectoderrnal or endodermal lineage, respectively. Examples 
of cells that differentiate into a mesodermal lineage or give 
rise to speci?c mesodermal cells include, but are not limited 
to, cells that are adipogenic, chondrogenic, cardiogenic, 
dermatogenic, hematopoietic, hemangiogenic, myogenic, 
nephrogenic, urogenitogenic, osteogenic, pericardiogenic, 
or stromal. Examples of cells that differentiate into ectoder 
mal lineage include, but are not limited to epidermal cells, 
neurogenic cells, and neurogliagenic cells. Examples of cells 
that differentiate into endodermal lineage include, but are 
not limited to, pleurigenic cells, hepatogenic cells, cells that 
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give rise to the lining of the intestine, and cells that give rise 
to pancreogenic and splanchogenic cells. 

[0052] The cells of the present invention are generally 
referred to as umbilicus-derived cells (or UDCs). They also 
may sometimes be referred to more generally herein as 
postpartum-derived cells or postpartum cells (PPDCs). In 
addition, the cells may be described as being stem or 
progenitor cells, the latter term being used in the broad 
sense. The term derived is used to indicate that the cells have 
been obtained from their biological source and groWn or 
otherWise manipulated in vitro (e.g., cultured in a groWth 
medium to expand the population and/or to produce a cell 
line). The in vitro manipulations of umbilical stem cells and 
the unique features of the umbilicus-derived cells of the 
present invention are described in detail beloW. 

[0053] Various terms are used to describe cells in culture. 
Cell culture refers generally to cells taken from a living 
organism and groWn under controlled condition (“in culture” 
or “cultured”). A primary cell culture is a culture of cells, 
tissues, or organs taken directly from an organism(s) before 
the ?rst subculture. Cells are expanded in culture When they 
are placed in a groWth medium under conditions that facili 
tate cell groWth and/or division, resulting in a larger popu 
lation of the cells. When cells are expanded in culture, the 
rate of cell proliferation is sometimes measured by the 
amount of time needed for the cells to double in number. 
This is referred to as doubling time. 

[0054] A cell line is a population of cells formed by one or 
more subcultivations of a primary cell culture. Each round 
of subculturing is referred to as a passage. When cells are 
subcultured, they are referred to as having been passaged. A 
speci?c population of cells, or a cell line, is sometimes 
referred to or characterized by the number of times it has 
been passaged. For example, a cultured cell population that 
has been passaged ten times may be referred to as a P10 
culture. The primary culture, i.e., the ?rst culture folloWing 
the isolation of cells from tissue, is designated P0. FolloWing 
the ?rst subculture, the cells are described as a secondary 
culture (P1 or passage 1). After the second subculture, the 
cells become a tertiary culture (P2 or passage 2), and so on. 
It Will be understood by those of skill in the art that there 
may be many population doublings during the period of 
passaging; therefore the number of population doublings of 
a culture is greater than the passage number. The expansion 
of cells (i.e., the number of population doublings) during the 
period betWeen passaging depends on many factors, includ 
ing but not limited to the seeding density, substrate, medium, 
groWth conditions, and time betWeen passaging. 

[0055] A conditioned medium is a medium in Which a 
speci?c cell or population of cells has been cultured, and 
then removed. When cells are cultured in a medium, they 
may secrete cellular factors that can provide trophic support 
to other cells. Such trophic factors include, but are not 
limited to hormones, cytokines, extracellular matrix (ECM), 
proteins, vesicles, antibodies, and granules. The medium 
containing the cellular factors is the conditioned medium. 

[0056] Generally, a trophic factor is de?ned as a substance 
that promotes or at least supports, survival, groWth, prolif 
eration and/or maturation of a cell, or stimulates increased 
activity of a cell. 

[0057] When referring to cultured vertebrate cells, the 
term senescence (also replicative senescence or cellular 
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senescence) refers to a property attributable to ?nite cell 
cultures; namely, their inability to grow beyond a ?nite 
number of population doublings (sometimes referred to as 
Hay?ick’s limit). Although cellular senescence Was ?rst 
described using ?broblast-like cells, most normal human 
cell types that can be groWn successfully in culture undergo 
cellular senescence. The in vitro lifespan of different cell 
types varies, but the maximum lifespan is typically feWer 
than 100 population doublings (this is the number of dou 
blings for all the cells in the culture to become senescent and 
thus render the culture unable to divide). Senescence does 
not depend on chronological time, but rather is measured by 
the number of cell divisions, or population doublings, the 
culture has undergone. Thus, cells made quiescent by 
removing essential groWth factors are able to resume groWth 
and division When the groWth factors are re-introduced, and 
thereafter carry out the same number of doublings as equiva 
lent cells groWn continuously. Similarly, When cells are 
froZen in liquid nitrogen after various numbers of population 
doublings and then thaWed and cultured, they undergo 
substantially the same number of doublings as cells main 
tained unfroZen in culture. Senescent cells are not dead or 
dying cells; they are actually resistant to programmed cell 
death (apoptosis), and have been maintained in their non 
dividing state for as long as three years. These cells are very 
much alive and metabolically active, but they do not divide. 
The nondividing state of senescent cells has not yet been 
found to be reversible by any biological, chemical, or viral 
agent. 

[0058] As used herein, the term GroWth Medium generally 
refers to a medium suf?cient for the culturing of umbilicus 
derived cells. In particular, one presently preferred medium 
for the culturing of the cells of the invention herein com 
prises Dulbecco’s Modi?ed Essential Media (also abbrevi 
ated DMEM herein). Particularly preferred is DMEM-loW 
glucose (also DMEM-LG herein) (Invitrogen, Carlsbad, 
Calif.). The DMEM-loW glucose is preferably supplemented 
With 15% (v/v) fetal bovine serum (e.g. de?ned fetal bovine 
serum, Hyclone, Logan Utah), antibiotics/antimycotics 
(preferably penicillin (100 Units/milliliter), streptomycin 
(100 milligrams/milliliter), and amphotericin B (0.25 micro 
grams/milliliter), (Invitrogen, Carlsbad, Calif.)), and 
0.001% (v/v) 2-mercaptoethanol (Sigma, St. Louis Mo.). In 
some cases different groWth media are used, or different 
supplementations are provided, and these are normally indi 
cated in the text as supplementations to, or deletions from 
the GroWth Medium. 

[0059] In other embodiments, the groWth medium is not 
supplemented With serum, and more preferably the medium 
is not supplemented With any animal-derived protein mate 
rial. This is presently preferred for example for groWing 
cells for clinical or preclinical uses. Such media lacking 
serum altogether, and in even more preferably lacking any 
animal protein supplementation, may be used for both 
isolation and groWth of cells in accordance With the instant 
invention. 

[0060] Also relating to the present invention, the term 
standard groWth conditions, as used herein refers to cultur 
ing of cells at 370 C., in a standard atmosphere comprising 
5% CO2. Relative humidity is maintained at about 100%. 
While foregoing the conditions are useful for culturing, it is 
to be understood that such conditions are capable of being 
varied by the skilled artisan Who Will appreciate the options 
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available in the art for culturing cells, for example, varying 
the temperature, CO2, rotation or agitation, relative humid 
ity, oxygen, groWth medium, and the like. 

[0061] The folloWing abbreviations are used herein: 

[0062] ANG2 (or Ang2) for angiopoietin 2; 

[0063] APC for antigen-presenting cells; 

[0064] BDNF for brain-derived neurotrophic factor; 

[0065] bFGF for basic ?broblast groWth factor; 

[0066] bid (or BID) for “bis in die” (tWice per day); 

[0067] BME for beta mercaptoethanol (or 2-mercaptoet 
hanol); 
[0068] BSP for bone sialoprotein; 

[0069] CK18 for cytokeratin 18; 

[0070] CXC ligand 3 for chemokine receptor ligand 3; 

[0071] DAPI for 4'-6-diamidino-2-phenylindole-2-HCl 

[0072] DMEM for Dulbecco’s Minimal Essential 
Medium; also used herein as synonymous With Dulbecco’s 
Modi?ed Eagle Medium. The skilled artisan Will appreciate 
the composition is the same by either name. 

[0073] DMEMzlg (or DMEMzLg, DMEMzLG) for 
DMEM With loW glucose; 

[0074] EDTA for ethylenediaminetetraacetic acid; 

[0075] EGF for epidermal groWth factor; 

[0076] ERG for Electroretmalgram; 

[0077] FACS for ?uorescent activated cell sorting; 

[0078] FBS for fetal bovine serum; 

[0079] FCS, fetal calf serum; 

[0080] GCP-2 for granulocyte chemotactic protein 2; 

[0081] GFAP for glial ?brillary acidic protein; 

[0082] HB-EGF for heparin-binding epidermal groWth 
factor; 

[0083] HCAEC for human coronary artery endothelial 
cells; 

[0084] HGF for hepatocyte groWth factor; 

[0085] hMSC for human mesenchymal stem cells; 

[0086] HNF-l alpha for hepatocyte-speci?c transcription 
factor; 

[00187] HUVEC for human umbilical vein endothelial 
ce s; 

[0088] I309 for a chemokine and the ligand for the CCR8 
receptor and is responsible for chemoattraction of TH2 type 
T-cells. I309 binds to endothelial cells, stimulates chemot 
axis and invasion of these cells, and enhances HUVEC 
differentiation into capillary-like structures in an in vitro 
Matrigel assay. Furthermore, 1309 is an inducer of angio 
genesis in vivo in both the rabbit cornea and the chick 
chorioallantoic membrane assay (CAM). 

[0089] IL-6 for interleukin-6; 

[0090] IL-8 for interleukin-8; 
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[0091] K19 for keratin 19; 

[0092] K8 for keratin 8; 

[0093] KGF for keratinocyte growth factor; 

[0094] MCP-l for monocyte chemotactic protein 1; 

[0095] MDC for macrophage-derived chemokine; 

[0096] MIPlalpha for macrophage in?ammatory protein 
lalpha; 
[0097] MIPlbeta for macrophage in?ammatory protein 
lbeta; 
[0098] MSC for mesenchymal stem cells; 

[0099] NHDF for normal human dermal ?broblasts; 

[0100] NPE for Neural Progenitor Expansion media; 

[0101] PBMC for peripheral blood mononuclear cell; 

[0102] PBS for phosphate buffered saline; 

[0103] PDGFbb for platelet derived groWth factor; 

[0104] PDGFr/alpha for platelet derived groWth factor 
receptor alpha; 

[0105] PD-L2 for programmed-death ligand 2; 

[0106] PE for phycoerythrin 

[0107] PO for “per os” (by mouth); 

[0108] PPDC for postpartum-derived cell; 

[0109] Rantes (or RANTES) for regulated on activation, 
normal T cell expressed and secreted; 

[0110] rhGDF-S for recombinant human groWth and dif 
ferentiation factor 5; 

[0111] SC for subcutaneously; 

[0112] SDF-lalpha for stromal-derived factor lalpha; 

[0113] SHH for sonic hedgehog; 

[0114] SOP for standard operating procedure; 

[0115] TARC for thymus and activation-regulated 
chemokine; 
[0116] TCP for Tissue culture plastic; 

[0117] TGFbeta2 for transforming groWth factor beta2; 

[0118] TGFbeta-3 for transforming groWth factor beta-3; 

[0119] TIMPl for tissue inhibitor of matrix metallopro 
teinase l; 

[0120] TPO for thrombopoietin; 

[0121] TuJl for BIII Tubulin; 

[0122] UDC for umbilicus-derived cell; 

[0123] VEGF for vascular endothelial groWth factor; 

[0124] vWF for von Willebrand factor; 

[0125] alphaFP for alpha-fetoprotein; 

[0126] Description 
[0127] Various patents and other publications are cited 
herein and throughout the speci?cation, each of Which is 
incorporated in its entirety by reference herein. 
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[0128] In a ?rst aspect, the invention provides isolated 
umbilicus-derived cells comprising cells derived from 
human umbilical cord tissue substantially free of blood. The 
cells are capable of self-reneWal and expansion in culture. 
The umbilicus-derived cells have the potential to differen 
tiate into cells of other phenotypes. In preferred embodi 
ments, the cells can differentiate into any cell of ectodermal, 
mesodermal, or endodermal origin. The invention provides, 
in one of its several aspects cells that are isolated from 
human umbilical tissues. The cells, as disclosed herein, 
preferably are not derived from umbilical cord blood. Nor 
are they endothelial cells derived from, for example, blood 
vessels. Rather, the cells are derived of the remaining 
umbilicus tissues. 

[0129] The cells have been characterized as to several of 
their cellular, genetic, immunological, and biochemical 
properties. For example, the cells have been Well-character 
iZed by their cell surface markers, by their gene expression, 
by their ability to produce certain biochemical trophic 
factors, and by their immunological properties. 

[0130] In another of its several aspects, cell cultures 
comprising the isolated umbilicus-derived cells of the inven 
tion are provided. The cultures are free of maternal cells in 
preferred embodiments herein. Also preferred are cells that 
have a normal karyotype, and those that maintain their 
karyotype as they are passaged. Most highly preferred are 
those cells that have and maintain a normal karyotype 
throughout passaging until at least after senescence. 

[0131] Methods of culturing and expanding umbilicus 
derived cells and cell cultures comprising them are pro 
vided. Presently preferred are cells that require no added 
groWth factors, but rather, are capable of expansion in many 
available culture media, especially those supplemented With 
for example, fetal bovine serum. Preferred media for cul 
turing and expansion of the cells include GroWth Medium, 
de?ned herein as medium comprising Dulbecco’s Modi?ed 
Essential Media (also abbreviated DMEM herein). Preferred 
is DMEM-loW glucose (also DMEM-LG herein) (Invitro 
gen, Carlsbad, Calif.). The DMEM-loW glucose is most 
preferably supplemented With 15% (v/v) fetal bovine serum 
(e.g. de?ned fetal bovine serum, Hyclone, Logan Utah), 
antibiotics/antimycotics (preferably penicillin at 100 Units/ 
milliliter, streptomycin at 100 micrograms/milliliter, and 
amphotericin B at 0.25 micrograms/milliliter; (Invitrogen, 
Carlsbad, Calif.)), and 0.001% (v/v) 2-mercaptoethanol 
(Sigma, St. Louis Mo.). 

[0132] The skilled artisan Will appreciate that the GroWth 
Medium can be variously supplemented and altered in any 
of the Ways knoWn in the art, and may be optimiZed for 
particular reasons. Also preferred for either isolation of cells 
from postpartum tissue or groWth and culturing of the cells 
are those media Which lack any added serum, and those 
media Which are serum-free and animal protein-free. Such 
media are particularly preferred for uses in isolating or 
culturing cells for preclinical or clinical use. Also useful are 
media Which are lacking beta-mercaptoethanol as an addi 
tive. In addition, the cells are able to groW in many other 
culture media, including chemically de?ned media in the 
absence of added serum. Several such media are exempli?ed 
beloW. In addition to routine culturing and maintenance of 
the cells, many other media are knoWn in the art for affecting 
differentiation of such potent cells into speci?c types of cells 
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or progenitors of speci?c cells. The skilled artisan Will 
appreciate that these media are useful for many purposes, 
and are included Within the scope of the invention, but they 
are not necessarily preferred for routine culturing and expan 
sion. 

[0133] In addition to the ?exibility of the cells With respect 
to culturing medium, the cells can groW under a variety of 
environmental conditions. In particular, the cells can groW 
under a Wide range of atmospheric conditions. Presently 
preferred are atmospheres Which range from about 5% O2 to 
about 20% or more 02. The cells groW and expand Well in 
GroWth Medium under these conditions, typically in the 
presence of about 5% CO2, and the balance of the atmo 
sphere as nitrogen. The skilled artisan Will appreciate that 
the cells may tolerate broader ranges of conditions in 
different media, and that optimization for speci?c purposes 
may be appropriate. 

[0134] Although the cells have not demonstrated any 
requirements for speci?c groWth factors, the cells have 
demonstrated a requirement for L-valine over D-valine. 
Thus preferred culture media should have the L-isomer of 
this amino acid present. In addition to the demonstrated 
?exibility of the cells With respect to their groWth require 
ments, preferred are the isolated cells that can attach and 
expand on either a coated or an uncoated tissue culture 
vessel. Tissue culture vessels include plates, ?asks, tubes 
and the like, made of any of the materials knoWn in the 
art4e.g. plastic, polystyrene, glass. Such vessels, Where 
coated, are coated With any of a variety of compounds as are 
knoWn in the art. Presently preferred coated vessels com 
prise a coating With gelatin, laminin, collagen, polyomithine, 
polylysine, vitronectin, or ?bronectin, for example. 

[0135] The isolated cells of the invention also preferably 
expand in the presence of from about 2% to about 15% 
serum, preferably Fetal Bovine Serum, and more preferably 
de?ned Fetal Bovine Serum. The cells also expand in the 
presence or absence of beta-mercaptoethanol, and in the 
presence or absence of added groWth factors including one 
or more of EGF, bFGF, PDGF, VEGF, IGF-I, and LIF. The 
skilled artisan Will appreciate that these ?exible groWth 
requirements alloW for many options When culturing or 
Working With these cells. In certain embodiments, cells are 
groWn in Advanced DMEM (Gibco) containing any one of 
the previously mentioned groWth factors, particularly bFGF. 
As described above, While presently GroWth Medium is 
preferred, there is no absolute requirement for serum; 
groWth has been accomplished in serum-free medium. 

[0136] The cells can also be groWn as attachment-depen 
dent cultures on a variety of surfaces. Presently preferred are 
surfaces treated With gelatin, more prefereably CELLBIND 
Where culture completely free of animal protein are required. 
Other coatings are compatible With groWth of attachment 
dependent cultures such as those provided herein. 

[0137] In a preferred embodiment, the cells have excellent 
doubling and expansion potential and are suitable for use in 
diagnostic and therapeutic applications because their num 
bers can be scaled up readily. The isolated cells preferably 
can double su?iciently to generate yields of greater than 
about 1014 cells in less than about 80 days in culture When 
seeded at about 103 cells/cm2 in a suitable medium. More 
preferred are cells that can double su?iciently to generate 
greater than about 1015 cells in less than about 80 days in 
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culture When seeded at about 5,000 cells/cm2. Still more 
preferred is the isolated cell Which can double su?iciently to 
generate greater than about 1017 cells in less than about 65 
days in culture When seeded at about 5,000 cells/cm2. 

[0138] The isolated cells of the invention can undergo 
extensive doublings. Preferably, the cells undergo at least 30 
doublings before reaching senescence. More preferably, at 
least 40 doublings in culture are attainable. Still more 
preferable are those cells that can achieve more than 40 
doublings before becoming senescent. The cells of the 
invention are preferably able to undergo division over a 
longer period of time, than are, for example, human mes 
enchymal cells, or human ?broblasts, cultured under the 
same conditions. 

[0139] In one embodiment, umbilical cells are isolated in 
the presence of one or more enzyme activities. Abroad range 
of digestive enzymes for use in cell isolation from tissue are 
knoWn in the art, including enzymes ranging from those 
considered Weakly digestive (e.g. deoxyribonucleases and 
the neutral protease, dispase) to strongly digestive (e.g. 
papain and trypsin). Presently preferred are mucolytic 
enzyme activities, metalloproteases, neutral proteases, 
serine proteases (such as trypsin, chymotrypsin, or elastase), 
and deoxyribonucleases. More preferred are enzyme activi 
ties selected from metalloproteases, neutral proteases and 
mucolytic activities. Presently preferred are cells that are 
isolated in the presence of one or more activities of colla 
genase, hyaluronidase and dispase. More preferred are those 
cells isolated in the presence of a collagenase from 
Closlridium hislolylicum, and either of the protease activi 
ties, dispase and thermolysin. Still more preferred are cells 
isolated With collagenase and dispase enzyme activities. 
Also preferred are such cells isolated in the presence of a 
hyaluronidase activity, in addition to collagenase and dis 
pase activity. 

[0140] In another aspect of the invention, isolated umbi 
licus-derived cells having speci?c cell surface marker 
expression pro?les are provided. Preferred cells are charac 
terized in either their production or lack of production of one 
or more cell surface markers selected from CD10, CD13, 
CD31, CD44, CD45, CD73, CD90, CD117, CD141, 
PDGFr-alpha, HLA-A, B, C, and HL-DR, DP, DQ. More 
preferred are cells that are characterized With respect to their 
production, or lack thereof, of several (e.g., tWo, four, ?ve, 
or eight), or even ten of, or all of, the foregoing, to provide 
a pro?le of the cell. In preferred embodiments, the cells 
produce one or more of CD10, CD13, CD44, CD73, CD90, 
PDGFr-alpha, or HLA-A, B, C. More preferred are cells that 
express several or all of the foregoing markers. Still more 
preferred are those cell Which express each of CD10, CD13, 
CD44, CD73, CD90, PDGFr-alpha, and HLA-A, B, C. 

[0141] Preferred cells may also be characterized With 
respect to markers they do not produce, and such informa 
tion is also useful in forming a characterization or immu 
nological pro?le of the cell. Preferably, the cells do not 
produce one or more of CD31, CD34, CD45, CD117, 
CD141, or HLA-DR, DP, DQ, as detected by ?oW cytom 
etry. More preferred are cells that do not produce several or 
more of the foregoing. Still more preferred are cells for 
Which production of none of CD31, CD34, CD45, CD117, 
CD141, or HLA-DR, DP, DQ can be detected by ?oW 
cytometry under the conditions described herein. 
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[0142] In other preferred embodiments, the cells can be 
shown to produce several or more of the CD10, CD13, 
CD44, CD73, CD90, PDGFr-alpha, and HLA-A, B, C and 
concomitantly not produce one, or several, or more of CD3 1, 
CD34, CD45, CD117, CD141, or HLA-DR, DP, DQ as 
detected by How cytometry. More highly preferred are cells 
that produce each of CD10, CD13, CD44, CD73, CD90, 
PDGFr-alpha, and HLA-A, B, C and concomitantly not 
produce any of CD31, CD34, CD45, CD117, CD141, or 
HLA-DR, DP, DQ as detected by How cytometry. 
[0143] Such cells are highly characterized With respect to 
their production of these cell surface proteins. In preferred 
embodiments, the characterization of the cells With respect 
to such production remains substantially constant and does 
not change substantially With variations in isolation proce 
dure, passage, culture conditions, or even the coating or lack 
thereof on a tissue culture vessel. 

[0144] The cells of the invention have also been charac 
teriZed according to their expression of a Wide variety of 
genes. Accordingly, another aspect of the invention provides 
isolated human umbilicus-derived cells, Which are charac 
teriZed, relative to a human cell that is a ?broblast, a 
mesenchymal stem cell, or an ileac crest bone marroW cell, 
in their expression of genes for: short stature homeobox 2; 
heat shock 27 kDa protein 2; chemokine (C-X-C motif) 
ligand 12 (stromal cell-derived factor 1); elastin (supraval 
vular aortic stenosis, Williams-Beuren syndrome); Homo 
sapiens mRNA; cDNA DKFZp586M2022 (from clone 
DKFZp586M2022); mesenchyme homeobox 2 (growth 
arrest-speci?c homeobox); sine oculis homeobox homolog 1 
(Drosophila); crystallin, alpha B; disheveled associated acti 
vator of morphogenesis 2; DKFZP586B2420 protein; simi 
lar to neuralin 1; tetranectin (plasminogen binding protein); 
src homology three (SH3) and cysteine rich domain; B-cell 
translocation gene 1, anti-proliferative; cholesterol 25-hy 
droxylase; runt-related transcription factor 3; hypothetical 
protein FLJ23191; interleukin 11 receptor, alpha; procol 
lagen C-endopeptidase enhancer; friZZled homolog 7 
(Drosophila); hypothetical gene BC008967; collagen, type 
VIII, alpha 1; tenascin C (hexabrachion); iroquois 
homeobox protein 5; hephaestin; integrin, beta 8; synaptic 
vesicle glycoprotein 2; Homo sapiens cDNA FLJ12280 ?s, 
clone MAMMA1001744; cytokine receptor-like factor 1; 
potassium intermediate/small conductance calcium-acti 
vated channel, subfamily N, member 4; integrin, alpha 7; 
DKFZP586L151 protein; transcriptional co-activator With 
PDZ-binding motif (TAZ); sine oculis homeobox homolog 
2 (Drosophila); KIAA1034 protein; early groWth response 
3; distal-less homeobox 5; hypothetical protein FLJ20373; 
aldo-keto reductase family 1, member C3 (3-alpha hydrox 
ysteroid dehydrogenase, type II); biglycan; ?bronectin 1; 
proenkephalin; integrin, beta-like 1 (With EGF-like repeat 
domains); Homo sapiens mRNA full length insert cDNA 
clone EUROIMAGE 1968422; EphA3; KIAA0367 protein; 
natriuretic peptide receptor C/guanylate cyclase C (atrion 
atriuretic peptide receptor C); hypothetical protein 
FLJ14054; Homo sapiens mRNA; cDNA DKFZp564B222 
(from clone DKFZp564B222); vesicle-associated mem 
brane protein 5 (myobrevin); EGF-containing ?bulin-like 
extracellular matrix protein 1; BCL2/adenovirus E1B 19 
kDa interacting protein 3-like; AE binding protein 1; cyto 
chrome c oxidase subunit VIIa polypeptide 1 (muscle); 
neuroblastoma, suppression of tumorigenicity 1; insulin-like 
groWth factor binding protein 2, 36 kDa; as Well as inter 
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leukin 8; reticulon 1; chemokine (C-X-C motif) ligand 1 
(melanoma groWth stimulating activity, alpha); chemokine 
(C-X-C motif) ligand 6 (granulocyte chemotactic protein 2); 
chemokine (C-X-C motif) ligand 3; and tumor necrosis 
factor, alpha-induced protein 3. 
[0145] In one embodiment, preferred cells have the cell 
surface marker characteriZation described above and are 
further characterized in their relative gene expression. For 
example, some preferred cells have the cell surface charac 
teriZation described above and express a gene for one or 

more of interleukin 8; reticulon 1; chemokine (C-X-C motif) 
ligand 1 (melanoma groWth stimulating activity, alpha); 
chemokine (C-X-C motif) ligand 6 (granulocyte chemotac 
tic protein 2); chemokine (C-X-C motif) ligand 3; or tumor 
necrosis factor, alpha-induced protein 3. More preferred are 
those cells that express a gene for several, (e.g., at least tWo, 
four, ?ve or more) of each of the foregoing. The cells are 
capable of self-reneWal and expansion in culture, and have 
the potential to differentiate into cells of other phenotypes. 
Also provided are therapeutic cell cultures comprising the 
isolated human umbilicus-derived cells. 

[0146] Also provided are UDCs comprising the cell sur 
face marker characteriZation and Which relative to a human 
cell that is a ?broblast, a mesenchymal stem cell, or an ileac 
crest bone marroW cell, have reduced expression of one or 
more genes selected from: short stature homeobox 2; heat 
shock 27 kDa protein 2; chemokine (C-X-C motif) ligand 12 
(stromal cell-derived factor 1); elastin (supravalvular aortic 
stenosis, Williams-Beuren syndrome); Homo sapiens 
mRNA; cDNA DKFZp586M2022 (from clone 
DKFZp586M2022); mesenchyme homeobox 2 (groWth 
arrest-speci?c homeobox); sine oculis homeobox homolog 1 
(Drosophila); crystallin, alpha B; disheveled associated acti 
vator of morphogenesis 2; DKFZP586B2420 protein; simi 
lar to neuralin 1; tetranectin (plasminogen binding protein); 
src homology three (SH3) and cysteine rich domain; B-cell 
translocation gene 1, anti-proliferative; cholesterol 25-hy 
droxylase; runt-related transcription factor 3; hypothetical 
protein FLJ23191; interleukin 11 receptor, alpha; procol 
lagen C-endopeptidase enhancer; friZZled homolog 7 
(Drosophila); hypothetical gene BC008967; collagen, type 
VIII, alpha 1; tenascin C (hexabrachion); iroquois 
homeobox protein 5; hephaestin; integrin, beta 8; synaptic 
vesicle glycoprotein 2; Homo sapiens cDNA FLJ12280 ?s, 
clone MAMMA1001744; cytokine receptor-like factor 1; 
potassium intermediate/small conductance calcium-acti 
vated channel, subfamily N, member 4; integrin, alpha 7; 
DKFZP586L151 protein; transcriptional co-activator With 
PDZ-binding motif (TAZ); sine oculis homeobox homolog 
2 (Drosophila); KIAA1034 protein; early groWth response 
3; distal-less homeobox 5; hypothetical protein FLJ20373; 
aldo-keto reductase family 1, member C3 (3-alpha hydrox 
ysteroid dehydrogenase, type II); biglycan; ?bronectin 1; 
proenkephalin; integrin, beta-like 1 (With EGF-like repeat 
domains); Homo sapiens mRNA full length insert cDNA 
clone EUROIMAGE 1968422; EphA3; KIAA0367 protein; 
natriuretic peptide receptor C/guanylate cyclase C (atrion 
atriuretic peptide receptor C); hypothetical protein 
FLJ14054; Homo sapiens mRNA; cDNA DKFZp564B222 
(from clone DKFZp564B222); vesicle-associated mem 
brane protein 5 (myobrevin); EGF-containing ?bulin-like 
extracellular matrix protein 1; BCL2/adenovirus E1B 19 
kDa interacting protein 3-like; AE binding protein 1; cyto 
chrome c oxidase subunit VIIa polypeptide 1 (muscle); 



US 2006/0223177 A1 

neuroblastoma, suppression of tumorigenicity 1; insulin-like 
growth factor binding protein 2, 36 kDa. Preferred are cells 
that have reduced expression of a gene for several (e.g., at 
least 5, 10, 15, 20, 25, 30, 35, 40, 45, 50 or more, or even 
all) of the foregoing. 
[0147] Still more highly preferred are those cells having 
the cell surface marker characterization as described herein 
above and Which also express a gene for each of interleukin 
8; reticulon 1; chemokine (C-X-C motif) ligand 1 (mela 
noma groWth stimulating activity, alpha); chemokine (C-X 
C motif) ligand 6 (granulocyte); chemokine (C-X-C motif) 
ligand 3; or tumor necrosis factor, alpha-induced protein 3, 
and Which relative to a human cell that is a ?broblast, a 
mesenchymal stem cell, or an ileac crest bone marroW cell, 
have reduced expression of one or more genes selected 
from: short stature homeobox 2; heat shock 27 kDa protein 
2; chemokine (C-X-C motif) ligand 12 (stromal cell-derived 
factor 1); elastin (supravalvular aortic stenosis, Williams 
Beuren syndrome); Homo sapiens mRNA; cDNA 
DKFZp586M2022 (from clone DKFZp586M2022); mesen 
chyme homeobox 2 (groWth arrest-speci?c homeobox); sine 
oculis homeobox homolog 1 (Drosophila); crystallin, alpha 
B; disheveled associated activator of morphogenesis 2; 
DKFZP586B2420 protein; similar to neuralin 1; tetranectin 
(plasminogen binding protein); src homology three (SH3) 
and cysteine rich domain; B-cell translocation gene 1, anti 
proliferative; cholesterol 25-hydroxylase; runt-related tran 
scription factor 3; hypothetical protein FLJ23191; interleu 
kin 11 receptor, alpha; procollagen C-endopeptidase 
enhancer; friZZled homolog 7 (Drosophila); hypothetical 
gene BC008967; collagen, type VIII, alpha 1; tenascin C 
(hexabrachion); iroquois homeobox protein 5; hephaestin; 
integrin, beta 8; synaptic vesicle glycoprotein 2; Homo 
sapiens cDNA FLJ12280 ?s, clone MAMMA1001744; 
cytokine receptor-like factor 1; potassium intermediate/ 
small conductance calcium-activated channel, subfamily N, 
member 4; integrin, alpha 7; DKFZP586L151 protein; tran 
scriptional co-activator With PDZ-binding motif (TAZ); sine 
oculis homeobox homolog 2 (Drosophila); KIAA1034 pro 
tein; early groWth response 3; distal-less homeobox 5; 
hypothetical protein FLJ20373; aldo-keto reductase family 
1, member C3 (3 -alpha hydroxysteroid dehydrogenase, type 
II); biglycan; ?bronectin 1; proenkephalin; integrin, beta 
like 1 (With EGF-like repeat domains); Homo sapiens 
mRNA full length insert cDNA clone EUROIMAGE 
1968422; EphA3; KIAA0367 protein; natriuretic peptide 
receptor C/guanylate cyclase C (atrionatriuretic peptide 
receptor C); hypothetical protein FLJ14054; Homo sapiens 
mRNA; cDNA DKFZp564B222 (from clone 
DKFZp564B222); vesicle-associated membrane protein 5 
(myobrevin); EGF-containing ?bulin-like extracellular 
matrix protein 1; BCL2/adenovirus ElB 19 kDa interacting 
protein 3-like; AE binding protein 1; cytochrome c oxidase 
subunit Vlla polypeptide 1 (muscle); neuroblastoma, sup 
pression of tumorigenicity 1; insulin-like groWth factor 
binding protein 2, 36 kDa. 
[0148] In another of its aspects, the invention provides 
isolated human umbilicus-derived cells, Which relative to a 
human cell that is a ?broblast, a mesenchymal stem cell, or 
an ileac crest bone marroW cell, have reduced expression of 
genes for each of: short stature homeobox 2; heat shock 27 
kDa protein 2; chemokine (C-X-C motif) ligand 12 (stromal 
cell-derived factor 1); elastin (supravalvular aortic stenosis, 
Williams-Beuren syndrome); Homo sapiens mRNA; cDNA 
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DKFZp586M2022 (from clone DKFZp586M2022); mesen 
chyme homeobox 2 (groWth arrest-speci?c homeobox); sine 
oculis homeobox homolog 1 (Drosophila); crystallin, alpha 
B; disheveled associated activator of morphogenesis 2; 
DKFZP586B2420 protein; similar to neuralin 1; tetranectin 
(plasminogen binding protein); src homology three (SH3) 
and cysteine rich domain; B-cell translocation gene 1, anti 
proliferative; cholesterol 25-hydroxylase; runt-related tran 
scription factor 3; hypothetical protein FLJ23191; interleu 
kin 11 receptor, alpha; procollagen C-endopeptidase 
enhancer; friZZled homolog 7 (Drosophila); hypothetical 
gene BC008967; collagen, type VIII, alpha 1; tenascin C 
(hexabrachion); iroquois homeobox protein 5; hephaestin; 
integrin, beta 8; synaptic vesicle glycoprotein 2; Homo 
sapiens cDNA FLJ12280 ?s, clone MAMMA1001744; 
cytokine receptor-like factor 1; potassium intermediate/ 
small conductance calcium-activated channel, subfamily N, 
member 4; integrin, alpha 7; DKFZP586L151 protein; tran 
scriptional co-activator With PDZ-binding motif (TAZ); sine 
oculis homeobox homolog 2 (Drosophila); KIAA1034 pro 
tein; early groWth response 3; distal-less homeobox 5; 
hypothetical protein FLJ20373; aldo-keto reductase family 
1, member C3 (3 -alpha hydroxysteroid dehydrogenase, type 
II); biglycan; ?bronectin 1; proenkephalin; integrin, beta 
like 1 (With EGF-like repeat domains); Homo sapiens 
mRNA full length insert cDNA clone EUROIMAGE 
1968422; EphA3; KIAA0367 protein; natriuretic peptide 
receptor C/guanylate cyclase C (atrionatriuretic peptide 
receptor C); hypothetical protein FLJ14054; Homo sapiens 
mRNA; cDNA DKFZp564B222 (from clone 
DKFZp564B222); vesicle-associated membrane protein 5 
(myobrevin); EGF-containing ?bulin-like extracellular 
matrix protein 1; BCL2/adenovirus ElB 19 kDa interacting 
protein 3-like; AE binding protein 1; cytochrome c oxidase 
subunit Vlla polypeptide 1 (muscle); neuroblastoma, sup 
pression of tumorigenicity 1; insulin-like groWth factor 
binding protein 2, 36 kDa; and Which express a gene for each 
of interleukin 8; reticulon 1; chemokine (C-X-C motif) 
ligand 1 (melanoma groWth stimulating activity, alpha); 
chemokine (C-X-C motif) ligand 6 (granulocyte chemotac 
tic protein 2); chemokine (C-X-C motif) ligand 3; and tumor 
necrosis factor, alpha-induced protein 3, Wherein the expres 
sion is increased relative to that of a human cell Which is a 
?broblast, a mesenchymal stem cell, an ileac crest bone 
marroW cell, or placenta-derived cell. Such cells need not be 
characterized With respect to their cell surface markers, but 
such cells preferably are capable of self-reneWal and expan 
sion in culture and also have the ability to differentiate in 
culture. Most preferred are cells Which are isolated as 
adherent cells as described beloW, hoWever, such cells can 
also be groWn after isolation in a spherical form under 
certain conditions, thus they are not obligatorily adherent. 

[0149] Certain preferred embodiments include cells as 
described above Which also produce vimentin or alpha 
smooth muscle actin. More preferred are cells that produce 
both vimentin and alpha-smooth muscle actin. The produc 
tion of these proteins appears to distinguish the cells of the 
instant invention from hematopoietic cells isolated form 
umbilical cord blood for example. 

[0150] In preferred embodiments, the above gene expres 
sion pro?les are substantially stable and do not vary With 
passaging or normal culturing conditions. Of course, it is 
understood that such a pro?le may vary When cells are 
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grown under conditions Which stimulate or induce differen 
tiation into other phenotypes, for example, or the expression 
of a different set of genes. 

[0151] The invention also provides therapeutic cell cul 
tures comprising the cell having the cell surface production 
or gene expression pro?les, or both, as described above. Cell 
banks comprising therapeutic cultures are similarly included 
With in the scope of the invention. For example, a cell bank 
may include cultured cells of the invention at various 
passages, as Well as cells of the invention Which have been 
induced to differentiate to different phenotypes. Other cells 
may be successfully banked either separately or in co 
culture With the cells of the invention. A complete cell bank 
may include the banked cells of a Wide variety of individu 
als. In preferred embodiments, banked cells are stored 
cryopreserved at —1800 C. for example. Cells are preferably 
stored at —90° C. in some embodiments. The cells of the 
invention are readily cryopreserved under a variety of con 
ditions such as are knoWn in the art. 

[0152] In preferred embodiments, the cells lack the cell 
surface molecules required to substantially stimulate allo 
geneic lymphocytes in a mixed lymphocyte reaction. In 
more preferred embodiments, the cells lack the surface 
molecules required to substantially stimulate CD4+ T-cells 
in in vitro assessments, or in vivo in allogeneic, syngeneic, 
or autologous recipients. Still more preferred are those cells 
that do cause not any substantial adverse immunological 
consequences for in vivo applications. The therapeutic cell 
cultures lack detectable amounts of at least tWo, or several, 
or all of the stimulating proteins HLA-DR, HLA-DP, HLA 
DQ, CD80, CD86, and B7-H2, as determined by How 
cytometry. Those lacking all of the foregoing are most 
preferred. Also preferred are therapeutic cell cultures Which 
further lack detectable amounts of one or both of the 
immunomodulating proteins HLA-G and CD178, as deter 
mined by ?oW cytometry. Also preferred are therapeutic cell 
cultures Which express detectable amounts of the immuno 
modulating protein PD-L2, as determined by How cytom 
etry. In one embodiment, the therapeutic cell culture does 
not substantially stimulate a lymphocyte mediated response 
in vitro, as compared to allogeneic controls in a mixed 
lymphocyte reaction. 

[0153] In another of its several aspects, the invention 
provides isolated human umbilicus-derived cells capable of 
self-reneWal and expansion in culture and Which have the 
potential to differentiate into cells of other phenotypes, 
Wherein the cells do not substantially stimulate allogeneic 
lymphocytes in a mixed lymphocyte reaction. More pre 
ferred are cells Which do not substantially stimulate CD4+ T 
cells, and Which produce PD-L2, but not one or more of 
HLA-G, CD178, HLA-DR, HLA-DP, HLA-DQ, CD80, 
CD86, or B7-H2. The cells also can produce vimentin or 
alpha-smooth muscle actin in certain embodiments. More 
preferred are cells producing both vimentin and alpha 
smooth muscle actin. Still more preferred are those cells not 
producing any of HLA-G, CD178, HLA-DR, HLA-DP, 
HLA-DQ, CD80, CD86, and B7-H2. 

[0154] Cells of the invention Which secrete useful mol 
ecules, for example, groWth factors, are presently preferred. 
Such cells have utility not only for the their cellular prop 
erties but for their secreted molecules, for example in 
conditioned medium, or cell-free lysates. In another aspect, 
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the invention provides isolated human umbilicus-derived 
cells that secrete one or more of the angiogenic factors 

MCP-1, IL-8, GCP-2, HGF, KGF, FGF, HB-EGF, TPO, or 
TIMP1. In certain embodiments, the cells secrete all of the 
foregoing factors. The cells do not secrete one or more of the 
angiogenic factors SDF-l alpha, TGF-beta2, ANG2, PDG 
Fbb or VEGF, as detected by ELISA. In certain embodi 
ments they secrete none of SDF-lalpha, TGF-beta2, ANG2, 
PDGFbb or VEGF, as detected by ELISA. 

[0155] In another aspect, the cells of the invention are 
de?ned according to a combination of many of the charac 
teristics provided herein. For example, the invention pro 
vides isolated umbilicus-derived cells comprising L-valine 
requiring cells derived from mammalian postpartum tissue 
substantially free of blood. The cells are capable of self 
reneWal and expansion in culture and have the potential to 
differentiate into cells of other phenotypes; for example 
cardiomyocytes, or their progenitors. Cells may be isolated 
from umbilicus tissue of any mammal of interest by the 
techniques provided herein. Human cells are presently pre 
ferred. The cells can be groWn under a Wide range of 
conditions, including a Wide variety of culture media, and 
environmental conditions. The cells can be groWn at least 
from about 35° C. to about 39° C., and possibly a Wider 
range depending on other conditions. The cells can be groWn 
in chemically-de?ned media, or in medium With added 
mammalian serum, for example fetal bovine serum. The 
cells also tolerate cryopreservation at various stages. Cells 
can be maintained froZen, or banked at temperatures pref 
erably at or below —800 C. for long periods. Other preferred 
temperatures range from about —90° C. to about —1800 C. or 
beloW. SpecialiZed electric freeZers can be used, or cells can 
be stored in the liquid or vapor phases of nitrogen. Tissues 
can also be banked prior to the isolation of the cells. 
Preferably Good Banking Procedures, such as are knoWn in 
the art, are folloWed. 

[0156] The cells are capable of groWth in atmospheres 
containing oxygen from about 5% to at least about 20% and 
comprise at least one of the folloWing characteristics: the 
cells have the potential for at least about 40 doublings in 
culture; the cells preferably are adherent, thus attachment 
and expansion on a coated or uncoated tissue culture vessel 
is preferred, Wherein a coated tissue culture vessel comprises 
a coating of gelatin, laminin, collagen, polyornithine, polyl 
ysine, vitronectin, or ?bronectin; 

[0157] The cells preferably produce of at least one of 
tissue factor, vimentin, and alpha-smooth muscle actin; 
more preferred are cells Which produce each of tissue factor, 
vimentin, and alpha-smooth muscle actin; production of at 
least one of CD10, CD13, CD44, CD73, CD90, PDGFr 
alpha, PD-L2 and HLA-A, B, C is also preferred. The cells 
are also characterized in their lack of production of at least 
one of CD31, CD34, CD45, CD80, CD86, CD117, CD141, 
CD178, B7-H2, HLA-G, and HLA-DR, DP, DQ, as detected 
by How cytometry; more preferable cells lack production of 
all of these surface markers. Also preferred are cells Which 
express at least one of interleukin 8; reticulon 1; chemokine 
(C-X-C motif) ligand 1 (melanoma groWth stimulating 
activity, alpha); chemokine (C-X-C motif) ligand 6 (granu 
locyte chemotactic protein 2); chemokine (C-X-C motif) 
ligand 3; and tumor necrosis factor, alpha-induced protein 3. 
Preferred cells also have expression, Which relative to a 
human cell that is a ?broblast, a mesenchymal stem cell, or 
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an ileac crest bone marrow cell, is reduced for at least one 
of: short stature homeobox 2; heat shock 27 kDa protein 2; 
chemokine (C-X-C motif) ligand 12 (stromal cell-derived 
factor 1); elastin (supravalvular aortic stenosis, Williams 
Beuren syndrome); Homo sapiens mRNA; cDNA 
DKFZp586M2022 (from clone DKFZp586M2022); mesen 
chyme homeobox 2 (growth arrest-speci?c homeobox); sine 
oculis homeobox homolog 1 (Drosophila); crystallin, alpha 
B; disheveled associated activator of morphogenesis 2; 
DKFZP586B2420 protein; similar to neuralin 1; tetranectin 
(plasminogen binding protein); src homology three (SH3) 
and cysteine rich domain; B-cell translocation gene 1, anti 
proliferative; cholesterol 25-hydroxylase; runt-related tran 
scription factor 3; hypothetical protein FLJ23191; interleu 
kin 11 receptor, alpha; procollagen C-endopeptidase 
enhancer; frizzled homolog 7 (Drosophila); hypothetical 
gene BC008967; collagen, type VIII, alpha 1; tenascin C 
(hexabrachion); iroquois homeobox protein 5; hephaestin; 
integrin, beta 8; synaptic vesicle glycoprotein 2; Homo 
sapiens cDNA FLJ12280 ?s, clone MAMMA1001744; 
cytokine receptor-like factor 1; potassium intermediate/ 
small conductance calcium-activated channel, subfamily N, 
member 4; integrin, alpha 7; DKFZP586L151 protein; tran 
scriptional co-activator With PDZ-binding motif (TAZ); sine 
oculis homeobox homolog 2 (Drosophila); KIAA1034 pro 
tein; early groWth response 3; distal-less homeobox 5; 
hypothetical protein FLJ20373; aldo-keto reductase family 
1, member C3 (3 -alpha hydroxysteroid dehydrogenase, type 
II); biglycan; ?bronectin 1; proenkephalin; integrin, beta 
like 1 (With EGF-like repeat domains); Homo sapiens 
mRNA full length insert cDNA clone EUROIMAGE 
1968422; EphA3; KIAA0367 protein; natriuretic peptide 
receptor C/guanylate cyclase C (atrionatriuretic peptide 
receptor C); hypothetical protein FLJ14054; Homo sapiens 
mRNA; cDNA DKFZp564B222 (from clone 
DKFZp564B222); vesicle-associated membrane protein 5 
(myobrevin); EGF-containing ?bulin-like extracellular 
matrix protein 1; BCL2/adenovirus E1B 19 kDa interacting 
protein 3-like; AE binding protein 1; cytochrome c oxidase 
subunit Vlla polypeptide 1 (muscle); neuroblastoma, sup 
pression of tumorigenicity 1; insulin-like groWth factor 
binding protein 2, 36 kDa; the skilled artisan Will appreciate 
that the expression of a Wide variety of genes is conveniently 
characterized on a gene array, for example on a A?‘ymetrix 
GENECHIP®. 

[0158] The cells secrete a variety of biochemically-active 
factors, such as groWth factors, chemokines, cytokines and 
the like. Preferred cells secrete at least one of MCP-1, IL-6, 
IL-8, GCP-2, HGF, KGF, FGF, HB-EGF, BDNF, TPO, 
MlPlalpha, RANTES, and TIMP1; preferred cells may 
alternatively be characterized in their lack of secretion of at 
least one of TGF-beta2, ANG2, PDGFbb, MlPlbeta, 1309, 
MDC, and VEGF, as detected by ELISA. These and other 
characteristics are available to identify and characterize the 
cells, and distinguish the cells of the invention from others 
knoWn in the art. 

[0159] In preferred embodiments, the cell comprises tWo 
or more of the foregoing characteristics. More preferred are 
those cells comprising, three, four, or ?ve or more of the 
characteristics. Still more preferred are those isolated post 
partum cells comprising six, seven, or eight or more of the 
characteristics. Still more preferred presently are those cells 
comprising all nine of the claimed characteristics. 
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[0160] Also presently preferred are cells that produce at 
least tWo of tissue factor, vimentin, and alpha-smooth 
muscle actin. More preferred are those cells producing all 
three of the proteins tissue factor, vimentin, and alpha 
smooth muscle actin. 

[0161] The skilled artisan Will appreciate that cell markers 
are subject to vary someWhat under vastly different groWth 
conditions, and that generally herein described are charac 
terizations in GroWth Medium, or variations thereof. Post 
partum-derived cells that produce of at least one, tWo, three, 
or four of CD10, CD13, CD44, CD73, CD90, PDGFr-alpha, 
PD-L2 and HLA-A, B, C are preferred. More preferred are 
those cells producing ?ve, six, or seven of these cell surface 
markers. Still more preferred are postpartum cells that can 
produce all eight of the foregoing cell surface marker 
proteins. 
[0162] Similarly, postpartum cells that lack production of 
at least one, tWo, three, or four of the proteins CD31, CD34, 
CD45, CD80, CD86, CD117, CD141, CD178, B7-H2, 
HLA-G, and HLA-DR, DP, DQ, as detected by How cytom 
etry are presently preferred. Cells lacking production of at 
least ?ve, six, seven or eight or more of these markers are 
also preferred. More preferred are cells Which lack produc 
tion of at least nine or ten of the cell surface markers. Most 
highly preferred are those cells lacking production of all 
eleven of the foregoing identifying proteins. 

[0163] Presently preferred cells produce each of CD10, 
CD13, CD44, CD73, CD90, PDGFr-alpha, and HLA-A, B, 
C, and do not produce any of CD31, CD34, CD45, CD117, 
CD141, or HLA-DR, DP, DQ, as detected by How cytom 
etry. 

[0164] Presently, it is preferred that postpartum-derived 
cells express at least one, tWo or three of interleukin 8; 
reticulon 1; chemokine (C-X-C motif) ligand 1 (melanoma 
groWth stimulating activity, alpha); chemokine (C-X-C 
motif) ligand 6 (granulocyte chemotactic protein 2); 
chemokine (C-X-C motif) ligand 3; and tumor necrosis 
factor, alpha-induced protein 3. More preferred are those 
cells Which express four or ?ve, and still more preferred are 
cell capable of expressing all six of the foregoing genes. 

[0165] For some embodiments, preferred are cells, Which 
relative to a human cell that is a ?broblast, a mesenchymal 
stem cell, or an ileac crest bone marroW cell, have reduced 
expression for at least one of the genes corresponding to: 
short stature homeobox 2; heat shock 27 kDa protein 2; 
chemokine (C-X-C motif) ligand 12 (stromal cell-derived 
factor 1); elastin (supravalvular aortic stenosis, Williams 
Beuren syndrome); Homo sapiens mRNA; cDNA 
DKFZp586M2022 (from clone DKFZp586M2022); mesen 
chyme homeobox 2 (groWth arrest-speci?c homeobox); sine 
oculis homeobox homolog 1 (Drosophila); crystallin, alpha 
B; disheveled associated activator of morphogenesis 2; 
DKFZP586B2420 protein; similar to neuralin 1; tetranectin 
(plasminogen binding protein); src homology three (SH3) 
and cysteine rich domain; B-cell translocation gene 1, anti 
proliferative; cholesterol 25-hydroxylase; runt-related tran 
scription factor 3; hypothetical protein FLJ23191; interleu 
kin 11 receptor, alpha; procollagen C-endopeptidase 
enhancer; frizzled homolog 7 (Drosophila); hypothetical 
gene BC008967; collagen, type VIII, alpha 1; tenascin C 
(hexabrachion); iroquois homeobox protein 5; hephaestin; 
integrin, beta 8; synaptic vesicle glycoprotein 2; Homo 
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sapiens cDNA FLJ12280 ?s, clone MAMMA1001744; 
cytokine receptor-like factor 1; potassium intermediate/ 
small conductance calcium-activated channel, subfamily N, 
member 4; integrin, alpha 7; DKFZP586L151 protein; tran 
scriptional co-activator With PDZ-binding motif (TAZ); sine 
oculis homeobox homolog 2 (Drosophila); KIAA1034 pro 
tein; early growth response 3; distal-less homeobox 5; 
hypothetical protein FLJ20373; aldo-keto reductase family 
1, member C3 (3 -alpha hydroxysteroid dehydrogenase, type 
II); biglycan; ?bronectin 1; proenkephalin; integrin, beta 
like 1 (With EGF-like repeat domains); Homo sapiens 
mRNA full length insert cDNA clone EUROIMAGE 
1968422; EphA3; KIAA0367 protein; natriuretic peptide 
receptor C/guanylate cyclase C (atrionatriuretic peptide 
receptor C); hypothetical protein FLJ14054; Homo sapiens 
mRNA; cDNA DKFZp564B222 (from clone 
DKFZp564B222); vesicle-associated membrane protein 5 
(myobrevin); EGF-containing ?bulin-like extracellular 
matrix protein 1; BCL2/adenovirus ElB 19 kDa interacting 
protein 3-like; AE binding protein 1; cytochrome c oxidase 
subunit VIIa polypeptide 1 (muscle); neuroblastoma, sup 
pression of tumorigenicity 1; insulin-like groWth factor 
binding protein 2, 36 kDa. More preferred are cells that 
have, relative to human ?broblasts, mesenchymal stem cells, 
or ileac crest bone marroW cells, reduced expression of at 
least 5, 10, 15 or 20 genes corresponding to those listed 
above. Presently more preferred are cell With reduced 
expression of at least 25, 30, or 35 of the genes correspond 
ing to the listed sequences. Also more preferred are those 
postpartum-derived cells having expression that is reduced, 
relative to that of a human ?broblast, a mesenchymal stem 
cell, or an ileac crest bone marroW cell, of genes corre 
sponding to 35 or more, 40 or more, or even all of the 
sequences listed. 

[0166] Secretion of certain groWth factors and other cel 
lular proteins can make cells of the invention particularly 
useful. Preferred postpartum-derived cells secrete at least 
one, tWo, three or four of MCP-1, IL-6, IL-8, GCP-2, HGF, 
KGF, FGF, HB-EGF, BDNF, TPO, MIP1a, RANTES, and 
TIMP1. Cells Which secrete more than ?ve, six, seven or 
eight of the listed proteins are also useful and preferred. 
Cells Which can secrete at least nine, ten, eleven or more of 
the factors are more preferred, as are cells Which can secrete 
tWelve or more, or even all thirteen of the proteins in the 
foregoing list. 

[0167] While secretion of such factors is useful, cells can 
also be characterized by their lack of secretion of factors into 
the medium. Umbilicus-derived cells that lack secretion of 
at least one, tWo, three or four of TGF-beta2, ANG2, 
PDGFbb, MIP1beta, 1309, MDC, and VEGF, as detected by 
ELISA, are presently preferred for use. Cells that are char 
acterized in their lack of secretion of ?ve or six of the 
foregoing proteins are more preferred. Cells Which lack 
secretion of all seven of the factors listed above are also 
preferred. 

[0168] In another aspect of the invention, therapeutic cell 
cultures are provided, the cell cultures comprising the iso 
lated cells as described above for use in treating patients in 
need of angiogenesis-stimulating trophic factors. Such 
therapeutic cell cultures are also provided for use in treating 
a patient in need of neural groWth stimulating trophic 
factors. 
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[0169] Methods of deriving UDCs from human umbilical 
tissue are provided. The cells are capable of self-reneWal and 
expansion in culture, and have the potential to differentiate 
into cells of other phenotypes. The method comprises (a) 
obtaining human umbilical tissue; (b) removing substan 
tially all of blood to yield a substantially blood-free umbili 
cal tissue, (c) dissociating the tissue by mechanical or 
enzymatic treatment, or both, (d) resuspending the tissue in 
a culture medium, and (e) providing groWth conditions 
Which alloW for the groWth of a human umbilicus-derived 
cell capable of self-reneWal and expansion in culture and 
having the potential to differentiate into cells of other 
phenotypes. 

[0170] Tissue can be obtained from any completed preg 
nancy, term or less than term, Whether delivered vaginally, 
or through other routes, for example surgical Cesarean 
section. Obtaining tissue from tissue banks is also consid 
ered Within the scope of the present invention. 

[0171] The tissue is rendered substantially free of blood by 
any means knoWn in the art. For example, the blood can be 
physically removed by Washing, rinsing, and diluting and 
the like, before or after bulk blood removal for example by 
suctioning or draining. Other means of obtaining a tissue 
substantially free of blood cells might include enzymatic or 
chemical treatment. 

[0172] Dissociation of the umbilical tissues can be accom 
plished by any of the various techniques knoWn in the art, 
including by mechanical disruption, for example, tissue can 
be aseptically cut With scissors, or a scalpel, or such tissue 
can be otherWise minced, blended, ground, or homogenized 
in any manner that is compatible With recovering intact or 
viable cells from human tissue. 

[0173] In a presently preferred embodiment, the isolation 
procedure also utilizes an enzymatic digestion process. 
Many enzymes are knoWn in the art to be useful for the 
isolation of individual cells from complex tissue matrices to 
facilitate groWth in culture. As discussed above, a broad 
range of digestive enzymes for use in cell isolation from 
tissue is available to the skilled artisan. Ranging from 
Weakly digestive (e.g. deoxyribonucleases and the neutral 
protease, dispase) to strongly digestive (e.g. papain and 
trypsin), such enzymes are available commercially. A non 
exhaustive list of enzymes compatible hereWith includes 
mucolytic enzyme activities, metalloproteases, neutral pro 
teases, serine proteases (such as trypsin, chymotrypsin, or 
elastase), and deoxyribonucleases. Presently preferred are 
enzyme activities selected from metalloproteases, neutral 
proteases and mucolytic activities. For example, collagena 
ses are knoWn to be useful for isolating various cells from 
tissues. Deoxyribonucleases can digest single-stranded 
DNA and can minimize cell-clumping during isolation. 
Enzymes can be used alone or in combination. Serine 
protease are preferably used in a sequence folloWing the use 
of other enzymes as they may degrade the other enzymes 
being used. The temperature and time of contact With serine 
proteases must be monitored. Serine proteases may be 
inhibited With alpha 2 microglobulin in serum and therefore 
the medium used for digestion is preferably serum-free. 
EDTA and DNase are commonly used and may improve 
yields or ef?ciencies. Preferred methods involve enzymatic 
treatment With for example collagenase and dispase, or 
collagenase, dispase, and hyaluronidase, and such methods 
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are provided wherein in certain preferred embodiments, a 
mixture of collagenase and the neutral protease dispase are 
used in the dissociating step. More preferred are those 
methods Which employ digestion in the presence of at least 
one collagenase from Closlridium hislolylicum, and either of 
the protease activities, dispase and thermolysin. Still more 
preferred are methods employing digestion With both col 
lagenase and dispase enZyme activities. Also preferred are 
methods Which include digestion With a hyaluronidase activ 
ity in addition to collagenase and dispase activities. The 
skilled artisan Will appreciate that many such enZyme treat 
ments are knoWn in the art for isolating cells from various 
tissue sources. For example, the LIBERASE BlendZyme 
(Roche) series of enZyme combinations are very useful and 
may be used in the instant methods. Other sources of 
enZymes are knoWn, and the skilled artisan may also obtain 
such enZymes directly from their natural sources. The skilled 
artisan is also Well-equipped to assess neW, or additional 
enZymes or enZyme combinations for their utility in isolat 
ing the cells of the invention. Preferred enZyme treatments 
are 0.5, 1, 1.5, or 2 hours long or longer. In other preferred 
embodiments, the tissue is incubated at 370 C. during the 
enZyme treatment of the dissociation step. Diluting the 
digest may also improve yields of cells as cells may be 
trapped Within a viscous digest. 

[0174] While the use of enZyme activities is presently 
preferred, it is not required for isolation methods as provided 
herein. Methods based on mechanical separation alone may 
be successful in isolating the instant cells from the umbilicus 
as discussed above. 

[0175] The cells can be resuspended after the tissue is 
dissociated into any culture medium as discussed herein 
above. Cells may be resuspended folloWing a centrifugation 
step to separate out the cells from tissue or other debris. 
Resuspension may involve mechanical methods of resus 
pending, or simply the addition of culture medium to the 
cells. 

[0176] Providing the groWth conditions alloWs for a Wide 
range of options as to culture medium, supplements, atmo 
spheric conditions, and relative humidity for the cells. A 
preferred temperature is 370 C., hoWever the temperature 
may range from about 350 C. to 39° C. depending on the 
other culture conditions and desired use of the cells or 
culture. 

[0177] Presently preferred are methods Which provide 
cells Which require no exogenous groWth factors, except as 
are available in the supplemental serum provided With the 
GroWth Medium. Also provided herein are methods of 
deriving umbilical cells capable of expansion in the absence 
of particular groWth factors. The methods are similar to the 
method above, hoWever they require that the particular 
groWth factors (for Which the cells have no requirement) be 
absent in the culture medium in Which the cells are ulti 
mately resuspended and groWn in. In this sense, the method 
is selective for those cells capable of division in the absence 
of the particular groWth factors. Preferred cells in some 
embodiments are capable of groWth and expansion in chemi 
cally-de?ned groWth media With no serum added. In such 
cases, the cells may require certain groWth factors, Which 
can be added to the medium to support and sustain the cells. 
Presently preferred factors to be added for groWth on 
serum-free media include one or more of FGF, EGF, IGF, 
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and PDGF. In more preferred embodiments, tWo, three or all 
four of the factors are add to serum free or chemically 
de?ned media. In other embodiments, LIF is added to 
serum-free medium to support or improve groWth of the 
cells. 

[0178] Also provided are methods Wherein the cells can 
expand in the presence of from about 5% to about 20% 
oxygen in their atmosphere. Methods to obtain cells that 
require L-valine require that cells be cultured in the presence 
of L-valine. After a cell is obtained, its need for L-valine can 
be tested and con?rmed by groWing on D-valine containing 
medium that lacks the L-isomer. 

[0179] Methods are provided Wherein the cells can 
undergo at least 25, 30, 35, or 40 doublings prior to reaching 
a senescent state. Methods for deriving cells capable of 
doubling to reach 1014cells or more are provided. Preferred 
are those methods Which derive cells that can double suffi 
ciently to produce at least about 1014, 1015, 1016, or 1017 or 
more cells When seeded at from about 103 to about 106 
cells/cm2 in culture. Preferably these cell numbers are pro 
duced Within 80, 70, or 60 days or less. 

[0180] Isolated human umbilicus-derived cells derived by 
the above method are also provided herein. The cells main 
tain a consistent normal karyotype notWithstanding repeated 
passaging in certain embodiments. Also provided are cul 
tures of human umbilicus-derived cells derived by the above 
method, Wherein the cultures are free of maternal cells. 
Therapeutic cultures are provided Which are obtained by the 
methods of the invention. 

[0181] There are many uses for the cells of the instant 
invention. For example, because of the trophic factors 
secreted by the cells, they may be useful for the groWth, 
maintenance, support or the like, of other useful cells, either 
directly or indirectly. For example, the cells may be used to 
make conditioned media, or may be cocultured With another 
cells of interest, including direct or indirect ex vivo cocul 
ture of cells intended to be used therapeutically in an 
autologous recipient. For direct coculture, the cells may be 
mixed together, While for indirect coculture, the cells may be 
cultured in compartments separated by semi-permeable 
membranes Which exclude cell migration. For example, 
polycarbonate, polyester (PET), and collagen-coated poly 
tetra?uoroethylene (PTFE) membranes of about less 3 
microns nominal pore siZe exclude cell migration and are 
useful for such purposes. Such membranes for culture sys 
tems are able to exchange, for example, soluble groWth 
factors betWeen the umbilical-derived cells and another cell 
type. Examples are knoWn in the art and some are available 
commercially (e.g. TRANSWELL culture membranes 
(Corning Inc, Coming N.Y.)). 

[0182] Also provided herein are therapeutic compositions 
comprising an umbilicus-derived cell and another therapeu 
tic agent or factor. Such factors include, but are not limited 
to, IGF, LIF, PDGF, EGF, FGF, as Well as antithrombogenic 
and antiapoptotic agents. Such therapeutic compositions can 
further comprise one or more additional cell types. 

[0183] In addition to the above, compositions derived 
from the cells themselves are provided herein. Cell lysates, 
soluble cell fractions and membrane-enriched cell fractions 
are all provided herein. Cell lysates include lysates in Which 
substantially all, and more preferably all of the cells have 
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been lysed, for example by mechanical shear, enzymatic 
treatment, detergent or other chemical treatment, and the 
like, or combinations thereof. The resulting lysates include 
all of the components of the cell and have many utilities, for 
example in supporting or maintaining groWth of the cells of 
the invention or other cells of interest. In addition the cell 
lysates can serve as starting material for the puri?cation or 
enrichment of desirable cell products. In preferred embodi 
ments, cell lysates are further separated into at least a soluble 
cell fraction and a membrane-enriched cell fraction. Each 
may be useful for speci?c purposes. For example, Where in 
vivo uses are contemplated, for example administration by 
injection, soluble cell fractions may be particularly useful in 
minimizing stimulation of allogeneic PBMCs. More particu 
larly, soluble cell fractions preferably lack the required 
antigens to stimulate adverse immunological reactions, for 
example stimulation of allogeneic lymphocytes, allogeneic 
CD4+ T cells, or even na'1've CD4+ T cells. Extracellular 
matrices derived from the cells, for example comprising 
basement membranes are also useful and are provided 
herein. Such extracellular material is useful for in vitro 
assays, for example, angiogenesis assays. They also may be 
useful in vivo as part of a therapeutic regimen. For example, 
extracellular matrix compounds are knoWn for use in aug 
mentation and repair such as applications relating to healing 
of acute and chronic Wounds, or in cosmetic and reconstruc 
tive surgery. The extracellular matrix material is often useful 
Where collagen-like properties are desirable. Extracellular 
matrix material is particularly useful in application requiring 
elasticity or viscosity because the extracellular matrix 
appears to be able to provide these attributes. Another 
application of extracellular matrix is in combination With an 
implantable therapeutic device. Techniques for cellular dis 
ruption range from gentle to harsh, the skilled artisan is 
Well-equipped to select the technique for cell disruption 
based on the end-use of the cell lysate so obtained. 

[0184] Compositions of the invention also include condi 
tioned culture media as provided herein. Such media have 
?rst been used to groW the cells or cultures of the invention, 
Which during groWth secrete one or more useful products 
into the medium. Conditioned medium from these novel 
cells are useful for many purposes, including for example, 
supporting the groWth of other mammalian cells in need of 
groWth factors or trophic factors secreted into the media by 
the cells and cultures of the invention, and promoting, for 
example, angiogenesis. Conditioned media are useful for the 
secreted groWth factors they contain, and preferably the 
conditioned media of the instant invention contain one or 
more groWth factors useful for supporting the groWth of 
another mammalian cell in need of such groWth factors. The 
use of conditioned media is Well understood by those of skill 
in the art. Continuous culture systems for generating con 
ditioned culture medium are contemplated herein, and the 
cells of the invention are useful for large scale or continuous 
production of secreted cellular products such as groWth 
factors. 

[0185] Preferably, the conditioned media of the invention 
comprise one or more of MCP-l, IL-6, IL-8, GCP-2, HGF, 
KGF, FGF, HB-EGF, BDNF, TPO, or TIMPl. More pre 
ferred are those conditioned media Which comprise several, 
(e.g., at least tWo, three or four) of the foregoing. Still more 
preferred are those Which contain many (e.g., at least ?ve, 
six, seven eight or more) of the groWth factors listed. Also 
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preferred are conditioned media Which comprise additional 
secreted molecules of interest. 

[0186] Another embodiment provides a mammalian cell 
culture comprising the conditioned medium and a mamma 
lian cell in need of MCP-l, IL-6, IL-8, GCP-2, HGF, KGF, 
FGF, HB-EGF, BDNF, TPO, or TIMPl. Culturing in con 
ditioned media provides for indirect methods of supporting, 
for example, the groWth or maintenance of other cells. For 
example, such indirect methods provide Ways of expanding 
populations of mammalian cells, Which due to their groWth 
factor requirements, are dif?cult to expand in culture in the 
absence of the conditioned medium. 

[0187] Another aspect of the invention provides co-cul 
tures comprising the umbilicus-derived cells and another 
mammalian cell of any phenotype. These co-cultures can 
comprise cells of any phenotype and may, for example, 
provide a Way of expanding populations of mammalian 
cells, Which due to their groWth factor requirements are 
dif?cult to expand. This is a Way of using the properties of 
the umbilicus-derived cells directly to support the groWth of 
other cells. Such co-cultures are also of use in vivo for 
various applications, particularly Where the use of such cells 
does not generate an undesired immunological response. 
The presence of the umbilicus-derived cells can encourage 
establishment and groWth of cells, for example into 
implanted scaffolds, or at surgical repair sites. In preferred 
embodiments, the co-cultures comprise a human cell line in 
addition to the umbilicus-derived cell. Still more preferred 
Would be to use the cells in a family member or person 
closely related to the donor. More preferred yet Would be the 
co-cultures for use in the individual from Whom the cells 
Were derived. 

[0188] In other aspects of the invention, uses of the 
cultures are provided. For example, the cultures of umbili 
cus-derived cells are useful in promoting angiogenesis. They 
are also useful in the treatment of soft tissue disease or 
injury. In preferred embodiments, the therapeutic cell cul 
tures are groWn on a scaffold or matrix. The groWth on the 
scaffold or matrix or similar substrate can be in vivo, in 
vitro, or a combination of these. For in vivo application, the 
substrate can be surgically applied, for example as a repair 
to damage soft tissue. The substrate can be seeded With 
UDCs, or pretreated With UDC-conditioned medium, or cell 
lysates or soluble cell extracts, or other cell fraction, includ 
ing an extracellular matrix, prior to surgical use. For in vitro 
applications, the cells can help other cells to establish on or 
Within the substrate or its interstices. For example, skin or 
other soft tissue of dermal or subdermal layers can be groWn 
in vitro on such substrates for later use. For combination 
uses, a population of cells can be established in vitro on the 
substrate or scaffold and then surgically attached, grafted, or 
implanted for further groWth. Preestablishing a cell popula 
tion, particularly one that secretes angiogenic factors may 
lead to much faster healing. Presently preferred for such 
scaffolds are nonpermanent, bioabsorbable polymeric matri 
ces and the like. 

[0189] A variety of scaffolds or matrices are knoWn in the 
arts of tissue engineering and Wound healing for example, 
and are useful With the cells and methods herein. Examples 
include, but are not limited to mats, foams, or self assem 
bling peptides. Preferred mats comprise nonWoven ?bers. 
NonWoven mats may, for example, be formed using ?bers 
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comprised of a synthetic absorbable copolymer of glycolic 
and lactic acids (PGA/PLA), sold under the trade name 
VICRYL (Ethicon, Inc., Somerville, N.J.). Foams preferred 
for use herein include porous foams such as those compris 
ing, for example, poly(epsilon-caprolactone)/poly(glycolic 
acid) (PCL/PGA) copolymer, as discussed in US. Pat. No. 
6,355,699. Self assembling peptides and hydrogels formed 
therefrom are knoWn in the art, and include RAD l6 
hydrogel, exempli?ed herein. Such materials are frequently 
used as supports for growth of cells or tissue. 

[0190] Also provided herein are additional uses for the 
therapeutic cell cultures of the invention that include, but are 
not limited to, use in the treatment of bone disease or injury, 
the treatment of pancreatic disease or injury, the treatment of 
kidney disease or injury, the treatment of neural disease or 
injury, cardiac disease or injury, and the treatment of hepatic 
disease or injury. 

[0191] In another of its aspects, the invention provides 
higher order structures such as implantable tissue structures 
comprising the cells of the invention, implantable human 
tissue matrix comprising the cells, human tissues comprising 
the cells, and human organs comprising these cells. 

[0192] The invention also provides, in another of its 
several aspects, injectable therapeutic cells comprising iso 
lated human umbilicus-derived cells capable of self-reneWal 
and expansion in culture and having the potential to differ 
entiate into cells of other phenotypes, Wherein the cells do 
not substantially stimulate allogeneic lymphocytes in a 
mixed lymphocyte reaction, and produce PD-L2, but not 
HLA-G, CD178, HLA-DR, HLA-DP, HLA-DQ, CD80, 
CD86, or B7-H2. This injectable therapeutic cell composi 
tion is useful as a therapeutic treatment in any application 
Where undifferentiated cells can be recruited to a site through 
the circulation. In preferred embodiments, the injectable cell 
is treated to inactivate tissue factor. Such treatment includes 
any treatment capable of inactivating tissue factor Without 
destroying the integrity of the cell. More preferred are 
treatments Which have no effect on viability, doubling time 
or expansion. The injectable cell is treated With an anti 
tissue factor antibody in one presently preferred embodi 
ment. 

[0193] In conjunction With therapeutic cells, other biologi 
cally active molecules, such as antithrombogenic agents, 
anti-apoptotic agents, and anti-in?ammatory agents may be 
useful and may be administered in sequence With, or coad 
ministered With the cells, individually or in combinations or 
tWo or more such compounds or agents. For example, 
anti-apoptotic agents may be useful to minimize pro 
grammed cell death. Such agents include but are not limited 
to EPO, EPO derivatives and analogs, and their salts, TPO, 
IGF-I, IGF-II, hepatocyte groWth factor (HGF), and caspase 
inhibitors. Anti-in?ammatory agents include but are not 
limited to P38 MAP kinase inhibitors, statins, IL-6 and IL-1 
inhibitors, Pemirolast, Tranilast, Remicade, Sirolimus, non 
steroidal anti-in?ammatory compounds, for example, Tep 
oxalin, Tolmetin, and Suprofen. 

[0194] Other bioactive factors or therapeutic agents Which 
can be coadministered With the therapeutic cells of the 
invention include, for example, antithrombogenic factors, 
immunosuppressive or immunomodulatory agents, and anti 
oxidants. Examples of immunosuppressive and immuno 
modulatory agents include calcineurin inhibitors, for 
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example cyclosporine, Tacrolimus, mTOR inhibitors such as 
Sirolimus or Everolimus; anti-proliferatives such as aZathio 
prine and mycophenolate mofetil; corticosteroids for 
example prednisolone or hydrocortisone; antibodies such as 
monoclonal anti-IL-2R0t receptor antibodies, Basiliximab, 
DacliZumab; polyclonal anti-T-cell antibodies such as anti 
thymocyte globulin (ATG), anti-lymphocyte globulin 
(ALG), and the monoclonal anti-T cell antibody OKT3. 
Antithrombogenic compounds Which can be therapeutically 
provided in conjunction With the cells of the invention 
include, for example, heparin, heparin derivatives, uroki 
nase, and PPack (dextrophenylalanine proline arginine chlo 
romethylketone); antithrombin compounds, platelet receptor 
antagonists, anti-thrombin antibodies, anti-platelet receptor 
antibodies, aspirin, dipyridamole, protamine, hirudin, pros 
taglandin inhibitors, and platelet inhibitors. Antioxidants are 
Well knoWn in the art of course and any pharmaceutically 
acceptable antioxidant may be administered in conjunction 
With the cells of the invention including probucol; vitamins 
A, C, and E, coenZyme Q-lO, glutathione, L cysteine, 
N-acetylcysteine, or antioxidant derivative, analogs or salts 
of the foregoing. 

[0195] In another aspect of the invention, kits for the 
groWth and maintenance, the isolation and the use of the 
umbilical-derived cells are provided. The cells, cell lysates, 
soluble cell fractions, membrane fractions and matrices can 
conveniently be employed as parts of kits, for example, for 
a kit for culture or implantation. The invention provides a kit 
including the UDCs and additional components, including 
instructions for groWth or maintenance, isolation, or use of 
the cells or cell fractions, together With for example, matrix 
(e.g., a scaffold) material, hydrating agents (e.g., physiologi 
cally-compatible saline solutions, prepared cell culture 
media), cell culture substrates (e.g., culture dishes, plates, 
vials, etc.), cell culture media (Whether in liquid or dehy 
drated form), antibiotic compounds, hormones, and the like. 
Kits for groWth can for example include all of the compo 
nents of the GroWth Medium as used herein, including 
serum, for example fetal bovine serum. While the kit can 
include any such components, preferably it includes all 
ingredients necessary for its intended use. If desired, the kit 
also can include cells (typically cryopreserved), Which can 
be seeded into the lattice as described herein. Kits for 
isolation Will contain everything required to practice the 
isolation methods as provided herein, except for the umbi 
licus tissue Which should be obtained fresh or froZen from a 
tissue bank at the time of isolation. The surgical equipment 
for dissociating the tissue, preferred enZymes, or choices of 
enZymes in stable form are provided, as are the buffers and 
medium, cell strainers and the like, as required or preferred 
for the method as disclosed above. Detailed instructions 
With optional steps and lists of suppliers of optional or 
alternative materials are also conveniently provided. Control 
cells can be included for comparison of the cells isolated to, 
for example the UDC cultures deposited With the ATCC. 
Kits for utiliZing the umbilicus-derived cells preferably 
contain populations of the cells, or therapeutic compositions 
comprising the cells, components and products, or fractions 
or conditioned media derived from the cells as described 
above. In some embodiments, the kits may include one or 
more cell populations, including at least UDCs and a phar 
maceutically acceptable carrier (liquid, semi-solid or solid). 
The populations in some embodiments are homogenous or 
even clonal cell lines of UDCs. In other embodiments, the 
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kits include other cell lines for use in coculture. Therapeutic 
application kits preferably include additional bioactive 
agents as desired for example anithrombogenic agents, anti 
in?ammatory agents, antiapoptotic agents, and immunosup 
pressive or immunomodulatory compounds. The kits also 
optionally may include a means of administering the cells, 
for example by injection. The kits further may include 
instructions for use of the cells. Kits prepared for ?eld 
hospital use, such as for military use, may include full 
procedure supplies including tissue scaffolds, surgical 
sutures, and the like, Where the cells are to be used in 
conjunction With repair of acute injuries. Kits for assays and 
in vitro methods as described herein may contain one or 

more of (l) UDCs or fractions, components or products of 
UDCs, (2) reagents for practicing the in vitro method, (3) 
other cells or cell populations, as appropriate, for example 
for cocultures and (4) instructions for conducting the in vitro 
method. 

[0196] Also provided herein are isolated postpartum-de 
rived cells comprising a “signature gene pro?le.” Preferred 
are cells Wherein the signature genes are reticulon, oxidiZed 
LDL receptor, and IL-8. In preferred embodiments, the cells 
comprise a pro?le Which includes mRNA from genes for 
reticulon, oxidiZed LDL receptor, and IL-8. Most preferably, 
the pro?le comprises genes Which are present independent 
of Whether the cells are groWn in medium containing serum 
or medium free of serum, and Which further distinguish the 
postpartum-derived cell from other cell that are totipotent or 
pluripotent. In certain embodiments, the isolated postpar 
tum-derived cells further comprise the ability to alter their 
expression of cell surface markers When groWn in medium 
containing serum relative to that in serum free medium. In 
other embodiments of the isolated postpartum-derived cells, 
the markers for PDGFreceptor alpha and HLA-ABC are 
altered. This plasticity of the cells With respect to their cell 
surface markers alloWs the cells to be engineered in certain 
respects to provided full advantage of the cells desirous 
properties and to minimize any unWanted or deleterious 
properties relating to cell surface markers. This is particu 
larly useful in engineering or preparing cells for implanta 
tion or for use in grafting Where adverse immunological 
reactions and rejection are concerns. 

[0197] In another of its several aspects, the invention 
provides a method for the preparation of therapeutic cells or 
cultures comprising: isolating cells; initially expanding the 
cells to a useful number in a serum-containing medium 
Which supports cell expansion but in Which the cells produce 
a quantity of the cell surface marker HLA-ABC; transferring 
the cells to a medium in Which the cells produce a decreased 
amount of the cell surface marker HLA-ABC; and passaging 
the cells in the medium in Which the cells produce a 
decreased amount of the HLA-ABC, thereby preparing a 
therapeutic cell or culture. In certain embodiments, the 
medium in Which the cells produce a decreased amount of 
the cell surface marker HLA-ABC is a serum-free medium. 
This is useful for the manufacture and commercial applica 
tion of the cells and therapeutic cultures particularly Where 
required by regulatory agencies and the like. Such methods 
are bene?cial and desirable for the production of therapeutic 
cells or cultures for implantation and grafting. 

[0198] The invention provides in another aspect, serum 
free media for the expansion of postpartum-derived cells. 
Preferred media have one or more exogenous groWth factors 
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added. Presently preferred are media Wherein the one or 
more groWth factors added are bFGF, EGF, or PDGF. Even 
more preferred are media Wherein the one or more added 
groWth factors includes bFGF by itself or in combination 
With other groWth factors bene?cial for the groWth of the 
cells or for optimiZing the expression of certain cell surface 
markers. 

[0199] In preferred embodiments, the serum-free media of 
the invention provide support for the expansion for at least 
5 passages of the cells With no reduction in the cells viability 
and no senescence. More preferred are media Which support 
l0, 15, 20 or more passages of the cells, With the populations 
still capable of more passaging. Even more preferred are 
media Which support 25, 28, 30, 33 and 35 or more passages. 
Most preferred are media capable of supporting the cells for 
about 40 or more passages. 

[0200] Also provided in conjunction With the present 
invention are therapeutic cultures comprising postpartum 
derived cells expanded in serum-free medium Such cells 
have any useful properties and are more readily suited for 
commercial application and regulatory approval having, for 
example, little risk of disease transmission related to foreign 
animal serum or proteins. In certain preferred embodiments, 
the therapeutic cultures comprise cells having a signature 
gene pro?le Wherein mRNA from genes for reticulon, oxi 
diZed LDL receptor, and IL-8 are present independent of 
Whether the cells are groWn in medium containing serum or 
medium free of serum. Such cultures may comprise a single 
cell type or may consist of multiple cell types including 
PPDCs and other cell types as additional cells present in the 
co- or mixed culture. 

[0201] Also provided herein are cell culture banks com 
prising the postpar‘tum-derived cells and cultures of the 
invention. 

[0202] The folloWing examples describe several aspects of 
embodiments of the invention in greater detail. These 
examples are intended to further illustrate aspects of the 
invention described herein. These examples should not be 
construed to limit the aspect so exempli?ed. 

EXAMPLE 1 

Isolation of Cells from Postpartum Umbilicus 
Tissues 

[0203] Postpartum umbilicus tissues Were obtained upon 
birth of either a full term or pre-term pregnancy. Cells Were 
harvested from ?ve separate donors of umbilicus tissue. 
Different methods of cell isolation Were tested for their 
ability to yield cells With: 1) the potential to differentiate into 
cells With different phenotypes, a characteristic common to 
stem cells, or 2) the potential to provide critical trophic 
factors useful for other cells and tissues. 

Methods & Materials 

[0204] Umbilical cell isolation. Umbilical cords Were 
obtained from National Disease Research Interchange 
(NDRI, Philadelphia, Pa.). The tissues Were obtained fol 
loWing normal deliveries. The cell isolation protocols Were 
performed aseptically in a laminar ?oW hood. To remove 
blood and debris, the cord Was Washed in phosphate buffered 
saline (PBS; Invitrogen, Carlsbad, Calif.) in the presence of 
penicillin at 100 Units/milliliter and streptomycin at 100 



US 2006/0223177 A1 

milligrams/milliliter, and amphotericin B at 0.25 micro 
grams/milliliter (Invitrogen Carlsbad, Calif). The tissues 
Were then mechanically dissociated in 150 cm2 tissue culture 
plates in the presence of 50 milliliters of medium (DMEM 
LoW glucose or DMEM-High glucose; Invitrogen), until the 
tissue Was minced into a ?ne pulp. The chopped tissues Were 
transferred to 50 milliliter conical tubes (approximately 5 
grams of tissue per tube). 

[0205] The tissue Was then digested in either DMEM-LoW 
glucose medium or DMEM-High glucose medium, each 
containing 100 Units/milliliter, streptomycin at 100 milli 
grams/milliliter, and amphotericin B at 0.25 micrograms/ 
milliliter and the digestion enZymes. In some experiments an 
enZyme mixture of collagenase and dispase Was used 
(“C:D”) (collagenase (Sigma, St Louis, M0), 500 Units/ 
milliliter; and dispase (Invitrogen), 50 Units/milliliter, in 
DMEM-LoW glucose medium). In other experiments a 
mixture of collagenase, dispase and hyaluronidase 
(“C:D:H”) Was used (C:D:H=collagenase, 500 Units/milli 
liter; dispase, 50 Units/milliliter; and hyaluronidase 
(Sigma), 5 Units/milliliter, in DMEM-LoW glucose). The 
conical tubes containing the tissue, medium and digestion 
enZymes Were incubated at 37° C. in an orbital shaker 

(Environ, Brooklyn, N.Y.) at 225 rpm for 2 hrs. 

[0206] After digestion, the tissues Were centrifuged at 
l50><g for 5 minutes, the supernatant Was aspirated. The 
pellet Was resuspended in 20 milliliters of GroWth Medium 
(DMEM:LoW glucose (Invitrogen), 15 percent (v/v) fetal 
bovine serum (FBS; de?ned fetal bovine serum; Lot 
#AND18475; Hyclone, Logan, Utah), 0.001% (v/v) 2-mer 
captoethanol (Sigma), penicillin at 100 Units per milliliter, 
streptomycin at 100 micrograms per milliliter, and ampho 
tericin B at 0.25 micrograms per milliliter; (each from 
Invitrogen, Carlsbad, Calif)). The cell suspension Was ?l 
tered through a 70-micron nylon BD FALCON Cell Strainer 
(BD Biosciences, San Jose, Calif). An additional 5 millili 
ters rinse comprising GroWth Medium Was passed through 
the strainer. The cell suspension Was then passed through a 
40-micrometer nylon cell strainer (BD Biosciences, San 
Jose, Calif.) and chased With a rinse of an additional 5 
milliliters of GroWth Medium. 

[0207] The ?ltrate Was resuspended in GroWth Medium 
(total volume 50 milliliters) and centrifuged at l50><g for 5 
minutes. The supernatant Was aspirated and the cells Were 
resuspended in 50 milliliters of fresh groWth medium. This 
process Was repeated tWice more. 

[0208] After the ?nal centrifugation, supernatant Was aspi 
rated and the cell pellet Was resuspended in 5 milliliters of 
fresh groWth medium. The number of viable cells Was 
determined using Trypan blue staining. Cells Were then 
cultured under standard conditions. 

[0209] The cells isolated from umbilical cord tissues Were 
seeded at 5,000 cells/cm2 onto gelatin-coated T-75 ?asks 
(Corning Inc., Corning, N.Y.) in GroWth Medium. After tWo 
days, spent medium and unadhered cells Were aspirated 
from the ?asks. Adherent cells Were Washed With PBS three 
times to remove debris and blood-derived cells. Cells Were 
then replenished With GroWth Medium and alloWed to groW 
to con?uence (about 10 days from passage 0) to passage 1. 
On subsequent passages (from passage 1 to 2 etc), cells 
reached sub-con?uence (75-85 percent con?uence) in 4-5 
days. For these subsequent passages, cells Were seeded at 
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5,000 cells/cm2. Cells Were groWn in a humidi?ed incubator 
With 5 percent carbon dioxide at 37° C. 

[0210] Cell Isolation using LIBERASE BlendZymes. 
Cells Were isolated from postpartum tissues in DMEM-LoW 
glucose medium With LIBERASE (2.5 milligrams per mil 
liliter, BlendZyme 3; Roche Applied Sciences, Indianapolis, 
Ind.) and hyaluronidase (5 Units/milliliter, Sigma). Diges 
tion of the tissue and isolation of the cells Was as described 
for other protease digestions above, hoWever, the LIB 
ERASE/hyaluronidase mixture Was used instead of the CD 
or C:D:H enZyme mixture. Tissue digestion With LIB 
ERASE resulted in the isolation of cell populations from 
postpartum tissues that expanded readily. 

[0211] Cell isolation using other enZyme combinations. 
Procedures Were compared for isolating cells from the 
umbilical cord using di?ering enZyme combinations. 
Enzymes compared for digestion included: i) collagenase; ii) 
dispase; iii) hyaluronidase; iv) collagenasezdispase mixture 
(C1D); v) collagenase:hyaluronidase mixture (CzH); vi) dis 
pasezhyaluronidase mixture (DH); and vii) collagenasezdis 
pasezhyaluronidase mixture (C:D:H). Di?ferences in cell 
isolation utiliZing these di?ferent enZyme digestion condi 
tions Were observed (Table 1-1). 

[0212] Isolation of cells from residual blood in the cords. 
Other attempts Were made to isolate pools of cells from 
umbilical cord by di?ferent approaches. In one instance 
umbilical cord Was sliced and Washed With groWth medium 
to dislodge the blood clots and gelatinous material. The 
mixture of blood, gelatinous material and groWth medium 
Was collected and centrifuged at l50><g. The pellet Was 
resuspended and seeded onto gelatin coated ?asks in groWth 
medium. From these experiments a cell population Was 
isolated that readily expanded. 

[0213] Isolation of cells from cord blood. Cells have also 
been isolated from cord blood samples attained from NDRI. 
The isolation protocol used Was that of International Patent 
Application US0229971 by Ho et al. Samples (50 milliliter 
and 10.5 milliliters, respectively) of umbilical cord blood 
(NDRI, Philadelphia Pa.) Were mixed With lysis bu?er 
(?lter-sterilized 155 millimolar ammonium chloride, 10 mil 
limolar potassium bicarbonate, 0.1 millimolar EDTA bu? 
ered to pH 7.2 (all components from Sigma, St. Louis, 
Mo.)). Cells Were lysed at a ratio of 1:20 cord blood to lysis 
bu?er. The resulting cell suspension Was vortexed for 5 
seconds, and incubated for 2 minutes at ambient tempera 
ture. The lysate Was centrifuged (10 minutes at 200><g). The 
cell pellet Was resuspended in Complete Minimal Essential 
Medium (Gibco, Carlsbad Calif.) containing 10 percent fetal 
bovine serum (Hyclone, Logan Utah), 4 millimolar 
glutamine (Mediatech Herndon, Va.), penicillin at 100 Units 
per milliliter and streptomycin at 100 micrograms per mil 
liliter (Gibco, Carlsbad, Calif). The resuspended cells Were 
centrifuged (10 minutes at 200><g), the supernatant Was 
aspirated, and the cell pellet Was Washed in complete 
medium. Cells Were seeded directly into either T75 ?asks 
(Corning, N.Y.), T75 laminin-coated ?asks, or T175 
?bronectin-coated ?asks (both Becton Dickinson, Bedford, 
Mass.). 
[0214] Isolation of cells using different enZyme combina 
tions and groWth conditions. To determine Whether cell 
populations could be isolated under di?ferent conditions and 
expanded under a variety of conditions immediately after 
isolation, cells Were digested in GroWth Medium With or 




























































































































