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ABSTRACT

Cells derived from human umbilical cords are disclosed
along with methods for their therapeutic use. Isolation
techniques, culture methods and detailed characterization of
the cells with respect to their cell surface markers, gene
expression, and their secretion of trophic factors are
described.
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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 application is a divisional of U.S. application
Ser. No. 10/877,012, filed Jun. 25, 2004, which in turn
claims benefit of U.S. Provisional Application Ser. No.
60/483,264, filed Jun. 27, 2003. The entire contents of these
prior applications are incorporated by reference herein for
all purposes. Other related applications include the follow-
ing commonly-owned, co-pending applications, the entire
contents of each of which are incorporated by reference
herein: U.S. Application No. [ETH-5073 NP2], filed Jun. 25,
2004; U.S. Application No. [ETH-5073 NP3], filed Jun. 25,
2004; U.S. Application No. [ETH-5073 NP4], filed Jun. 25,
2004; U.S. Application No. [ETH-5073 NP5], filed Jun. 25,
2004; U.S. Application No. [ETH-5073 NP7], filed Jun. 25,
2004; U.S. Application No. [ETH-5073 NP8], filed Jun. 25,
2004; and U.S. Provisional Application No. 60/555,908,
filed Mar. 24, 2004.

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.

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 afflicted 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, hematapoeitic 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
specific 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,
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for example in bone marrow and related transplantations.
(Boyse et al., U.S. 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
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. (U.S. 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 precho-
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% confluence. The cells were not characterized with
respect to their biochemical or immunological properties, or
with respect to their gene expression.

[0009] Weiss et al. (U.S. 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 Jelly-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. Neur 182: 288-299, 2003). No enzymatic treatment
was used in the isolation procedure. They obtained two
distinct populations—spherical and flat mesenchymal cells.
The cells were genetically modified 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 myofibroblast-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.
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[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
subendothelial layer of the vein). In particular, the procedure
avoided inclusion of smooth muscle cells (SMCs) and
fibroblasts 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 defined 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.

SUMMARY OF THE INVENTION

[0014] In a first aspect, the invention provides isolated
umbilicus-derived cells (UDCs) that are derived from mam-
malian 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 are derived from human umbilicus.

[0015] 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.

[0016] In certain embodiments, the postpartum-derived
cell is an umbilicus-derived cell. In other embodiments it is
a placenta-derived cell. In specific 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).

[0017] 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.

[0018] Methods of culturing and expanding umbilicus-
derived cells and cell cultures and populations comprising
them are provided.

[0019] In another aspect of the invention isolated umbili-
cus-derived cells having specific cell surface marker expres-
sion profiles 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
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produce one or more of CD31, CD34, CD45, CD117,
CD141, or HLA-DR,DP,DQ, as detected by flow cytometry.

[0020] 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 fibroblast, 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-specific 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 c¢cDNA FLI12280 fis, clone
MAMMA1001744; cytokine receptor-like factor 1; potas-
sium intermediate/small conductance calcium-activated
channel, subfamily N, member 4; integrin, beta 7; transcrip-
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 fibulin-like extracellular matrix protein 1;
early growth response 3; distal-less homeobox 5; hypotheti-
cal protein FL.J20373; aldo-keto reductase family 1, member
C3 (3-alpha hydroxysteroid dehydrogenase, type II); bigly-
can; transcriptional co-activator with PDZ-binding motif
(TAZ); fibronectin 1; proenkephalin; integrin, beta-like 1
(with EGF-like repeat domains); Homo sapiens mRNA full
length insert cDNA clone EUROIMAGE 1968422; EphA3;
KIAAO0367 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 E1B 19 kDa interacting protein 3-like; AE binding
protein 1; and cytochrome ¢ oxidase subunit VIla 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 (melonoma
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
fibroblast, 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.

[0021] 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
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potential to differentiate into cells of other phenotypes,
wherein the cells do not stimulate allogeneic lymphocytes in
a mixed lymphocyte reaction, and expresses PD-L.2, but not
HLA-G, CD178, HLA-DR, HLA-DP, HLA-DQ, CDS0,
CDS86, 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 naive 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.

[0022] In another aspect, the invention provides isolated
human umbilicus-derived cells that secrete one or more of
the angiogenic factors MCP-1, 1L-6, 1L-8, GCP-2, HGF,
KGF, FGF, HB-EGF, BDNF, TPO, or TIMPI1. 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-1alpha,
TGF-beta2, ANG2, PDGFbb or VEGEF, as detected by
ELISA. In particular embodiments, they secrete few or none
of those molecules.

[0023] 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.

[0024] 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.

[0025] TIsolated 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.

[0026] 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 whose 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.

[0027] Also provided herein are therapeutic compositions
comprising an umbilicus-derived cell and another therapeu-
tic agent, factor, or bioactive agent. Such factors include, but
are not limited to, IGF, LIF, PDGF, EGF, FGF, as well as
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antithrombogenic, antiapoptotic agents, anti-inflammatory
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.

[0028] 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.

[0029] Compositons of the invention also include condi-
tioned culture media as provided herein. Such media have
first 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.

[0030] 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.

[0031] 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.

[0032] Kits are also provided herein. Kits useful for the
growth, isolation and use of the umbilical-derived cells are
provided.

[0033] These and further aspects of the invention will be
described in greater detail below.

DETAILED DESCRIPTION

Definitions

[0034] Various terms used throughout the specification
and claims are defined as set forth below.

[0035] Stem cells are undifferentiated cells defined 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, mesoderm
and ectoderm), 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.

[0036] Stem cells are classified according to their devel-
opmental potential as: (1) totipotent; (2) pluripotent; (3)
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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).

[0037] 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
blood) or non-blood-derived (e.g., as obtained from the
non-blood tissues of the umbilical cord and placenta).

[0038] Embryonic tissue is typically defined 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).

[0039] 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 specific 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-
differentiation 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 defines the
heredity of the cell, i.e. which cells it came from and what
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cells it can give rise to. The lineage of a cell places the cell
within a hereditary scheme of development and differentia-
tion.

[0040] 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 definition, 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 definition of progenitor cell may be used. In a
narrower sense, a progenitor cell is often defined 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.

[0041] As used herein, the phrase differentiates into a
mesodermal, ectodermal or endodermal lineage refers to a
cell that becomes committed to a specific mesodermal,
ectodermal or endodermal lineage, respectively. Examples
of cells that differentiate into a mesodermal lineage or give
rise to specific mesodermal cells include, but are not limited
to, cells that are adipogenic, chondrogenic, cardiogenic,
dermatogenic, hematopoetic, 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
give rise to the lining of the intestine, and cells that give rise
to pancreogenic and splanchogenic cells.

[0042] 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.

[0043] 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 first 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.

[0044] A cell line is a population of cells formed by one or
more subcultivations of a primary cell culture. Each round
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of subculturing is referred to as a passage. When cells are
subcultured, they are referred to as having been passaged. A
specific 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 first culture following
the isolation of cells from tissue, is designated P10. Follow-
ing the first 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.

[0045] A conditioned medium is a medium in which a
specific 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.

[0046] Generally, a trophicfactor is defined 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.

[0047] When referring to cultured vertebrate cells, the
term senescence (also replicative senescence or cellular
senescence) refers to a property attributable to finite cell
cultures; namely, their inability to grow beyond a finite
number of population doublings (sometimes referred to as
Hayflick’s limit). Although cellular senescence was first
described using fibroblast-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.
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[0048] Asused herein, the term Growth Medium generally
refers to a medium sufficient 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 Modified 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. defined 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 Growth Medium.

[0049] Also relating to the present invention, the term
standard growth conditions, as used herein refers to cultur-
ing of cells at 37° C., in a standard atmosphere comprising
5% CO,. 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
available in the art for culturing cells, for example, varying
the temperature, CO,, relative humidity, oxygen, growth
medium, and the like.

[0050] The following abbreviations are used herein:
[0051] ANG?2 (or Ang?2) for angiopoietin 2;

[0052] APC for antigen-presenting cells;

[0053] BDNF for brain-derived neurotrophic factor;
[0054] bBFGF for basic fibroblast growth factor;

[0055] bid (or BID) for “bis in die” (twice per day);
[0056] BSP for bone sialoprotein;

[0057] CK18 for cytokeratin 18;

[0058] CXC ligand 3 for chemokine receptor ligand 3;
[0059] DAPI for 4'-6-diamidino-2-phenylindole-2-HCl

DMEM for Dulbecco’s Minimal Essential Medium;

[0060] DMEM:g (or DMEM:Lg, DMEM:LG) for
DMEM with low glucose;

[0061] EDTA for ethylenediaminetetraacetic acid,;

[0062] EGF for epidermal growth factor;

[0063] ERG FOR ELECTRORETMALGRAM

[0064] FACS for fluorescent activated cell sorting;
[0065] FBS for fetal bovine serum;

[0066] GCP-2 for granulocyte chemotactic protein 2;
[0067] GFAP for glial fibrillary acidic protein;

[0068] HB-EGF for heparin-binding epidermal growth
factor;

[0069] HCAEC for human coronary artery endothelial
cells;

[0070] HGF for hepatocyte growth factor;

[0071] hMSC for human mesenchymal stem cells;
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[0072] HNF-lalpha for hepatocyte-specific transcription
factor;
[0073] HUVEC for human umbilical vein endothelial
cells;

[0074] 1309 for a chemokine and the ligand for the CCR8
receptor and is responsible for chemoattraction of TH2 type
T-cells. 1309 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).

[0075] 1L-6 for interleukin-6;

[0076] 1L-8 for interleukin-8;

[0077] K19 for keratin 19;

[0078] K8 for keratin 8;

[0079] KGF for keratinocyte growth factor;

[0080] MCP-1 for monocyte chemotactic protein 1;
[0081] MDC for macrophage-derived chemokine;

[0082] MIPlalpha for macrophage inflammatory protein
lalpha;

[0083] MIPlbeta for macrophage inflammatory protein
1beta;

[0084] MSC for mesenchymal stem cells;

[0085] NHDF for normal human dermal fibroblasts;
[0086] NPE for Neural Progenitor Expansion media;
[0087] PBMC for peripheral blood mononuclear cell;
[0088] PBS for phosphate buffered saline;

[0089] PDGFbb for platelet derived growth factor;
[0090] PDGFr/alpha for platelet derived growth factor
receptor alpha;

[0091]
[0092]
[0093]
[0094]

[0095] Rantes (or RANTES) for regulated on activation,
normal T cell expressed and secreted;

[0096] rhGDF-5 for recombinant human growth and dif-
ferentiation factor 5;

PD-L2 for programmed-death ligand 2;
PE for phycoerythrin

PO for “per 0s” (by mouth);

PPDC for postpartum-derived cell;

[0097] SC for subcutaneously;

[0098] SDF-lalpha for stromal-derived factor lalpha;
[0099] SHH for sonic hedgehog;

[0100] SOP for standard operating procedure;

[0101] TARC for thymus and activation-regulated
chemokine;

[0102] TCP for Tissue culture plastic;
[0103] TGFbeta2 for transforming growth factor beta2;
[0104] TGFbeta-3 for transforming growth factor beta-3;
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[0105] TIMPI for tissue inhibitor of matrix metallopro-
teinase 1;

[0106] TPO for thrombopoietin;

[0107] TUJ1 for BIII Tubulin;

[0108] UDC for umbilicus-derived cell;

[0109] VEGF for vascular endothelial growth factor;
[0110] vWF for von Willebrand factor;

[0111] alphaFP for alpha-fetoprotein;

[0112] Description

[0113] Various patents and other publications are cited

herein and throughout the specification, each of which is
incorporated in its entirety by reference herein.

[0114] 1In a first 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.

[0115] 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.

[0116] In another of its several aspects, cell cultures com-
prising the isolated umbilicus-derived cells of the invention
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 senesecence.

[0117] 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,
defined herein as medium comprising Dulbecco’s Modified
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. defined 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.).
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[0118] 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. In addition, the cells are able to grow in
many other culture media, including chemically defined
media in the absence of added serum. Several such media
are exemplified 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
specific types of cells or progenitors of specific 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 expansion.

[0119] Inaddition to the flexibility 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% O, to
about 20% or more O,. The cells grow and expand well in
Growth Medium under these conditions, typically in the
presence of about 5% CO,, 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 specific purposes
may be appropriate.

[0120] Although the cells have not demonstrated any
requirements for specific growth factors, the cells have
demonstrated a requirement for [.-valine over D-valine.
Thus preferred culture media should have the L-isomer of
this amino acid present. In addition to the demonstrated
flexibility 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, flasks, tubes
and the like, made of any of the materials known in the
art—e.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, polyorni-
thine, polylysine, vitronectin, or fibronectin, for example.

[0121] 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
defined 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 flexible 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.

[0122] Ina 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 sufficiently to generate yields of greater than
about 10" cells in less than about 80 days in culture when
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seeded at about 10° cells/cm® in a suitable medium. More
preferred are cells that can double sufficiently to generate
greater than about 10"° cells in less than about 80 days in
culture when seeded at about 5,000 cells/cm?. Still more
preferred is the isolated cell which can double sufficiently to
generate greater than about 10'7 cells in less than about 65
days in culture when seeded at about 5,000 cells/cm?.

[0123] 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 fibroblasts, cultured under the
same conditions.

[0124] In one embodiment, umbilical cells are isolated in
the presence of one or more enzyme activities. A broad 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 activ-
ites 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
Clostridium histolyticum, 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.

[0125] In another aspect of the invention, isolated umbi-
licus-derived cells having specific cell surface marker
expression profiles 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, CDl141,
PDGFr-alpha, HLA-A,B.C, and HL-DR, DP,DQ. More pre-
ferred are cells that are characterized with respect to their
production, or lack thereof, of several (e.g., two, four, five,
or eight), or even ten of, or all of, the foregoing, to provide
a profile 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.

[0126] 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 profile 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 flow cytometry.
More preferred are cells that do not produce several or more
of the foregoing. Still more preferred are cells for which
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production of none of CD31, CD34, CD45, CD117, CD141,
or LA-DR,DP,.DQ can be detected by flow cytometry under
the conditions described herein.

[0127] 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 CD31,
CD34, CD45, CD117, CD 141, or HLA-DR,DP,DQ as
detected by flow 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 pro-
duce any of CD31, CD34, CD45, CD117, CD141, or HLA-
DR,DP.DQ as detected by flow cytometry.

[0128] Such cells are highly characterized with respect to
their production of these cell surface proteins. In preferred
embodiments, the characterization of the cells with repect to
such production remains substantially constant and does not
change substantially with variations in isolation procedure,
passage, culture conditions, or even the coating or lack
thereof on a tissure culture vessel.

[0129] 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 fibroblast, 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-specific homeobox); sine oculis homeobox homolog 1
(Drosophila); crystallin, alpha B; dishevelled associated
activator of morphogenesis 2; DKFZP586B2420 protein;
similar to neuralin 1; tetranectin (plasminogen binding pro-
tein); src homology three (SH3) and cysteine rich domain;
B-cell translocation gene 1, anti-proliferative; cholesterol
25-hydroxylase; runt-related transcription factor 3; hypo-
thetical protein FLJ23191; 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; Homo sapiens cDNA FLJ12280 fis,
clone MAMMA1001744; cytokine receptor-like factor 1;
potassium intermediate/small conductance calcium-acti-
vated channel, subfamily N, member 4; integrin, alpha 7;
DKFZP5861.151 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 F1.J20373;
aldo-keto reductase family 1, member C3 (3-alpha hydrox-
ysteroid dehydrogenase, type II); biglycan; fibronectin 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
FLI14054,; Homo sapiens mRNA; cDNA DKFZp564B222
(from clone DKFZp564B222); vesicle-associated mem-
brane protein 5 (myobrevin); EGF-containing fibulin-like
extracellular matrix protein 1; BCL2/adenovirus EIB 19 kDa
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interacting protein 3-like; AE binding protein 1; cytochrome
¢ oxidase subunit VIla polypeptide 1 (muscle); neuroblas-
toma, suppression of tumorigenicity 1; insulin-like growth
factor binding protein 2, 36 kDa; as well as interleukin 8;
reticulon 1; chemokine (C-X-C motif) ligand 1 (melonoma
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.

[0130] 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 (melonoma 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, five 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.

[0131] Also provided are UDCs comprising the cell sur-
face marker characterization and which relative to a human
cell that is a fibroblast, 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-specific homeobox); sine oculis homeobox homolog 1
(Drosophila), crystallin, alpha B; dishevelled associated
activator of morphogenesis 2; DKFZP586B2420 protein;
similar to neuralin 1; tetranectin (plasminogen binding pro-
tein); src homology three (SH3) and cysteine rich domain;
B-cell translocation gene 1, anti-proliferative; cholesterol
25-hydroxylase; runt-related transcription factor 3; hypo-
thetical protein FL.J23191; 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; Homo sapiens cDNA FLJ12280 fis,
clone MAMMA1001744; cytokine receptor-like factor 1;
potassium intermediate/small conductance calcium-acti-
vated channel, subfamily N, member 4; integrin, alpha 7;
DKFZP5861.151 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 F1.J20373;
aldo-keto reductase family 1, member C3 (3-alpha hydrox-
ysteroid dehydrogenase, type II); biglycan; fibronectin 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
FLI14054, Homo sapiens mRNA; cDNA DKFZp564B222
(from clone DKFZp564B222); vesicle-associated mem-
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brane protein 5 (myobrevin); EGF-containing fibulin-like
extracellular matrix protein 1; BCL2/adenovirus E1B 19
kDa interacting protein 3-like; AE binding protein 1; cyto-
chrome ¢ oxidase subunit VIla polypeptide 1 (muscle);
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.

[0132] 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 (mel-
onoma 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 fibroblast, 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-specific homeobox); sine
oculis homeobox homolog 1 (Drosophila); crystallin, alpha
B; dishevelled 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 FL.J23191; 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 FLI12280 fis, clone MAMMA1001744,
cytokine receptor-like factor 1; potassium intermediate/
small conductance calcium-activated channel, subfamily N,
member 4; integrin, alpha 7; DKFZP5861.151 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 FL.J20373; aldo-keto reductase family
1, member C3 (3-alpha hydroxysteroid dehydrogenase, type
1I); biglycan; fibronectin 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 F1.J14054,; Homo sapiens
mRNA; cDNA  DKFZp564B222 (from  clone
DKFZp564B222); vesicle-associated membrane protein 5
(myobrevin); EGF-containing fibulin-like extracellular
matrix protein 1; BCL2/adenovirus E1B19 kDa interacting
protein 3-like; AE binding protein 1; cytochrome ¢ oxidase
subunit VIla polypeptide 1 (muscle); neuroblastoma, sup-
pression of tumorigenicity 1; insulin-like growth factor
binding protein 2, 36 kDa.

[0133] In another of its aspects, the invention provides
isolated human umbilicus-derived cells, which relative to a
human cell that is a fibroblast, a mesenchymal stem cell, or
an ileac crest bone marrow cell, have reduced expression of
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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
DKFZp586M2022 (from clone DKFZp586M2022); mesen-
chyme homeobox 2 (growth arrest-specific homeobox); sine
oculis homeobox homolog 1 (Drosophila); crystallin, alpha
B; dishevelled 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 F1.J23191; interleu-
kin 11 receptor, alpha; procollagen C-endopeptidase
enhancer; frizzled homolog 7 (Drosophila); hypothetical
gene BCO08967; collagen, type VII, alpha 1; tenascin C
(hexabrachion); iroquois homeobox protein 5; hephaestin;
integrin, beta 8; synaptic vesicle glycoprotein 2; Homo
sapiens cDNA FLJ12280 fis, clone MAMMA1001744,
cytokine receptor-like factor 1; potassium intermediate/
small conductance calcium-activated channel, subfamily N,
member 4; integrin, alpha 7; DKFZP5861.151 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 FL.J20373; aldo-keto reductase family
1, member C3 (3-alpha hydroxysteroid dehydrogenase, type
1I); biglycan; fibronectin 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 FL.J14054,; Homo sapiens
mRNA; cDNA  DKFZp564B222 (from  clone
DKFZp564B222); vesicle-associated membrane protein 5
(myobrevin); EGF-containing fibulin-like extracellular
matrix protein 1; BCL2/adenovirus E1B 19 kDa interacting
protein 3-like; AE binding protein 1; cytochrome ¢ oxidase
subunit VIla 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 (melonoma 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
fibroblast, 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.

[0134] 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
umbical cord blood for example.
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[0135] In preferred embodiments, the above gene expres-
sion profiles are substantially stable and do not vary with
passaging or normal culturing conditions. Of course, it is
understood that such a profile may vary when cells are
grown under conditions which stimulate or induce differen-
tiation into other phenotypes, for example, or the expression
of a different set of genes.

[0136] The invention also provides therapeutic cell cul-
tures comprising the cell having the cell surface production
or gene expression profiles, 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 —180° 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.

[0137] 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 flow
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
immuno-modulating proteins HLA-G and CD178, as deter-
mined by flow cytometry. Also preferred are therapeutic cell
cultures which express detectable amounts of the immuno-
modulating protein PD-L.2, as determined by flow 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.

[0138] 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, CDS0,
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.

[0139] Cells of the invention which secrete useful mol-
ecules, for example, growth factors, are presently preferred.
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Such cells have utlity not only for the their cellular proper-
ties but for their secreted molecules, for example in condi-
tioned medium, or cell-free lysates. In another aspect, the
invention provides isolated human umbilicus-derived cells
that secrete one or more of the angiogenic factors MCP-1,
1L-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 angio-
genic factors SDF-1 alpha, TGF-beta2, ANG2, PDGFbb or
VEGF, as detected by ELISA. In certain embodiments they
secrete none of SDF-1alpha, TGF-beta2, ANG2, PDGFbb or
VEGF, as detected by ELISA.

[0140] In another aspect, the cells of the invention are
defined according to a combination of many of the charac-
teristics provided herein. For example, the invention pro-
vides isolated umbilicus-derived cells comprising [-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-defined 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 —80° C. for long periods. Other preferred
temperatures range from about —90° C. to about -180° 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.

[0141] 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 fibronectin;

[0142] 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, CDI13, CD44, CD73, CD90, PDGFr-
alpha, PD-L.2 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 flow 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)
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ligand 3; and tumor necrosis factor, alpha-induced protein 3.
Preferred cells also have expression, which relative to a
human cell that is a fibroblast, a mesenchymal stem cell, or
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-specific homeobox); sine
oculis homeobox homolog 1 (Drosophila); crystallin, alpha
B; dishevelled 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 FL.J23191; 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 FLI12280 fis, clone MAMMA1001744,
cytokine receptor-like factor 1; potassium intermediate/
small conductance calcium-activated channel, subfamily N,
member 4; integrin, alpha 7; DKFZP5861.151 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 FL.J20373; aldo-keto reductase family
1, member C3 (3-alpha hydroxysteroid dehydrogenase, type
1I); biglycan; fibronectin 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 F1.J14054,; Homo sapiens
mRNA; cDNA  DKFZp564B222 (from  clone
DKFZp564B222); vesicle-associated membrane protein 5
(myobrevin); EGF-containing fibulin-like extracellular
matrix protein 1; BCL2/adenovirus E1B 19 kDa interacting
protein 3-like; AE binding protein 1; cytochrome ¢ oxidase
subunit VIla 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 Affymetrix
GENECHIP®.

[0143] 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,
1L-8, GCP-2, HGF, KGF, FGF, HB-EGF, BDNF, TPO,
MIPlalpha, RANTES, and TIMP1; preferred cells may
alternatively be characterized in their lack of secretion of at
least one of TGF-beta2, ANG2, PDGFbb, MIP1beta, 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.

[0144] In preferred embodiments, the cell comprises two
or more of the foregoing characteristics. More preferred are
those cells comprising, three, four, or five or more of the
characteristics. Still more preferred are those isolated post-
partum cells comprising six, seven, or eight or more of the
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characteristics. Still more preferred presently are those cells
comprising all nine of the claimed characteristics.

[0145] 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.

[0146] 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 five, 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.

[0147] Similarly, postpartum cells that lack production of
at least one, two, three, or four of the proteins CD31, CD34,
CD45, CD80, CD86, CDI117, CDI141, CD178, B7-H2,
HLA-G, and HLA-DR,DP.DQ, as detected by flow cytom-
etry are presently preferred. Cells lacking production of at
least five, 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.

[0148] Presently preferred cells produce each of CDI10,
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 flow cytometry.

[0149] 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 five, and still more preferred are
cell capable of expressing all six of the foregoing genes.

[0150] For some embodiments, preferred are cells, which
relative to a human cell that is a fibroblast, 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-specific homeobox); sine
oculis homeobox homolog 1 (Drosophila); crystallin, alpha
B; dishevelled 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 F1.J23191; interleu-
kin 11 receptor, alpha; procollagen C-endopeptidase
enhancer; frizzled homolog 7 (Drosophila); hypothetical
gene BCO08967; collagen, type VIII, alpha 1; tenascin C
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(hexabrachion); iroquois homeobox protein 5; hephaestin;
integrin, beta 8; synaptic vesicle glycoprotein 2; Homo
sapiens cDNA FLI12280 fis, clone MAMMA1001744,
cytokine receptor-like factor 1; potassium intermediate/
small conductance calcium-activated channel, subfamily N,
member 4; integrin, alpha 7; DKFZP5861.151 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 FL.J20373; aldo-keto reductase family
1, member C3 (3-alpha hydroxysteroid dehydrogenase, type
1I); biglycan; fibronectin 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 F1.J14054,; Homo sapiens
mRNA; cDNA  DKFZp564B222 (from  clone
DKFZp564B222); vesicle-associated membrane protein 5
(myobrevin); EGF-containing fibulin-like extracellular
matrix protein 1; BCL2/adenovirus E1B 19 kDa interacting
protein 3-like; AE binding protein 1; cytochrome ¢ oxidase
subunit VIla 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 fibroblasts, 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 fibroblast, 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.

[0151] Secretion of certain growth factors and other cel-
Iular 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, MIP1la, RANTES, and
TIMP1. Cells which secrete more than five, 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.

[0152] 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 five or six of the
foregoing proteins are more preferred. Cells which lack
secretion of all seven of the factors listed above are also
preferred.

[0153] 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
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therapeutic cell cultures are also provided for use in treating
a patient in need of neural growth stimulating trophic
factors.

[0154] 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.

[0155] 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.

[0156] 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.

[0157] 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.

[0158] 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 compatable herewith includes
mucolytic enzyme activities, metalloproteases, neutral pro-
teases, serine proteases (such as trypsin, chymotrypsin, or
elastase), and deoxyribonucleases. Presently preferred are
enzyme activites 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
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yields or efficiencies. Preferred methods involve enzymatic
treatment with for example collagenase and dispase, or
collagenase, dispase, and hyaluronidase, and such methods
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 Clostridium histolyticum, 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 37° 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.

[0159] While the use of enzyme activites 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.

[0160] 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.

[0161] 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 37° C., however the temperature
may range from about 35° C. to 39° C. depending on the
other culture conditions and desired use of the cells or
culture.

[0162] 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-defined growth media with no serum added. In such
cases, the cells may require certain growth factors, which
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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,
and PDGF. In more preferred embodiments, two, three or all
four of the factors are add to serum free or chemically
defined media. In other embodiments, LIF is added to
serum-free medium to support or improve growth of the
cells.

[0163] 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 [-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 confirmed by growing on D-valine containing
medium that lacks the L-isomer.

[0164] 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 10™* cells or more are provided. Preferred
are those methods which derive cells that can double suffi-
ciently to produce at least about 10*%, 10*>, 10'°, or 10'7 or
more cells when seeded at from about 10° to about 10°
cells/cm? in culture. Preferably these cell numbers are pro-
duced within 80, 70, or 60 days or less.

[0165] 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.

[0166] 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-
tetrafluoroethylene (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
commerically (e.g. TRANSWELL culture membranes
(Corning Inc, Corning N.Y.)).

[0167] 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.

[0168] In addition to the above, compositions derived
from the cells themselves are provided herein. Cell lysates,
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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
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 purification 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 specific 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 naive 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 lystate so obtained.

[0169] Compositions of the invention also include condi-
tioned culture media as provided herein. Such media have
first 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.

[0170] Preferably, the conditioned media of the invention
comprise one or more of MCP-1, 1L-6, 1L-8, GCP-2, HGF,
KGF, FGF, HB-EGF, BDNF, TPO, or TIMP1. More pre-
ferred are those conditioned media which comprise several,
(e.g., at least two, three or four) of the foregoing. Still more
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preferred are those which contain many (e.g., at least five,
six, seven eight or more) of the growth factors listed. Also
preferred are conditioned media which comprise additional
secreted molecules of interest.

[0171] Another embodiment provides a mammalian cell
culture comprising the conditioned medium and a mamma-
lian cell in need of MCP-1, IL-6, IL-8, GCP-2, HGF, KGF,
FGF, HB-EGF, BDNF, TPO, or TIMP1. 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 difficult to expand in culture in the
absence of the conditioned medium.

[0172] 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
difficult 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.

[0173] 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
UDC:s, 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.

[0174] 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-
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bling peptides. Preferred mats comprise nonwoven fibers.
Nonwoven mats may, for example, be formed using fibers
comprised of a synthetic absorbable copolymer of glycolic
and lactic acids (PGA/PLA), sold under the tradename
VICRYL (Fthicon, 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 U.S. Pat. No.
6,355,699. Self assembling peptides and hydrogels formed
therefrom are known in the art, and include RAD 16
hydrogel, exemplified herein. Such materials are frequently
used as supports for growth of cells or tissue.

[0175] 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.

[0176] 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.

[0177] 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, CDS0,
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.

[0178] Inconjunction with therapeutic cells, other biologi-
cally active molecules, such as antithrombogenic agents,
anti-apoptotic agents, and anti-inflammatory agents may be
useful and may be administered in sequence with, or coad-
ministered with the 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-1, IGF-II, hepatocyte growth factor (HGF), and caspase
inhibitors. Anti-inflammatory 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-inflammatory compounds, for example, Tep-
oxalin, Tolmetin, and Suprofen.

[0179] 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-

Jan. 11, 2007

oxidants. Examples of immunosuppressive and immudula-
tory agents include calcineurin inhibitors, for example
cyclosporine, Tacrolimus, mTOR inhibitors such as Siroli-
mus or Everolimus; anti-proliferatives such as azathioprine
and mycophenolate mofetil; corticosteroids for example
prednisolone or hydrocortisone; antibodies such as mono-
clonal anti-IL-2Ra receptor antibodies, Basiliximab, Dacli-
zumab; polyclonal anti-T-cell antibodies such as anti-thy-
mocyte globulin (ATG), anti-lymphocyte globulin (ALG),
and the monoclonal anti-T cell antibody OKT3. Antithrom-
bogenic compounds which can be therapeutically provided
in conjunction with the cells of the invention include, for
example, heparin, heparin derivatives, urokinase, and PPack
(dextrophenylalanine proline arginine chloromethylketone);
antithrombin compounds, platelet receptor antagonists, anti-
thrombin antibodies, anti-platelet receptor antibodies, aspi-
rin, dipyridamole, protamine, hirudin, prostaglandin inhibi-
tors, and platelet inhibitors. Antioxidants are well known in
the art of course and any pharamacueitcally acceptable
antioxidant may be administered in conjunction with the
cells of the invention including probucol; vitamins A, C, and
E, coenzyme Q-10, glutathione, L. cysteine, N-acetylcys-
teine, or antioxidant derivative, analogs or salts of the
foregoing.

[0180] 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 alos 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).
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The populations in some embodiments are homogenous or
even clonal cell lines of UDCs. In other embodiments, the
kits include other cell lines for use in coculture. Therapeutic
application kits preferably include additional bioactive
agents as desired for example anithrombogenic agents, anti-
inflammatory 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 field
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 (1) 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.

[0181] 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 exemplified.

EXAMPLE 1

Isolation of Cells from Postpartum Umbilicus
Tissues

[0182] Postpartum umbilicus tissues were obtained upon
birth of either a full term or pre-term pregnancy. Cells were
harvested from five 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

[0183] 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 flow 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
milligrams/milliliter, and amphotericin B at 0.25 micro-
grams/milliliter (Invitrogen Carlsbad, Calif.). The tissues
were then mechanically dissociated in 150 cm? 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 fine pulp. The chopped tissues were
transferred to 50 milliliter conical tubes (approximately 5
grams of tissue per tube).

[0184] 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, Mo.), 500 Units/
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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.

[0185] After digestion, the tissues were centrifuged at
150xg 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; defined 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 fil-
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.

[0186] The filtrate was resuspended in Growth Medium
(total volume 50 milliliters) and centrifuged at 150xg 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.

[0187] After the final 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.

[0188] The cells isolated from umbilical cord tissues were
seeded at 5,000 cells/cm® onto gelatin-coated T-75 flasks
(Corning Inc., Corning, N.Y.) in Growth Medium. After two
days, spent medium and unadhered cells were aspirated
from the flasks. 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 confluence (about 10 days from passage 0) to passage 1.
On subsequent passages (from passage 1 to 2 etc), cells
reached sub-confluence (75-85 percent confluence) in 4-5
days. For these subsequent passages, cells were seeded at
5,000 cells/cm?. Cells were grown in a humidified incubator
with 5 percent carbon dioxide at 37° C.

[0189] 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 C:D
or C:D:H enzyme mixture. Tissue digestion with LIB-
ERASE resulted in the isolation of cell populations from
postpartum tissues that expanded readily.

[0190] Cell isolation using other enzyme combinations.
Procedures were compared for isolating cells from the
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umbilical cord using differing enzyme combinations.
Enzymes compared for digestion included: i) collagenase; ii)
dispase; iii) hyaluronidase; iv) collagenase:dispase mixture
(C:D); v) collagenase:hyaluronidase mixture (C:H); vi) dis-
pase:hyaluronidase mixture (D:H); and vii) collagenase:dis-
pase:hyaluronidase mixture (C:D:H). Differences in cell
isolation utilizing these different enzyme digestion condi-
tions were observed (Table 1-1).

[0191] Isolation of cells from residual blood in the cords.
Other attempts were made to isolate pools of cells from
umbilical cord by different 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 150xg. The pellet was
resuspended and seeded onto gelatin coated flasks in growth
medium. From these experiments a cell population was
isolated that readily expanded.

[0192] TIsolation 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 buffer
(filter-sterilized 155 millimolar ammonium chloride, 10 mil-
limolar potassium bicarbonate, 0.1 millimolar EDTA buft-
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
buffer. 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 200xg). 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 200xg), the supernatant was
aspirated, and the cell pellet was washed in complete
medium. Cells were seeded directly into either T75 flasks
(Corning, N.Y.), T75 laminin-coated flasks, or T175
fibronectin-coated flasks (both Becton Dickinson, Bedford,
Mass.).

[0193] TIsolation of cells using different enzyme combina-
tions and growth conditions. To determine whether cell
populations could be isolated under different conditions and
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expanded under a variety of conditions immediately after
isolation, cells were digested in Growth Medium with or
without 0.001 percent (v/v) 2-mercaptoethanol (Sigma, St.
Louis, Mo.), using the enzyme combination of C:D:H,
according to the procedures provided above. All cells were
grown in the presence of penicillin at 100 Units per milliliter
and streptomycin at 100 micrograms per milliliter. Under all
tested conditions cells attached and expanded well between
passage 0 and 1 (Table 1-2). Cells in conditions 5-8 and
13-16 were demonstrated to proliferate well up to 4 passages
after seeding at which point they were cryopreserved.

Results

[0194] Cell isolation using different enzyme combina-
tions. The combination of C:D:H, provided the best cell
yield following isolation, and generated cells that expanded
for many more generations in culture than the other condi-
tions (Table 1-1). An expandable cell population was not
attained using collagenase or hyaluronidase alone. No
attempt was made to determine if this result is specific to the
collagenase that was tested.

TABLE 1-1

Isolation of cells from umbilical cord tissue using varying enzyme
combination

Enzyme Digest Cells Isolated Cell Expansion

Collagenase X X

Dispase + (>10 h) +

Hyaluronidase X X

Collagenase:Dispase ++ (<3 h) ++
Collagenase:Hyaluronidase ++ (<3 h) +

Dispase:Hyaluronidase + (>10 h) +

Collagenase:Dispase:Hyaluronidase ~ +++ (<3 h) +++
Key:

+ = good,

++ = very good,
+++ = excellent,
X = no success

[0195] TIsolation of cells using different enzyme combina-
tions and growth conditions. Cells attached and expanded
well between passage 0 and 1 under all conditions tested for
enzyme digestion and growth (Table 1-2). Cells in experi-
mental conditions 5-8 and 13-16 proliferated well up to 4
passages after seeding, at which point they were cryopre-
served. All cells were cryopreserved for further analysis.

TABLE 1-2

Isolation and culture expansion of postpartum cells under varying conditions:

Condition Medium

15% FBS BME Gelatin 20% O, Growth Factors

1 DMEM-Lg Y Y Y Y N
2 DMEM-Lg Y Y Y N (5%) N
3 DMEM-Lg Y Y N Y N
4 DMEM-Lg Y Y N N (5%) N
5 DMEM-Lg N (2%) Y N (Laminin) Y EGF/FGF (20 ng/ml)
6 DMEM-Lg N (2%) Y N (Laminin) N (5%) EGF/FGF (20 ng/ml)
7 DMEM-Lg N (2%) Y N Y PDGF/VEGF
(Fibronectin)
8 DMEM-Lg N (2%) Y N (5%) PDGF/VEGF
(Fibronectin)
9 DMEM-Lg Y N Y Y N
10 DMEM-Lg Y N Y N (5%) N
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TABLE 1-2-continued
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Isolation and culture expansion of postpartum cells under varying conditions:

Condition Medium 15% FBS BME Gelatin

20% O, Growth Factors

11 DMEM-Lg Y N N Y N

12 DMEM-Lg Y N N N (5%) N

13 DMEM-Lg N (2%) N N (Laminin) Y EGF/FGF (20 ng/ml)

14 DMEM-Lg N (2%) N N (Laminin) N (5%) EGF/FGF (20 ng/ml)

15 DMEM-Lg N (2%) N N Y PDGF/VEGF
(Fibronectin)

16 DMEM-Lg N (2%) N N N (5%) PDGF/VEGF

(Fibronectin)

[0196] Isolation of cells from residual blood in the cords.
Nucleated cells attached and grew rapidly. These cells were
analyzed by flow cytometry and were similar to cells
obtained by enzyme digestion.

[0197] Isolation of cells from cord blood. The preparations
contained red blood cells and platelets. No nucleated cells
attached and divided during the first 3 weeks. The medium
was changed 3 weeks after seeding and no cells were
observed to attach and grow.

[0198] Summary. Populations of cells could be isolated
from umbilical tissue efficiently using the enzyme combi-
nation collagenase (a metalloprotease), dispase (neutral pro-
tease) and hyaluronidase (mucolytic enzyme which breaks
down hyaluronic acid). LIBERASE, which is a blend of
collagenase and a neutral protease, may also be used.
Blendzyme 3, which is collagenase (4 Wunsch units/gram)
and thermolysin (1714 casein Units/gram), was also used
together with hyaluronidase to isolate cells. These cells
expanded readily over many passages when cultured in
growth expansion medium on gelatin coated plastic.

[0199] Cells were also isolated from residual blood in the
cords, but not cord blood. The presence of cells in blood
clots washed from the tissue, which adhere and grow under
the conditions used, may be due to cells being released
during the dissection process.

REFERENCE

[0200] 1.Ho, Tony, W., et al., WO2003025149 A2 “CELL
POPULATIONS WHICH CO-EXPRESS CD49C AND
CD90” NEURONYX, INC. Application No. US0229971
US, Filed 20020920, A2 Published 20030327, A3 Pub-
lished 20031218

EXAMPLE 2

Growth Characteristics of Umbilicus-Derived Cells

[0201] The cell expansion potential of umbilicus-derived
cells was compared to other populations of isolated stem
cells. The process of cell expansion to senescence is referred
to as Hayflick’s limit (Hayflick L. The longevity of cultured
human cells. J. Am. Geriatr. Soc. 22(1):1-12, 1974; Hayflick
L. The strategy of senescence. Gerontologist 14(1):37-45),
1974).

Materials and Methods

[0202] Gelatin-coating flasks. Tissue culture plastic flasks
were coated by adding 20 milliliters 2% (w/v) gelatin (Type

B: 225 Bloom; Sigma, St Louis, Mo.) to a T75 flask
(Corning Inc., Corning, N.Y.) for 20 minutes at room
temperature. After removing the gelatin solution, 10 milli-
liters phosphate-buffered saline (PBS) (Invitrogen, Carls-
bad, Calif.) were added and then aspirated.

[0203] Comparison of expansion potential of umbilicus-
derived cells with other cell populations. For comparison of
growth expansion potential the following cell populations
were utilized; 1) Mesenchymal stem cells (MSC; Cambrex,
Walkersville, Md.); ii) Adipose-derived cells (U.S. Pat. No.
6,555,374 B1; U.S. Patent Application US20040058412);
iii) Normal dermal skin fibroblasts (cc-2509 lot # 9F0844;
Cambrex, Walkersville, Md.); and iv) Umbilicuzs-derived
cells. Cells were initially seeded at 5,000 cells/cm on gela-
tin-coated T75 flasks in Growth Medium. For subsequent
passages, cell cultures were treated as follows. After
trypsinization, viable cells were counted after trypan blue
staining. Cell suspension (50 microliters) was combined
with trypan blue (50 microliters, Sigma, St. Louis Mo.).
Viable cell numbers were estimated using a hemocytometer.

[0204] Following counting, cells were seeded at 5,000
cells/cm onto gelatin-coated T 75 flasks in 25 milliliters of
fresh Growth Medium. Cells were grown in a standard
atmosphere (5 percent carbon dioxide (v/v)) at 37° C. The
Growth Medium was changed twice per week. When cells
reached about 85 percent confluence they were passaged;
this process was repeated until the cells reached senescence.

[0205] At each passage, cells were trypsinized and
counted. The viable cell yield, population doublings [In(cells
final/cells initial)/In2], and doubling time (time in culture/
population doubling) were calculated. For the purposes of
determining optimal cell expansion, the total cell yield per
passage was determined by multiplying the total yield for
the previous passage by the expansion factor for each
passage (i.e. expansion factor=cells final/cells initial).

[0206] Expansion potential of cell banks at low density.
The expansion potential of cells banked at passage 10 was
also tested. A different set of conditions was used. Normal
dermal skin fibroblasts (cc-2509 lot # 9F0844; Cambrex,
Walkersville, Md.), umbilicus-derived cells, and placenta-
derived cells were tested. These cell populations had been
banked at passage 10 previously, having been cultured at
5,000 cells/cm?® at each passage to that point. The effect of
cell density on the cell populations following cell thaw at
passage 10 was determined. Cells were thawed under stan-
dard conditions, counted using trypan blue staining. Thawed
cells were then seeded at 1,000 cells/‘cm® in Growth
Medium. Cells were grown under standard atmospheric
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conditions at 37° C. Growth Medium was changed twice a
week. Cells were passaged as they reached about 85%
confluence. Cells were subsequently passaged until senes-
cence, i.e., until they could not be expanded any further.
Cells were trypsinized and counted at each passage. The cell
yield, population doubling (In(cells final/cells initial)/In2)
and doubling time (time in culture)/population doubling).
The total cell yield per passage was determined by multi-
plying total yield for the previous passage by the expansion
factor for each passage (i.e., expansion factor=cells final/
cells initial).

[0207] Expansion of umbilicus-derived cells at low den-
sity from initial cell seeding. The expansion potential of
freshly isolated umbilicus-derived cell cultures under low
cell seeding conditions was tested in another experiment.
Umbilicus-derived cells were isolated as described in a
previous example. Cells were seeded at 1,000 cells/cm and
passaged as described above until senescence. Cells were
grown under standard atmospheric conditions at 37° C.
Growth Medium was changed twice per week. Cells were
passaged as they reached about 85% confluence. At each
passage, cells were trypsinized and counted by trypan blue
staining. The cell yield, population doubling (In (cell final/
cell initial)/In 2) and doubling time (time in culture/popu-
lation doubling) were calculated for each passage. The total
cell yield per passage was determined by multiplying the
total yield for the previous passage by the expansion factor
for each passage (i.e. expansion factor=cell final/cell initial).
Cells were grown on gelatin and non-gelatin coated flasks.

[0208] Expansion of cells in low oxygen culture condi-
tions. It has been demonstrated that low O, cell culture
conditions can improve cell expansion in certain circum-
stances (Csete, Marie; Doyle, John; Wold, Barbara I;
McKay, Ron; Studer, Lorenz. Low oxygen culturing of
central nervous system progenitor cells. US20040005704).
In order to determine if cell expansion of umbilicus-derived
cells could be improved by altering cell culture conditions,
cultures of umbilicus-derived cells were grown in low
oxygen conditions. Cells were seeded at 5,000 cells/cm?® in
Growth Medium on gelatin coated flasks. Cells were ini-
tially cultured under standard atmospheric conditions
through passage 5, at which point they were transferred to
low oxygen (5% O,) culture conditions.

[0209] Other growth conditions. In other experiments cells
were expanded on non-coated, collagen-coated, fibronectin-
coated, laminin-coated and matrigel-coated plates. Cultures
have been demonstrated to expand well on these different
matrices.

Results

[0210] Comparison of expansion potential of umbilicus-
derived cells with other cell populations. Umbilicus-derived
cells expanded for more than 40 passages generating cell
yields of >1E17 cells in 60 days. In contrast, MSCs and
fibroblasts senesced after <25 days and <60 days, respec-
tively. Although both adipose-derived and omental cells
expanded for almost 60 days they generated total cell yields
of 4.5E12 and 4.24E13 respectively. Thus, when seeded at
5,000 cells/cm® under the experimental conditions utilized,
umbilicus-derived cells expanded much better than the other
cell types grown under the same conditions (Table 2-1).
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TABLE 2-1

Growth characteristics for different cell populations grown to senescence

Total Population Yield
Cell Type Senescence Doublings (Total Cells)
MSC 24d 8 4.72E7
Adipose- 57d 24 4.5E12
derived cell
Fibroblasts 53d 26 2.82E13
Umbilical 65d 42 6.15E17

[0211] Expansion of potential of cell banks at low density.
Umbilicus-derived and fibroblast cells expanded for greater
than 10 passages generating cell yields of >1E11 cells in 60
days (Table 2-2). Under these conditions both the fibroblasts
and the umbilicus-derived cell populations senesced after 80
days, completing >50 and >40 population doublings respec-
tively.

TABLE 2-2

Growth characteristics for different cell populations using low density
growth expansion from passage 10 through senescence

Cell Type Total Population Yield
(Passage No.) Senescence Doublings (Total Cells)
Fibroblast (P10) 80 days 43.68 2.59E11
Umbilical (P10) 80 days 53.6 1.25E14

[0212] Expansion of cells in low oxygen culture condi-
tions. Cells expanded well under the reduced oxygen con-
ditions, however, culturing under low oxygen conditions
does not appear to have a significant effect on cell expansion
for postpartum-derived cells. These results are preliminary
in the sense that any ultimate conclusions to be made
regarding the effect of reduced oxygen would best be drawn
from experiments on growing cells in low oxygen from
initial isolation. Standard atmospheric conditions have
already proven successful for growing sufficient numbers of
cells, and low oxygen culture is not required for the growth
of postpartum-derived cells.

[0213] Summary. The current cell expansion conditions of
growing isolated umbilicus-derived cells at densities of
about 5,000 cells/cm?, in Growth Medium on gelatin-coated
or uncoated flasks, under standard atmospheric oxygen, are
sufficient to generate large numbers of cells at passage 11.
Furthermore, the data suggests that the cells can be readily
expanded using lower density culture conditions (e.g. 1,000
cells/cm?). Umbilicus-derived cell expansion in low oxygen
conditions also facilitates cell expansion, although no incre-
mental improvement in cell expansion potential has yet been
observed when utilizing these conditions for growth. Pres-
ently, culturing umbilicus-derived cells under standard
atmospheric conditions is preferred for generating large
pools of cells. However, when the culture conditions are
altered, umbilicus-derived cell expansion can likewise be
altered. This strategy may be used to enhance the prolifera-
tive and differentiative capacity of these cell populations.

[0214] Under the conditions utilized, while the expansion
potential of MSC and adipose-derived cells is limited,
umbilicus-derived cells expand readily to large numbers.
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EXAMPLE 3

Growth of Umbilicus-Derived Cells in Medium
Containing D-Valine

[0220] Tt has been reported that medium containing D-va-
line instead of the normal L-valine isoform can be used to
selectively inhibit the growth of fibroblast-like cells in
culture (Hongpaisan, 2000; Sordillo et al., 1988). Experi-
ments were performed to determine whether umbilicus-
derived cells could grow in medium containing D-valine.

Methods & Materials

[0221] Umbilicus-derived cells (P5) and fibroblasts (P9)
were seeded at 5,000 cells/cm? in gelatin-coated T75 flasks
(Corning, Corning, N.Y.). After 24 hours the medium was
removed and the cells were washed with phosphate buffered
saline (PBS) (Gibco, Carlsbad, Calif.) to remove residual
medium. The medium was replaced with a modified Growth
Medium (DMEM with D-valine (special order Gibco), 15%
(v/v) dialyzed fetal bovine serum (Hyclone, Logan, Utah),
0.001% (v/v) betamercaptoethanol (Sigma), penicillin at 50
Units/milliliter and streptomycin at 50 milligrams/milliliter
(Gibco)).

Results

[0222] Neither the umbilicus-derived cells nor the fibro-
blast cells seeded in the D-valine-containing medium pro-
liferated, unlike cells seeded in Growth Medium containing
dialyzed serum. Fibroblasts cells changed morphologically,
increasing in size and changing shape. All of the cells died
and eventually detached from the flask surface after four
weeks. Thus, it may be concluded that umbilicus-derived
cells require [-valine for cell growth and to maintain
long-term viability.
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EXAMPLE 4

Karyotype Analysis of Umbilicus-Derived PPDCs

[0225] Cell lines used in cell therapy are preferably homo-
geneous and free from any contaminating cell type. Human
cells used in cell therapy should have a normal number (46)
of chromosomes with normal structure. To identify umbili-
cus-derived cell lines that are homogeneous and free from
cells of non-umbilical tissue origin, karyotypes of cell
samples were analyzed.

Materials and Methods

[0226] PPDCs from postpartum tissue of a male neonate
were cultured in Growth Media. Postpartum tissue from a
male neonate (X,Y) was selected to allow distinction
between neonatal-derived cells and maternal derived cells
(X,X). Cells were seeded at 5,000 cells per square centime-
ter in Growth Medium in a T25 flask (Corning, Corning,
N.Y.) and expanded to 80% confluence. A T25 flask con-
taining cells was filled to the neck with Growth Media.
Samples were delivered to a clinical cytogenetics lab by
courier (estimated lab to lab transport time is one hour).
Chromosome analysis was performed by the Center for
Human & Molecular Genetics at the New Jersey Medical
School, Newark, N.J. Cells were analyzed during metaphase
when the chromosomes are best visualized. Of twenty cells
in metaphase counted, five were analyzed for normal homo-
geneous karyotype number (two). A cell sample was char-
acterized as homogeneous if two karyotypes were observed.
A cell sample was characterized as heterogeneous if more
than two karyotypes were observed. Additional metaphase
cells were counted and analyzed when a heterogeneous
karyotype number (four) was identified.

Results

[0227] All cell samples sent for chromosome analysis
were interpreted by as exhibiting a normal appearance. Each
of the cell samples was characterized as homogeneous.
(Table 4-1).

TABLE 4-1

Karyotype results of PPDCs.

Metaphase
cells Metaphase ~ Number of  ISCN
Tissue Passage counted cells analyzed karyotypes Karyotype
Umbilical 23 20 5 2 46, XX
Umbilical 6 20 5 2 46, XY
Umbilical 3 20 5 2 46, XX

[0228] Summary. Chromosome analysis identified umbi-
licus-derived PPDCs whose karyotypes appear normal as
interpreted by a clinical cytogenetic laboratory. Karyotype
analysis also identified cell lines free from maternal cells, as
determined by homogeneous karyotype.

EXAMPLE 5

Flow Cytometric Evaluation of Human
Umbilicus-Derived Cell Surface Markers

[0229] Characterization of cell surface proteins or “mark-
ers” by flow cytometry can be used to determine a cell line’s
identity. The consistency of expression can be determined
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from multiple donors, and in cells exposed to different
processing and culturing conditions. Postpartum cell lines
isolated from the umbilicus were characterized by flow
cytometry, providing a profile for the identification of these
cell lines.

Materials and Methods

[0230] Media and Culture Vessels. Cells were cultured in
Growth Medium, in plasma-treated 175, T150, and T225
tissue culture flasks (Corning, Corning, N.Y.) until conflu-
ent. The growth surfaces of the flasks were coated with
gelatin by incubating 2% (w/v) gelatin (Sigma, St. Louis,
Mo.) for 20 minutes at room temperature.

[0231] Antibody Staining. Adherent cells in flasks were
washed in phosphate buffered saline (PBS); (Gibco, Carls-
bad, Mo.) and detached with Trypsin/EDTA (Gibco). Cells
were harvested, centrifuged, and resuspended in 3% (v/v)
FBS in PBS at a cell concentration of 1x107 per milliliter. In
accordance with the manufacture’s specifications, antibody
to the cell surface marker of interest (see below) was added
to 100 microliters of cell suspension and the mixture was
incubated in the dark for 30 minutes at 4° C. After incuba-
tion, cells were washed with PBS and centrifuged to remove
unbound antibody. Cells were resuspended in 500 microli-
ters PBS and analyzed by flow cytometry.

[0232] Flow Cytometry Analysis. Flow cytometry analy-
sis was performed with a FACScalibur instrument (Becton
Dickinson, San Jose, Calif.).

[0233] Antibodies to Cell Surface Markers. The following
antibodies to cell surface markers were used.

TABLE 5-1

Antibodies used in characterizing cell surface markers of UDCs.

Antibody

Number Manufacture Catalog
CD10 BD Pharmingen (San Diego, CA) 555375
CD13 BD Pharmingen 555394
CD31 BD Pharmingen 555446
CD34 BD Pharmingen 555821
CD44 BD Pharmingen 555478
CD45RA BD Pharmingen 555489
CD73 BD Pharmingen 550257
CD90 BD Pharmingen 555596
CD117 BD Pharmingen 340529
CD141 BD Pharmingen 559781
PDGFr-alpha BD Pharmingen 556002
HLA-A, B, C BD Pharmingen 555553
HLA-DR, DP, DQ BD Pharmingen 555558
IgG-FITC Sigma (St. Louis, MO) F-6522
1gG-PE Sigma P-4685

[0234] Passage to Passage Comparison. Umbilicus-de-
rived cells were analyzed at passages 8, 15, and 20.

[0235] Donor to Donor Comparison. To compare differ-
ences among donors, umbilical from different donors were
compared to each other.

[0236] Surface Coating Comparison. Umbilicus-derived
cells cultured on gelatin-coated flasks was compared to
umbilicus cultured on uncoated flasks.

Results

[0237] Umbilicus-Derived Cell Characterization. Umbili-
cus-derived cells analyzed by flow cytometry showed posi-

Jan. 11, 2007

tive expression of CD10, CD13, CD44, CD73, CD90,
PDGFr-alpha and HLA-A, B, C, indicated by the increased
values of fluorescence relative to the IgG control (data not
shown). These cells were negative for detectable expression
of CD31, CD34, CD45, CD117, CD141, and HLA-DR, DP,
DQ, indicated by fluorescence values comparable to the IgG
control (data not shown). Variations in florescence values of
positive curves were accounted for. The mean (i.e. CD13)
and range (i.e. CD90) of the positive curves showed some
variation, but the curves appear normal, confirming a
homogenous population. Both curves individually exhibited
values greater than the IgG control.

[0238] Passage to Passage Comparison. Umbilical cells at
passage 8, 15, and 20 analyzed by flow cytometry all
expressed CD10, CD13, CD44, CD73, CD90, PDGFr-alpha
and HLA-A, B, C, indicated by increased fluorescence
relative to the IgG control. These cells were negative for
CD31, CD34, CD45, CDI117, CD141, and HLA-DR, DP,
DQ, indicated by fluorescence values consistent with the
IgG control. Variations in florescence detection values of
positive curves were within expected ranges. While the
means (i.e. CD13) of the positive curves varied all curves
individually exhibited values greater than the IgG control.

[0239] Donor to Donor Comparison. Umbilicus-derived
cells isolated from separate donors analyzed by flow cytom-
etry each showed positive expression of CD10, CDI13,
CD44, CD73, CD90, PDGFr-alpha and HLA-A, B, C,
reflected in the increased values of fluorescence relative to
the IgG control. These cells were negative for expression of
CD31, CD34, CD45, CDI117, CD141, and HLA-DR, DP,
DQ with fluorescence values consistent with the IgG con-
trol. Variations in florescence detection values of positive
curves were accounted for. While the mean (i.e. CD10) of
the positive curves varied, both curves individually exhib-
ited values greater than the IgG control.

[0240] The Effect of Surface Coating with Gelatin.
Umbilical cells expanded on gelatin and uncoated flasks
analyzed by flow cytometry all were positive for expression
of CD10, CD13, CD44, CD73, CD90, PDGFr-alpha and
HLA-A, B, C, with increased values of fluorescence relative
to the IgG control. These cells were negative for expression
of CD31, CD34, CD45, CD117, CD141, and HLA-DR, DP,
DQ, with fluorescence values consistent with the IgG con-
trol.

[0241] Summary. Analysis of umbilicus-derived postpar-
tum cells by flow cytometry has established a profile useful
to identify these cell lines. Umbilicus-derived postpartum
cells are positive for CD10, CD13, CD44, CD73, CD90,
PDGFr-alpha, HLA-A,B,C and negative for CD31, CD34,
CD45, CD117,CD141 and HLA-DR, DP, DQ. This identity
was consistent between variations in variables including the
donor, passage, culture vessel surface coating, and digestion
enzymes used in isolation and preparation of the cells. Some
variation in individual fluorescence value histogram curve
means and ranges were observed, but all positive curves
under all conditions tested were normal and expressed
fluorescence values greater than the IgG control, thus con-
firming that the cells comprise a homogenous population,
which has positive expression of the markers.
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EXAMPLE 6

Analysis of Cells by Oligonucleotide Array

[0242] Oligonucleotide arrays were used to compare gene
expression profiles of umbilicus- and placenta-derived cells
with fibroblasts, human mesenchymal stem cells, and
another cell line derived from human bone marrow. This
analysis provided a characterization of the postpartum-
derived cells and identified unique molecular markers for
these cells.

[0243] Materials and Methods

[0244] Tsolation and Culture of Cells

[0245] Postpartum tissue-derived cells. Human umbilical
cords and placenta were obtained from National Disease
Research Interchange (NDRI, Philadelphia, Pa.) from nor-
mal full term deliveries with patient consent. The tissues
were received and cells were isolated as described in
Example 1. Cells were cultured in Growth Medium on
gelatin-coated tissue culture plastic flasks. The cultures were
incubated at 37° C. with 5% CO.,.

[0246] Fibroblasts. Human dermal fibroblasts were pur-
chased from Cambrex Incorporated (Walkersville, Md.; Lot
number 9F0844) and ATCC CRL-1501 (CCD39SK). Both
lines were cultured in DMEM/F12 medium (Invitrogen,
Carlsbad, Calif.) with 10% (v/v) fetal bovine serum
(Hyclone) and penicillin/streptomycin (Invitrogen)). The
cells were grown on standard tissue-treated plastic.

[0247] Human Mesenchymal Stem Cells (hMSC). hMSCs
were purchased from Cambrex Incorporated (Walkersville,
Md.; Lot numbers 2F1655, 2F1656 and 2F1657) and cul-
tured according to the manufacturer’s specifications in
MSCGM Media (Cambrex). The cells were grown on stan-
dard tissue cultured plastic at 37° C. with 5% CO,.

[0248] Human Ileac Crest Bone Marrow Cells (ICBM).
Human ileac crest bone marrow was received from NDRI
with patient consent. The marrow was processed according
to the method outlined by Ho, et al. (W003/025149). The
marrow was mixed with lysis buffer (155 mM NH,CI, 10
mM KHCO;, and 0.1 mM EDTA, pH 7.2) at aratio of 1 part
bone marrow to 20 parts lysis buffer. The cell suspension
was vortexed, incubated for 2 minutes at ambient tempera-
ture, and centrifuged for 10 minutes at 500xg. The super-
natant was discarded and the cell pellet was resuspended in
Minimal Essential Medium-alpha (Invitrogen) supple-
mented with 10% (v/v) fetal bovine serum and 4 mM
glutamine. The cells were centrifuged again and the cell
pellet was resuspended in fresh medium. The viable mono-
nuclear cells were counted using trypan-blue exclusion
(Sigma, St. Louis, Mo.). The mononuclear cells were seeded
in tissue-cultured plastic flasks at 5x10* cells/cm?. The cells
were incubated at 37° C. with 5% CO, at either standard
atmospheric O, or at 5% O,. Cells were cultured for 5 days
without a media change. Media and non-adherent cells were
removed after 5 days of culture. The adherent cells were
maintained in culture.

[0249] TIsolation of mRNA and GENECHIP Analysis.
Actively growing cultures of cells were removed from the
flasks with a cell scraper in cold phosphate buffered saline
(PBS). The cells were centrifuged for 5 minutes at 300xg.
The supernatant was removed and the cells were resus-
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pended in fresh PBS and centrifuged again. The supernatant
was removed and the cell pellet was immediately frozen and
stored at —-80° C. Cellular mRNA was extracted and tran-
scribed into cDNA. cDNA was then transcribed into cRNA
and biotin-labeled. The biotin-labeled cRNA was hybridized
with Affymetrix GENECHP HG-U133A oligonucleotide
arrays (Affymetrix, Santa Clara, Calif.). The hybridizations
and data collection were performed according to the manu-
facturer’s specifications. The hybridization and data collec-
tion was performed according to the manufacturer’s speci-
fications. Data analyses were performed using “Significance
Analysis of Microarrays” (SAM) version 1.21 computer
software (Tusher, V. G. et al.,, 2001, Proc. Natl. Acad. Sci.
USA4 98: 5116-5121). Licenses for the analysis software are
available through the Office of Technology Licensing, Stan-
ford University, and more information is available on the
World Wide Web at Professor Tibshirani’s web site in the
Dep’t of Statistics, Stanford University (www-stat.stanford-
.edu/~tibs/SAM/).

[0250] Results

[0251] Fourteen different populations of cells were ana-
lyzed in this study. The cells along with passage information,
culture substrate, and culture media are listed in Table 6-1.

TABLE 6-1

Cells analyzed by the microarray study. The cells lines
are listed by their identification code along with passage at the
time of analysis, cell growth substrate, and growth media.

Cell Population Passage Substrate Media

Umbilical (022803) 2 Gelatin  DMEM, 15% FBS, BME
Umbilical (042103) 3 Gelatin  DMEM, 15% FBS, BME
Umbilical (071003) 4  Gelatin  DMEM, 15% FBS, ME
Placenta (042203) 12 Gelatin  DMEM, 15% FBS, ME
Placenta (042903) 4  Gelatin  DMEM, 15% FBS, ME
Placenta (071003) 3 Gelatin  DMEM, 15% FBS, BME
ICBM (070203) (5% O5) 3 Plasic ~ MEM 10% FBS

ICBM (062703) (std O,) 5 Plasic  MEM 10% FBS

ICBM (062703)(5% O5) 5 Plasic  MEM 10% FBS

hMSC (Lot 2F1655) 3 Plasic ~ MSCGM

hMSC (Lot 2F1656) 3 Plasic ~ MSCGM

hMSC (Lot 2F1657) 3 Plasic ~ MSCGM

hFibroblast (9F0844) 9  Plasic =~ DMEM-F12, 10% FBS
hFibroblast (CCD39SK) 4  Plastic ~ DMEM-F12, 10% FBS

[0252] The data were evaluated by Principle Component
Analysis with SAM software as described above. Analysis
revealed 290 genes that were expressed in different relative
amounts in the cells tested. This analysis provided relative
comparisons between the populations.

[0253] Table 6-2 shows the Euclidean distances that were
calculated for the comparison of the cell pairs. The Euclid-
ean distances were based on the comparison of the cells
based on the 290 genes that were differentially expressed
among the cell types. The Euclidean distance is inversely
proportional to similarity between the expression of the 290
genes.
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TABLE 6-2
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TABLE 6-3-continued

The Euclidean distance was calculated for the cell types using the
290 genes that were expressed differentially between the cell types.
Similarity between the cells is inversely proportional to the

The Euclidean Distances for the Cell Pairs.

Euclidean distance.

Genes which are specifically increased in expression in the

placenta-derived cells as compared to the other cell lines assayed.
Genes Increased in Placenta-Derived Cells

NCBI
Cell Pair Euclidean Distance Accession
Probe Set ID  Gene Name Number
ICBM-hMSC 24.71
Placenta-umbilical 25.52 214993 at Homo sapiens, clone IMAGE: 4179671,  AF070642
ICBM-Fibroblast 36.44 mRNA, partial cods
;C-fhﬁplicﬁjstz g;-gg 202178_at protein kinase C, zeta NM.__002744
ibroblast- . . .

ICBM-Umbilical 2015 209780__at hypothetical pr?teln DlKFZp564F013 AL136883
Fibroblast-Umbilical 41.59 204135_at downregulated in ovarian cancer 1 NM__ 014890
MSC-Placenta 42.84 213542__at Homo sapiens mRNA; cDNA AI246730
MSC-Umbilical 46.86 DKFZp547K1113 (from clone
ICBM-placenta 48.41 DKFZp547K1113)

[0254] Tables 6-3, 6-4, and 6-5 show the expression of [0255]

genes increased in placenta-derived cells (Table 6-3),

increased in umbilical cord-derived cells (Table 6-4), and TABLE 6-4

reduced in umbilical cord and placenta-derived cells (Table

6-5).

TABLE 6-3

Genes which are specifically increased in expression in umbilical cord -
derived cells as compared to the other cell lines assayed.
Genes Increased in Umbilicus-Derived Cells

Genes which are specifically increased in expression in the
placenta-derived cells as compared to the other cell lines assayed. Probe Set ID  Gene Name
Genes Increased in Placenta-Derived Cells

Probe Set ID

Gene Name

209732_at

206067_s_ at

207016_s_ at

206367 _at
210004__at

C-type (calcium dependent, carb

recognition domain) lectin, superfamily

member 2 (activation-induced)
Wilms tumor 1

aldehyde dehydrogenase 1 family,

member A2

Renin

oxidized low density lipoprotein
(lectin-like) receptor 1

NCBI
Accession
Number
202859_x_at Interleukin 8 NM__000584
NCBI 211506_s_at Interleukin 8 AF043337
Accession 210222_s_at reticulon 1 BC000314
Number 204470__at chemokine (C-X-C motif) ligand 1 NM_ 001511
(melanoma growth stimulating activity
ohydrate- AF070642 206336_at chemokine (C-X-C motif) ligand 6 NM_ 002993
(granulocyte chemotactic protein 2)
207850__at Chemokine (C-X-C motif) ligand 3 NM__002090
NM_024426 203485_at reticulon 1 NM_021136
AB015228 202644 s at tumor necrosis factor, alpha-induced NM__ 006290
protein 3
NM_000537
AF035776
[0256]
TABLE 6-5
Genes which were decreased in expression in the umbilical cord and
placenta cells as compared to the other cell lines assayed.
Genes Decreased in Umbilicus- and Placenta-Derived Cells
Probe Set NCBI Accession
1D Gene name Number
210135_s_at short stature homeobox 2 AF022654.1
205824 _at heat shock 27 kDa protein 2 NM_001541.1
209687 _at chemokine (C-X-C motif) ligand 12 (stromal cell-derived factor 1)  U19495.1
203666__at chemokine (C-X-C motif) ligand 12 (stromal cell-derived factor 1)  NM__000609.1
212670_at elastin (supravalvular aortic stenosis, Williams-Beuren syndrome) AAATI278
213381_at Homo sapiens mRNA; ¢cDNA DKFZp586M2022 (from clone N91149
DKFZp586M2022)
206201_s_at mesenchyme homeobox 2 (growth arrest-specific homeobox) NM__005924.1
205817_at Sine oculis homeobox homolog 1 (Drosophila) NM__005982.1
209283 _at crystallin, alpha B AF007162.1
212793_at dishevelled associated activator of morphogenesis 2 BF513244
213488 _at DKFZP586B2420 protein AL050143.1
209763 _at similar to neuralin 1 AL049176
205200_at Tetranectin (plasminogen binding protein) NM__003278.1
205743 _at src homology three (SH3) and cysteine rich domain NM_003149.1
200921_s_at B-cell translocation gene 1, anti-proliferative NM_001731.1
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Genes which were decreased in expression in the umbilical cord and
placenta cells as compared to the other cell lines assayed.
Genes Decreased in Umbilicus- and Placenta-Derived Cells

Probe Set NCBI Accession
1D Gene name Number
206932 at cholesterol 25-hydroxylase NM__003956.1
204198_s_at runt-related transcription factor 3 AA541630
219747 _at hypothetical protein FLJ23191 NM_024574.1
204773_at Interleukin 11 receptor, alpha NM_004512.1
202465__at Procollagen C-endopeptidase enhancer NM_002593.2
203706_s_at  Frizzled homolog 7 (Drosophila) NM__003507.1
212736_at hypothetical gene BC008967 BE299456
214587 _at Collagen, type VIII, alpha 1 BER77796
201645_at Tenascin C (hexabrachion) NM_002160.1
210239_at iroquois homeobox protein 5 U90304.1
203903_s_at Hephaestin NM_014799.1
205816__at integrin, beta 8 NM__002214.1
203069__at synaptic vesicle glycoprotein 2 NM_014849.1
213909__at Homo sapiens cDNA FLJ12280 fis, clone MAMMA1001744 AU147799
206315_at cytokine receptor-like factor 1 NM__004750.1
204401__at potassium intermediate/small conductance calcium-activated channel, NM__002250.1
subfamily N, member 4
216331_at integrin, alpha 7 AK022548.1
209663_s_at integrin, alpha 7 AF072132.1
213125_at DKFZP586L151 protein AWO007573
202133_at transcriptional co-activator with PDZ-binding motif (TAZ) AA081084
206511_s_at  Sine oculis homeobox homolog 2 (Drosophila) NM_016932.1
213435_at KIAA1034 protein AB028957.1
206115_at early growth response 3 NM__004430.1
213707_s_at distal-less homeobox 5 NM_005221.3
218181_s_at hypothetical protein FLI20373 NM_017792.1
209160__at aldo-keto reductase family 1, member C3 (3-alpha hydroxysteroid ABO018580.1
dehydrogenase, type II)
213905_x_at Biglycan AARA5258
201261_x_at Biglycan BC002416.1
202132_at transcriptional co-activator with PDZ-binding motif (TAZ) AA081084
214701_s_at fibronectin 1 AJ276395.1
213791_at Proenkephalin NM_006211.1
205422_s_at Integrin, beta-like 1 (with EGF-like repeat domains) NM_004791.1
214927 _at Homo sapiens mRNA full length insert cDNA clone EUROIMAGE  AL359052.1
1968422
206070_s_at EphA3 AF213459.1
212805_at KIAAO0367 protein AB002365.1
219789_at natriuretic peptide receptor C/guanylate cyclase C (atrionatriuretic Al628360
peptide receptor C)
219054 at hypothetical protein FLJ14054 NM_024563.1
213429_ at Homo sapiens mRNA; cDNA DKFZp564B222 (from clone AW025579
DKFZp3564B222)
204929_s_at vesicle-associated membrane protein 5 (myobrevin) NM__006634.1
201843_s_at EGF-containing fibulin-like extracellular matrix protein 1 NM__004105.2
221478_at BCL2/adenovirus E1B 19 kDa interacting protein 3-like AL132665.1
201792 at AE binding protein 1 NM_ 001129.2
204570__at cytochrome ¢ oxidase subunit VIIa polypeptide 1 (muscle) NM_001864.1
201621_at neuroblastoma, suppression of tumorigenicity 1 NM__005380.1
202718_at Insulin-like growth factor binding protein 2, 36 kDa NM__000597.1

[0257] Tables 6-6, 6-7, and 6-8 show the expression of
genes increased in human fibroblasts (Table 6-6), ICBM
cells (Table 6-7), and MSCs (Table 6-8).

TABLE 6-6

TABLE 6-6-continued

Genes which were increased in expression in
fibroblasts as compared to the other cell lines assayed.
Genes increased in fibroblasts

Genes which were increased in expression in
fibroblasts as compared to the other cell lines assayed.
Genes increased in fibroblasts

dual specificity phosphatase 2

KIAA0527 protein

Homo sapiens cDNA: FLI23224 fis, clone ADSU02206
dynein, cytoplasmic, intermediate polypeptide 1

ankyrin 3, node of Ranvier (ankyrin G)

inhibin, beta A (activin A, activin AB alpha polypeptide)
ectonucleotide pyrophosphatase/phosphodiestrease 4 (putative function)
KIAA1053 protein

microtubule-associated protein 1A

zinc finger protein 41

HSPCO019 protein

Homo sapiens cDNA: FLI23564 fis, clone LNG10773
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TABLE 6-6-continued

Genes which were increased in expression in
fibroblasts as compared to the other cell lines assayed.
Genes increased in fibroblasts

Homo sapiens mRNA; ¢cDNA DKFZp564A072 (from clone
DKFZp564A072)

LIM protein (similar to rat protein kinase C-binding enigma)
inhibitor of kappa light polypeptide gene enhancer in B-cells, kinase
complex-associated protein

hypothetical protein FLJ22004

Human (clone CTG-A4) mRNA sequence

ESTs, Moderately similar to cytokine receptor-like factor 2; cytokine
receptor CRL2 precursor [Homo sapiens]

transforming growth factor, beta 2

hypothetical protein MGC29643

antigen identified by monoclonal antibody MRC OX-2

putative X-linked retinopathy protein

[0258]

TABLE 6-7

Genes which were increased in expression in the
ICBM-derived cells as compared to the other cell lines assayed.
Genes Increased In ICBM Cells

cardiac ankyrin repeat protein

MHC class I region ORF

integrin, alpha 10

hypothetical protein FLJ22362
UDP-N-acetyl-alpha-D-galactosamine:polypeptide
N-acetylgalactosaminyltransferase 3 (GalNAc-T3)
interferon-induced protein 44

SRY (sex determining region Y)-box 9 (campomelic dysplasia,
autosomal sex-reversal)

keratin associated protein 1-1

hippocalcin-like 1

jagged 1 (Alagille syndrome)

proteoglycan 1, secretory granule

[0259]

TABLE 6-8

Genes which were increased in expression in the MSC
cells as compared to the other cell lines assayed.
Genes Increased In MSC Cells

interleukin 26

maltase-glucoamylase (alpha-glucosidase)

nuclear receptor subfamily 4, group A, member 2

v-fos FBJ murine osteosarcoma viral oncogene homolog
hypothetical protein DC42

nuclear receptor subfamily 4, group A, member 2

FBI murine osteosarcoma viral oncogene homolog B
WNTI1 inducible signaling pathway protein 1

MCE.2 cell line derived transforming sequence

potassium channel, subfamily K, member 15

cartilage paired-class homeoprotein 1

Homo sapiens cDNA FLJ12232 fis, clone MAMMA1001206
Homo sapiens cDNA FLJ34668 fis, clone LIVER2000775
Jjun B proto-oncogene

B-cell CLL/lymphoma 6 (zinc finger protein 51)

zinc finger protein 36, C3H type, homolog (mouse)

[0260] Summary. The present study was performed to
provide a molecular characterization of the postpartum cells
derived from umbilical cord and placenta. This analysis
included cells derived from three different umbilical cords
and three different placentas. The study also included two
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different lines of dermal fibroblasts, three lines of mesen-
chymal stem cells, and three lines of ileac crest bone marrow
cells. The mRNA that was expressed by these cells was
analyzed on a GENECHIP oligonucleotide array that con-
tained oligonucleotide probes for 22,000 genes.

[0261] The analysis revealed that transcripts for 290 genes
were present in different amounts in these five different cell
types. These genes include ten genes that are specifically
increased in the placenta-derived cells and seven genes
specifically increased in the umbilical cord-derived cells.
Fifty-four genes were found to have specifically lower
expression levels in placenta and umbilical cord.

[0262] The expression of selected genes has been con-
firmed by PCR, as shown in Example 7. Postpartum-derived
cells generally, and umbilical derived cells, in particular,
have distinct gene expression profiles, for example, as
compared to other human cells, such as the bone marrow-
derived cells and fibroblasts tested here.

EXAMPLE 7

Cell Markers in Umbilicus-Derived Cells

[0263] Gene expression profiles of cells derived from the
human umbilical cord were compared with those of cells
derived from other sources using an Affymetrix GENECHIP.
Six “signature” genes were identified: oxidized LDL recep-
tor 1, interleukin-8 (IL-8), renin, reticulon, chemokine
receptor ligand 3 (CXC ligand 3), and granulocyte chemo-
tactic protein 2 (GCP-2). These “signature” genes were
expressed at relatively high levels in umbilicus-derived
cells.

[0264] The procedures described in this example were
conducted to verify the microarray data and compare data
for gene and protein expression, as well as to establish a
series of reliable assays for detection of unique identifiers
for umbilicus-derived cells.

Methods & Materials

[0265] Cells. Umbilicus-derived cells (four isolates), and
Normal Human Dermal Fibroblasts (NHDF; neonatal and
adult) were grown in Growth Medium in gelatin-coated T75
flasks. Mesenchymal Stem Cells (MSCs) were grown in
Mesenchymal Stem Cell Growth Medium Bullet kit
(MSCGM; Cambrex, Walkerville, Md.).

[0266] For IL-8 experiments, cells were thawed from
liquid nitrogen and plated in gelatin-coated flasks at 5,000
cells/cm?, grown for 48 hours in Growth Medium and then
grown further for 8 hours in 10 milliliters of serum starva-
tion medium [DMEM-low glucose (Gibco, Carlsbad,
Calif.), penicillin (50 Units/milliliter), streptomycin (50
micrograms/milliliter)(Gibco) and 0.1% (w/v) Bovine
Serum Albumin (BSA; Sigma, St. Louis, Mo.)]. RNA was
then extracted and the supernatants were centrifuged at
150xg fo