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POSTPARTUM-DERIVED CELLS FOR USE IN TREATMENT OF DISEASE OF THE
HEART AND CIRCULATORY SYSTEM

CROSS-REFERENCE TO RELATED APPLICATIONS

This claims benefit of U.S. Provisional Application Serial No. 60/483,264, filed June 27,
2003, the entire contents of which are incorporated by reference herein. Other related
appliCations include the following commonly-owned, co-pending applications, the entire
contents of each of which are incorporated by reference heren: U.S. Application No. [ETH-
5073 NP1], filed June 25, 2004; U.S. Application No. [ETH-5073 NP2], filed June 25, 2004;
U.S. Application No. [ETH-5073 NP3], filed June 25, 2004; U.S. Application No. [ETH-5073
NP4, filed June 25, 2004; U.S. Application No. [ETH-5073 NP5], filed June 25, 2004; U.S.

Application No. [ETH-5073 NP8}, filed June 25, 2004; and U.S. Provisional Application No.
60/555,908, filed March 24, 2004.

FIELD OF THE INVENTION
The invention relates to postpartum-derived cells that have the potential to divide, and to

differentiate along mesenchymal lineage, towards cardiomyogenic, angiogenic and vasculogenic
phenotypes. The invention also relates to methods for the use of such postpartum-derived cells

in therapeutic treatment of diseases of the heart and circulatory system.

BACKGROUND OF THE INVENTION
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It 1s generally recognized that the cells which comprise the heart muscle in mammals are
post-mitotic. This leads to difficulties in injured or diseased heart muscles, which are largely
unable to repair damaged cells that become necrotic. After such damage, the efficiency and
output of the heart muscle are decreased, placing additional stress on the heart, leading to further
damage and necrosis, and ultimately to heart failure.

The downward spiral from healthy heart to failing heart can result from a number of
conditions including physical injury, heart disease, including congenital heart disease, and
infections of the heart or circulatory tissue. Diseases of the heart and circulatory system are
often ultimately fatal, particularly conditions which result in heart failure, for example
cardiomyopathies. At present there is no cure for most such conditions and many patients
require, for example, ventricular assist devices and eventually heart transplants.

~ Presently, there 1s interest in using either stem cells, which can divide and differentiate,
or muscles cells from other sources, including smooth and skeletal muscles cells, to assist the
heart to repair or reverse tissue damage, restore function, or to at least halt the damage cycle
leading to further loss of healthy heart tissue. In addition many circulatory diseases and injuries
involve chronic or acute damage to, or necrosis of; circulatory tissues, and the cells of which
such tissues are comprised. Cell-based and cell-derived therapies are of interest for these
conditions.

There 1s thus a need 1n the art for cell-based, or cell-derived therapies which can aid in
healing damaged heart or circulatory tissues, or which can result in the repair or replacement of

such damage 1n a patient.

SUMMARY OF THE INVENTION

The mvention, in one of its aspects is generally directed to isolated postpartum-derived
cells which are derived from postpartum tissue which is substantially free of blood and which is
capable of self-renewal and expansion in culture and having the potential to differentiate along
mesenchymal lineage, towards cardiomyogenic, angiogenic and vasculogenic phenotypes, and
further towards cells such as cardiomyocytes, endothelial cells, myocardial cells, epicardial cells,
vascular endothelial cells, smooth muscle cells (e.g. vascular smooth muscle cells), as well as
cells of the excitatory and conductive systems, and progenitors or more primitive relatives of the
foregoing. The invention, in other aspects, is directed to populations of cells comprising such
cells, and therapeutic cell compositions, as well as methods of using the populations of cells for

therapeutic treatment of cardiac or circulatory damage or disease
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In a first aspect, the invention provides isolated postpartum-derived cells comprising L-
valine-requiring cells derived from 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. The cells are capable of
growth 1n atmospheres contaming oxygen from about 5% to at least about 20% and comprise at
least one of the following characteristics:

the potential for at least about 40 doublings in culture;

attachment and expansion on a coated or uncoated tissue culture vessel, wherein a coated
tissue culture vessel comprises a coating of gelatin, laminin, collagen, polyornithine, vitronectin,
or fibronectin;

production of at least one of tissue factor, vimentin, and alpha-smooth muscle actin;

production of at least one of CD10, CD13, CD44, CD73, CD90, PDGFr-alpha, PD-1.2
and HLA-A,B,C;

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;

expression of at least one of interleukin §; 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;

expression of at least one of C-type (calcium dependent, carbohydrate-recognition
domain) lectin, superfamily member 2 (activation-induced); Wilms tumor 1; aldehyde
dehydrogenase 1 family, member A2; and renin; oxidized low density lipoprotein (lectin-like)
receptor 1; Homo sapiens, clone IMAGE:4179671, mRNA, partial cds; protein kinase C, zeta;
hypothetical protein DKEZp564F013; downregulated 1n ovarian cancer 1; Homo sapiens mRNA;
cDNA DKFZp547K1113 (from clone DKFZp547K1113);

expression, which relative to a human cell that is a fibroblast, a mesenchymal stem cell,
or an 1leac crest bone marrow cell, 1s reduced for at least one of: short stature homeobox 2; heat
shock 27kDa 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
DKFEFZp586M2022 (from clone DKEZpS586M2022); 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 protein); src homology three (SH3) and cysteine

rich domain; B-cell translocation gene 1, anti-proliferative; cholesterol 25-hydroxylase; runt-

~ 3.



CA 02530422 2005-12-21
WO 2005/001080 PCT/US2004/020957

related transcription factor 3; hypothetical 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 F1.J12280
fis, clone MAMMA1001744; cytokine receptor-like factor 1; potassium intermediate/small
conductance calcium-activated channel, subfamily N, member 4; integrin, alpha 7;
DKEFZP586L151 protein; transcriptional co-activator with PDZ-binding motif (TAZ); sine oculis
homeobox homolog 2 (Drosophila); KIAA1034 protein; early growth response 3; distal-less
homeobox 5; hypothetical protein FLJ20373; aldo-keto reductase family 1, member C3 (3-alpha
hydroxysteroid 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 (atrionatriuretic peptide receptor C); hypothetical protein FLLJ14054; Homo sapiens
mMRNA; cDNA DKFZp564B222 (from clone DKFZp564B222); vesicle-associated membrane
protein 5 (myobrevin); EGF-containing fibulin-like extracellular matrix protein 1;
BCL2/adenovirus E1B 19kDa interacting proteinS-like; AE binding protein 1; cytochrome c
oxidase subunit VIIa polypeptide 1 (muscle); neuroblastoma, suppression of tumorigenicity 1;
insulin-like growth factor binding protein 2, 36kDa;

secretion of at least one of MCP-1, IL-6, IL-8, GCP-2, HGF, KGF, FGF, HB-EGF,
BDNF, TPO, MIP1a, RANTES, and TIMP1; and

lack of secretion of at least one of TGF-beta2, ANG2, PDGFbb, MIP1b, 1309, MDC, and
VEGEF, as detected by ELISA.

In certain embodiments, the postpartum-derived cell 1s an umbilicus-derived cell. In
other embodiments 1t 1s a placenta-derived cell. In specific embodiments, the cell has all
1dentifying features of any one of: cell type PLA 071003 (P8) (ATCC Accession No. PTA-
6074); cell type PLA 071003 (P11) (ATCC Accession No. PTA-6075); cell type PLA 071003
(P16) (ATCC Accession No. PTA-6079); cell type UMB 022803 (P7) (ATCC Accession No.
PTA-6067); or cell type UMB 022803 (P17) (ATCC Accession No. PTA-6068).

The postpartum-derived cells are preferabiy isolated 1n the presence of one or more
enzyme activities such as metalloprotease activity, neutral protease activity and mucolytic
enzyme activity. The cells preferably comprise a normal karyotype,‘which 1s maintained as the

cells are passaged.
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Preferred cells produce each of CD10, CD13, CD44, CD73, CD90, PDGFr-alpha, and
HILLA-A,B,C, and do not produce any of CD31, CD34, CD45, CD117, CD141, or HLA-
DR,DP,DQ, as detected by tlow cytometry.

In another of 1ts several aspects, the invention provides populations of cells comprising
the cells described above. In certain embodiments the populations are incubated in the presence
of one or more factors which stimulate stem cell differentiation along a cardiogenic pathway or
lineage. In other embodiments, cells are incubatedin the presence of compounds which tend to
stimulate differentiation along angiogenic, hemangiogenic, and vasculogenic pathways, or
towards more committed cells such as cardiomyocytes, endothelial cells, myocardial cells,
epicardial cells, vascular endothelial cells, smooth muscle cells (e.g. vascular smooth muscle
cells), as well as cells of the excitatory and conductive systems, and progenitors of any of the
foregoing, for example, myoblasts, cardiomyoblasts, hemangioblasts, angioblasts and the like or
their progenitors. The populations can be provided therapeutically to a patient, for example with
heart or circulatory disease, such as a cardiomyopathy, or with a cardiac 1njury, such as from
myocardial imfarction, or with any damage or disease of the heart or circulatory system. In
presently preferred embodiments, the population comprises about 50% postpartum-derived cells,
while in other preferred embodiments the population 1s a substantially homogeneous population
of postpartum-derived cells.

The invention provides 1n another of its aspects therapeutic cell compositions comprising
a pharmaceutically-acceptable carrier and postpartum-derived cells derived from human
postpartum tissue substantially free of blood. The cells are capable of selt-renewal and
expansion in culture and have the potential to differentiate imto cells of other phenotypes; for
example smooth or skeletal muscles phenotypes. In preferred embodiments, cells can
differentiate along pathways leading to phenotypes of cardiomyocytes, cells of the endothelium,
myocardium, epicardium, vascular endothelium, as well as smooth muscle cells (e.g. vascular
smooth muscle cells), and cells of the excitatory and conductive systems (e.g. Purkinje cells),
and progenitors of the foregoing.. The cells are capable of growth in an atmosphere containing
oxygen from about 5% to at least about 20%. The cells also require L-valine for growth; have
the potential for at least about 40 doublings in culture; attach and expand on a coated or uncoated
tissue culture vessel, wherein a coated tissue culture vessel 1s coated with gelatin, laminin, or
fibronectin; produce tissue factor, vimentin, and alpha-smooth muscle actin; produce each of
CD10, CD13, CD44, CD73, CD90, PDGFr-alpha, and HLA-A,B,C; and do not produce any of
CD31, CD34, CD45, CD117, CD141, or HLA-DR,DP,DQ, as detected by flow cytometry.
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The therapeutic cell compositions provided can be provided therapeutically in a patient
with a cardiomyopathy, or other heart disease, or a cardiac injury, or any disease of the
circulatory system which, for example, involves cell injury or tissue/cell necrosis. In certain
embodiments, the therapeutic cell compositions comprise cells induced to differentiate along a
cardiogenic, angiogenic, hemangiogenic, or vasculogenic pathway or lineage. The therapeutic
cell compositions can comprise cells or cellular products that stimulate adult stem cells naturally
present in the heart, blood, blood vessels or the like to divide, or differentiate, or both.
Preferably the therapeutic cell compositions can at least survive, grow, stimulate in growth,
stimulate angiogenesis or vasculogenesis, but 1 certain cases even nonviable cells such as
senescent cells will be therapeutic,u and 1n some embodiments, even dead cells, or fractions
thereof will provide therapeutic improvements for a patient.

The therapeutic cell compositions are provided, for example, by injection. In certain
preferred embodiments, the therapeutic cell compositions are provided by intracardiac injection.
In other embodiments, they are placed adjacent ot an inner or outer aspect of the cardiac muscles
directly, or on a matrix as a cell-matrix complex. The therapeutic cell compositions provided in
the form of a matrix-cell complex comprise matrices including, for example, biocompatible
scaffolds, lattices, self-assembling structures and the like, whether bioabsorbable or not, liquid or
solid. Many such matrices are known to those of skill in the arts of tissue engineering, wound
healing, and the like. Thereapeutic compositions can also comprise additional biological
compounds or pharamaceuticals that may improve the therapeutic value to the patient, and the
compositions can also comprise one or more additional cells or cell types.

The therapeutic cell compositions, in certain embodiments also comprise cells that:

express at least one of interleukin §; 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;

express at least one of C-type (calcium dependent, carbohydrate-recognition domain)
lectin, superfamily member 2 (activation-induced); Wilms tumor 1; aldehyde dehydrogenase 1
family, member A2; and renin; oxidized low density lipoprotein (lectin-like) receptor 1; Homo
sapiens, clone IMAGE:4179671, mRNA, partial cds; protein kinase C, zeta; hypothetigal protein
DKFZp564F013; downregulated i ovarian cancer 1; Homo sapiens mRNA; and cDNA
DKFZp547K1113 (from clone DKFZp547K1113);

have reduced expression, relative to a human cell that is a fibroblast, a mesenchymal stem

cell, or an 1leac crest bone marrow cell, for at least one of: short stature homeobox 2; heat shock
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27kDa 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-
specitic homeobox); sine oculis homeobox homolog 1 (Drosophila); crystallin, alpha B;
dishevelled associated activator of morphogenesis 2; DKFZP586B2420 protein; similar to
neuralm 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 transcription factor 3; hypothetical protein FLJ23191; interleukin 11 receptor, alpha;
procollagen C-endopeptidase enhancer; frizzled homolog 7 (Drosophila); hypothetical gene
BCO008967; collagen, type VIII, alpha 1; tenascin C (hexabrachion); iroquois homeobox protein
5; hephaestin; integrin, beta 8; synaptic vesicle glycoprotein 2; Homo sapiens cDNA F1LJ12280
fis, clone MAMMA1001744; cytokine receptor-like factor 1; potassium intermediate/small
conductance calcium-activated channel, subfamily N, member 4; integrin, alpha 7;
DKFZP586L151 protein; transcriptional co-activator with PDZ-binding motif (TAZ); sine oculis
homeobox homolog 2 (Drosophila);, KIAA1034 protein; early growth response 3; distal-less |
homeobox 5; hypothetical protein FL.J20373; aldo-keto reductase family 1, member C3 (3-alpha
hydroxysteroid 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 (atrionatriuretic peptide receptor C); hypothetical protein FLLJ14054; 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 19kDa interacting protein 3-like; AE binding protein 1; cytochrome ¢
oxidase subunit VIIa polypeptide 1 (muscle) ;'neuroblastoma, suppression of tumorigenicity 1;
insulin-like growth factor binding protein 2, 36kDa;

secrete at least one of MCP-1, IL-6, IL-8, GCP-2, HGF, KGF, FGF, HB-EGF, BDNF,
TPO, MIP1a, RANTES, and TIMP1: and

do not secrete at least one of TGF-beta2, ANG2, PDGFbb, MIP1b, 1309, MDC, and

VEGEF, as detected by ELISA.

In yet another of its aspects, the invention provides methods for treating a patient with a
disease or imnjury of the heart or circulatory system comprising administering a therapeutic
postpartum-derived cell composition to a patient with a disease or injury of the heart or

circulatory system; and evaluating the patient for improvements, for example in cardiac function.
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In certain preferred embodiments the disease 1s a cardiomyopathy, either 1diopathic or with a
known cause, and either 1schemic or nonischemic in nature.

Measurement of improvement include any means known in the art, but preferred
improvements include improvements in hemodynamic measurements including but not limited to
chest cardiac output (CO), cardiac index (CI), pulmonary artery wedge pressures (PAWP), and
cardiac index (CI), % fractional shortening (%FS), ejection fraction (EF), left ventricular ejection
fraction (LVEF); left ventricular end diastolic diameter (LVEDD), left ventricular end systolic
diameter (LVESD), contractility (e.g. dP/dt), pressure-volume loops, measurements of cardiac
work, as well as an increase 1n atrial or ventricular functioning; an increase in pumping
efficiency, a decrease 1n the rate of loss of pumping efficiency, a decrease in loss of
hemodynamic functioning; and a decrease in complications associated with cardiomyopathy.

In some presently preferred embodiments, the method comprises inducing the therapeutic
postpartum-derived cells to differentiate along a cardiogenic, anglogenic, hemangiogenic, or
vasculogenic pathway or or a towards cells or progenitors of cells such as cardiomyocytes,
endothelial cells, myocardial cells, epicardial cells, vascular endothelial cells, smooth muscle
cells (e.g. vascular smooth muscle cells), as well as cells of the excitatory and conductive
systems. Cells which differentiate towards myoblasts,cardiomyoblasts, angioblasts,
hemangioblasts, and the like are contemplated for use herein.

The administering 1s preferably in vivo by transplanting, grafting, implanting, injecting,
fusing, delivering via catheter, or providing as a matrix-cell complex, or any other means known
in the art for providing cell therapy. For many applications, the cells can simply be 1njected, for
example intravenously, and the cells will locate or home 1n accordance with their commitment in
the direction of a phenotype associated with a particular tissue. For example, cells differentiated
in a cardiomyogenic lineage may home in on the cardiac muscle when injected intravenously
anywhere 1n the body. :

The invention also provides in another aspect, methods for treating a patient with a
disease or injury of the heart or circulatory system comprising administering a therapeutic
postpartum-derived cell composition to a patient with a disease or injury of the heart or
circulatory system; and evaluating the patient for improvements in cardiac function, wherein the
administering is with a population of another cell type. Administration of cocultures, mixed
populations or other nonclonal populations are sometimes preferred. Other cell types which can
be coadministered are stem cells in certain embodiments, while in others myoblasts, myocytes,
cardiomyoblasts, cardiomyocytes, angioblasts, hemangioblasts or a progenitors of myoblasts,

myocytes, cardiomyoblasts, angioblasts, hemangioblasts, or cardiomyocytes are used. Other
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anglogenic, hemanglogenic, and vasculogenic cells, or more commited cells from such lineages
are also suitable for coadministration.

Also provided herein are methods for treating a patient with a disease or injury of the
heart or circulatory system comprising administering a therapeutic postpartum-derived cell
composition to a patient with a disease or injury of the heart or circulatory system; and
evaluating the patient for improvements in the diseased or injured state, wherein the therapeutic
cell compostion 1s administered as a matrix-cell complex. In certain embodiments, the matrix is
a scaffold, preferably bioabsorbable, comprising in addition to the matrix proper, at least the
postpartum-derived cells.

Co-cultures comprising the cells or cultures of the invention with other mammalian cells
are also provided herein. Preferably these co-cultures comprise another mammalian cell line
whose growth or therapeutic potential, for example, 1s improved by the presence of the
umbilicus-derived cells. Human cell lines are particular preferred. Such co-cultures are useful
for therapeutic application in vitro or in vivo.

Also provided herein are therapeutic compositions comprising a postpartum-derived cell
and another therapeutic agent, factor, or bioactive agent, such as a pharmaceutical compound.
Such bioactive agents mclude, but are not limited to, IGF, LIF, PDGF, EGF, FGF, as well as
antithrombogenic, antiapoptotic agents, anti-inflammatory agents, immunosuppressive or
immunomodulatory agents, and antioxidants. Such therapeutic compositions can further
comprise one or more additional cell types 1n addition to the PPDCs and the bioactive
component.

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 dertved from the cells, for example, fractions comprising basement
membranes are also useful and are provided herein.

Compositons of the invention also include conditioned 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 1n need of growth factors or trophic factors secreted into the media by the cells
and cultures of the invention, and promoting, for example, angiogenesis.

Kits are also provided herein. Various preferred kits are those providing the required
components for practicing the several aspects of the inventions, for example kits for growth and

maintenance of the cells, kits for 1solation of the cells, kits for coculturing the cells, kits for
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utilizing the cells and culture in vitro and kats for utilizing the cells and cultures in vivo are all
provided heremn. Kits are also provided for the preparation of cell fractions derived from the

cells mcluding for example, cell lysates, soluble and membrane-enriched fractions, and

extracellular fractions.

These and other aspects of the invention are described in more detail below.

DETAILED DESCRIPTION

Definitions

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

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 progenitors, non-
renewing progenitors, and terminally differentiated cells. Stem cells are also characterized by
their ability to differentiate in vitro mto functional cells of various cell lineages from multiple
germ layers (endoderm, mesoderm and ectoderm), as well as to give rise to tissues of multiple
gefm layers following transplantation, and to contribute substantially to most, 1f not all, tissues
following injection 1mto blastocysts.

Stem cells are classified according to their developmental potential as: (1) totipotent; (2)
pluripotent; (3) multipotent; (4) oligopotent; and (5) unipotent. Totipotent cells are able to give
rise to all embryonic and extraembryonic 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 progeny 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).

Stem cells are also categorized on the basis of the source from which they may be
obtained. An adult stem cell 1s generally a multipotent undifferentiated cell found 1n tissue
comprising multiple differentiated cell types. The adult stem cell can renew itself. Under
normal circumstances, 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 1s a pluripotent
cell from the inner cell mass of a blastocyst-stage embryo. A fefal stem cell is one that originates

from fetal tissues or membranes. A postpartum stem cell 1s a multipotent or pluripotent cell that
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originates substantially from extraembryonic 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).

Embryonic tissue 1s typically defined as tissue originating from the embryo (vwhich 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
membranes (chorion, amnion, yolk sac and allantois), umbilical cord and placenta (which itself
forms from the chorion and the maternal decidua basalis).

Differentiation 1s the process by which an unspecialized (“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 1s one that has taken on a more specialized (“commmitted”)
position within the lineage of a cell. The term committed, when applied to the process of
differentiation, refers to a cell that has proceeded 1n the differentiation pathway to a point where,
under normal circumstances, 1t 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 ditferentiated cell type. De-differentiation refers to the process by whiich a cell
reverts to a less specialized (or committed) position within the lineage of a cell. As uased herein,
the /ineage of a cell defines the heredity of the cell, 1.e. which cells it came from and what cells it
can give rise to. The lineage of a cell places the cell within a hereditary scheme of development
and differentiation.

In a broad sense, a progenitor cell 1s a cell that has the capacity to create progeny that are
more differentiated than 1tself, 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 iImmediate
precursors to terminally differentiated cells. When referring to the cells of the presenat invention,
as described 1n greater detail below, this broad definition of progenitor cell may be used. In a
narrower sense, a progenitor cell 1s often defined as a cell that is intermediate 1n the
differentiation pathway, 1.e., it arises from a stem cell and 1s intermediate in the production of a

mature cell type or subset of cell types. This type of progenitor cell 1s generally not able to self-
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renew. Accordingly, if this type of cell 1s referred to herein, it will be referred to as a non-
renewing progenitor cell or as an intermediate progenitor or precursor cell.

As used herein, the phrase differentiates into a mesodermal, ectodermal or endodermal
[ineage refers to a cell that becomes commutted to a specific mesoderimal, 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, hematopoietic, hemangiogenic, myogenic,
nephrogenic, urogenitogenic, osteogenic, pericardiogenic, or stromal. Examples of cells that
differentiate into ectodermal lineage mclude, but are not limited to epidermal cells, neurogenic
cells, and neurogliagenic cells. Examples of cells that differentiate into endodermal lineage
iclude, but are not Iimited 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.

The cells of the present invention are generally referred to as zembilicus-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 1n the broad sense. The texm derived 1s used to
indicate that the cells have been obtained from their biologic;al source and grown or otherwise
manipulated in vitro (e.g., cultured in a Growth Medium to expand th.e 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 1m detail below.

Various terms are used to describe cells 1n culture. Cell cultuze refers generally to cells
taken from a living organism and grown under controlled condition (““in culture” or “cultured”).
A primary cell culture 1s a culture of cells, tissues, or organs taken dixrectly from an organism(s)
before the first subculture. Cells are expanded in culture when they are placed in a Growth
Medium under conditions that facilitate cell growth and/or division, resulting in a larger
population of the cells. When cells are expanded 1n culture, the rate of cell proliferation is
sometimes measured by the amount of time needed for the cells to double 1 number. This is
referred to as doubling time.

A cell line 1s a population of cells formed by one or more subcultivations of a primary
cell culture. Each round of subculturing 1s 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, 1s
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, 1.e., the first culture following the isolation of cells from tissue, is
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designated PO. Following 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 doublirags of a
culture 1s 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, including
but not limited to the seeding density, substrate, medium, growth conditions, and tim.e between
passaging.

A conditioned medium 1s a medium 1n 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 imclude, but
are not limited to hormones, cytokines, extracellular matrix (ECM), proteins, vesicles,
antibodies, and granules. The medium containing the cellular factors 1s the conditioned medium.

Generally, a trophic factor 1s defined as a substance that promotes survival, growth,
proliferation and /or maturation of a cell, or stimulates increased activity of a cell.

When referring to cultured vertebrate cells, the term senescence (also replicazive
senescence or cellular senescence) refers to a property attributable to finite cell cultures; namely,
their 1nability to grow beyond a finite number of populétion 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 1n 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 1s the number of doublings 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 1s 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 equivalent cells grown
continuously. Similarly, when cells are frozen 1n liquid nitrogen after various numbers of
population doublings and then thawed and cultured, they undergo substantially the same number
of doublings as cells maintained unirozen 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 nondividing 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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As used 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 in comprises Dulbecco’s Modified Essential Media (also
abbreviated DMFEM herein). Particularly preferred 1s DMEM-low glucose (also DMEM-LG
herein) (Invitrogen, Carlsbad, CA). The DMEM-low glucose 1s preferably supplemented with
serum, most preferably fetal bovine serum or human serum. Typically, 15% (v/v) fetal bovine
serum (e.g. defined fetal bovine serum, Hyclone, Logan UT) 1s added, along with
antibiotics/antimycotics ((preferably 100 Umt/malliliter penicillin, 100 milligrams/milliliter
streptomycin, and 0.25 microgram/milliliter amphotericin B; Invitrogen, Carlsbad, CA)), 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 indicated in the text
as supplementations to Growth Medium. In certain chemically-defined media the cells may be
orown without serum present at all. In such cases, the cells may require certain growth factors,
which can be added to the medium to support and sustain the cells. Presently preferred factors to
be added for growth on serum-free media include one or more of bFGFE, EGF, IGF-I, 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 1s added to serum-free medium to support
or improve growth of the cells.

Also relating to the present invention, the term standard growth conditions, as used herein
refers to culturing of cells at 37°C, in a standard atmosphere comprising 5% CO,,. Relative
humidity is maintained at about 100%. While the foregoing conditions are useful for culturing, it
1s 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.

The following abbreviations are used herein:

ANG?2 (or Ang?2) for angiopoietin 2;

APC for antigen-presenting cells;

BDNEF for brain-derived neurotrophic factor;

bFGF for basic fibroblast growth factor;

bid (BID) for “bis 1n die” (twice per day);

BSP for bone si1aloprotein;

C:D for collagenase and dispase treatment

C.:D:H for collagenase, dispase, and hyaluronidase treatment

CK18 for cytokeratin 18;

CXC ligand 3 for chemokine receptor ligand 3;
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DAPI for 4' - 6-Diamidino-2-phenylindole-2HCl
DMEM for Dulbecco’s Minimal Essential Medium;
DMEM:Ilg (or DMEM:Lg, DMEM:LG) for DMEM with low glucose;
EDTA for ethylene diamine tetraacetic acid;

EGF for epidermal growth factor;

FACS for tluorescent activated cell sorting;

FBS for tetal bovine serum;

GCP-2 for granulocyte chemotactic protein 2;

GCP-2 for granulocyte chemotactic protein-2;

GFAP for ghal fibrillary acidic protein;

HB-EGF for heparin-binding epidermal growth factor;
HCAEC for Human coronary artery endothelial cells;
HGF for hepatocyte growth factor;

hMSC for Human mesenchymal stem cells;

HNF-1alpha for hepatocyte-specific transcription factor;
HUVEC for Human umbilical vein endothelial cells;

1309 for a chemokine and the ligand for the CCRS8 receptor, responsible for
chemoattraction of TH2 type T-cells. 1309 binds to endothelial cells, stimulates chemotaxis and
invasion of these cells, and enhances HUVEC differentiation into capillary-like structures in an
in vitro Matrigel assay. Furthermore, 1309 1s an inducer of angiogenesis iz vivo in both the
rabbit cornea and the chick chorioallantoic membrane assay (CAM).

IL-6 for interleukin-6;

IL-8 for interleukin-8;

K19 for keratin 19;

K& for keratin 8;

KGF for keratinocyte growth factor;

MCP-1 for monocyte chemotactic protein 1;

MDC for macrophage-derived chemokine;

MIPIalpha for macrophage inflammatory protein 1alpha;

MIP1beta for macrophage inflammatory protein 1beta;

MSC for mesenchymal stem cells;

NDRI for National Disease Research Interchange in Philadelphia, PA

NHDF for Normal Human Dermal Fibroblasts;

NPE for Neural Progenitor Expansion media;
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PBMC for Peripheral blood mononuclear cell;

PBS for phosphate buffered saline;

PDGFbb for platelet derived growth factor;

PDGFr/alpha for platelet derived growth factor receptor alpha;
PD-L2 for programmed - death ligand 2;

PO (or po) for “per os” (by mouth);

PPDC for postpartum-derived cell;

Rantes (or RANTES) for regulated on activation, normal T cell expressed and secreted;
rhGDF-5 for recombinant human growth and differentiation factor 5;
SC for subcutaneously;

SDF-1alpha for stromal-derived factor lalpha;

SHH for sonic hedgehog;

SOP for standard operating procedure;

TARC for thymus and activation-regulated chemokine;

T'CP for Tissue culture plastic;

TGFbeta?2 for transforming growth factor beta2;

TGFbeta-3 for transforming growth factor beta-3;

TIMP]I for tissue inhibitor of matrix metalloproteinase 1;

TPO for thrombopoietin;

TuJ1 for BIII Tubulin;

UDC for umbilicus-derived cell;

VEGF for vascular endothelial growth factor;

vWF for von Willebrand factor;
alphaFP for alpha-fetoprotein;

Description

Various articles and references are cited herein and throughout, each of which is hereby
incorporated in its entirety by such reference.

As summarized above, the invention, in one of its aspects is generally directed to 1solated
postpartum-derived cells which are derived from postpartum tissue which 1s substamntially free of
blood and which are capable of self-renewal and expansion in culture and having thxe potential to
differentiate along mesenchymal lineage, towards cardiomyogenic, angiogenic and vasculogenic
phenotypes, and further towards cells such as cardiomyocytes, endothelial cells, my ocardial

cells, epicardial cells, vascular endothelial cells, smooth muscle cells (e.g. vascular smooth
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muscle cells), as well as cells of the excitatory and conductive systems, and progenitors of the
foregoing.. Other aspects provide populations comprising such cell s, therapeutic cell
compositions, and methods of using the therapeutic cell compositioms for treatment of patients
with mjury or disease of the heart or circulatory system. The postpartum-derived cells have been
characterized by their growth properties i culture, by their cell surface markers, by their gene
expression, by their ability to produce certain biochemical trophic factors, and by their
immunological properties.

In a first aspect, the invention provides 1solated postpartum-derived cells comprising L-
valine-requiring cells derived from mammalian postpartum tissue substantially free of blood.

The cells are capable of self-renewal and expansion in culture and have the potential to
differentiate into cells of other phenotypes; for example cardiomyocytes, or their progenitors.
Cells may be 1solated from postpartum tissue, for example umbilicuas or placenta, of any mammal
of interest by the techniques provided herein. Human cells are pres ently preferred. The cells can
be grown under a wide range of condifions, 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. maintained frozen, or banked
at temperatures preferably below -80°C for long periods. Temperature below -90°C are also
preferred and can be attained by specialized electric freezers. Temperature of -180°C and below
are also preferred and can be attained in liquid- or vapor-phase nitrogen. Tissues can also be
banked prior to the isolation of the cells. Preferably such tissues are banked within a few hours
or less after the completion of the pregnancy.

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 1n 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,
polylysine, vitronectin, or fibronectin. While the cells are preferably adherent and 1solated as
such, the cells have been grown in a spherical form 1n some embodiments.

Many populations of cells are present in postpartum tissue, but the cells of the invention
preferably produce of at least one of tissue factor, vimentin, and alpha-smooth muscle actin;

more preferred are cells which produce each of tissue factor, vimentin, and alpha-smooth muscle

actin; production of at least one of CD10, CD13, CD44, CD73, CID90, PDGFr-alpha, PD-L2 and
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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, CD&0, CD86, CD117, CD141, CD178, B7-H2, HLA-QG, 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 1nterleukin 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. The cells, 1n other
embodiments, preferably also express one or more of C-type (calcium dependent, carbohydrate-
recognition domain) lectin, superfamily member 2 (activation-induced); Wilms tumor 1;
aldehyde dehydrogenase 1 family, member A2; and renin; oxidized low density lipoprotein
(lectin-like) receptor 1; Homo sapiens, clone IMAGE:4179671, mRINA, partial cds; protein
kinase C, zeta; hypothetical protein DKFZp564F013; downregulated in ovarian cancer 1; Homo
sapiens mRNA; and cDNA DKFZp3547K1113 (from clone DKFZp547K1113). Preferred cells
also have expression, which relative to a human cell that 1s a fibroblast, a mesenchymal stem
cell, or an ileac crest bone marrow cell, 1s reduced for at least one of: short stature homeobox 2;
heat shock 27kDa protein 2; chemokine (C-X-C motif) ligand 12 (stromal cell-derived factor 1);
elastin (supravalvular aortic stenosis, Williams-Beuren syndrome); Homo sapiens mRINA; 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 protein); src homology three (SH3) and cysteine
rich domain; B-cell translocation gene 1, anti-proliferative; cholesterol 25-hydroxylase; runt-
related transcription factor 3; hypothetical protein FLJ23191; mterleukin 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 FLIJ12280
fis, clone MAMMA1001744; cytokine receptor-like factor 1; potassium interamediate/small
conductance calcium-activated channel, subfamily N, member 4; integrin, alpha 7;
DKEZP586L151 protein; transcriptional co-activator with PDZ-binding motif (TAZ); sine oculis
homeobox homolog 2 (Drosophila); KIAA1034 protein; early growth response 3; distal-less
homeobox 5; hypothetical protein FLJ20373; aldo-keto reductase family 1, member C3 (3-alpha
hydroxysteroid dehydrogenase, type II); biglycan; fibronectin 1; proenkephalin; integrin, beta-
like 1 (with EGF-like repeat domains); Homo sapiens mRNA full length imnsext cDNA clone
EUROIMAGE 1968422; EphA3; KIAA0367 protein; natriuretic peptide receptor C/guanylate
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cyclase C (atrionah'ilii‘eﬁc peptide receptor C); hypothetical protein FLJ14054; 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 19kDa interacting protein 3-like; AE binding protein 1; cytochrome ¢
oxidase subunit VIIa polypeptide 1 (muscle); neuroblastoma, suppression of tumorigenicity 1;
and 1msulin-like growth factor binding protein 2, 36kDa. The skilled artisan will appreciate that
the expression of a wide variety of genes 1s conveniently characterized on oligonucleotide arrays,
for example on a Affymetrix GENECHIP.

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, I1L-6, IL-8,
GCP-2, HGF, KGF, FGF, HB-EGE, BDNF, TPO, MIP1la, RANTES, and TIMP1; preferred cells
may alternatively be characterized in their lack of secretion of at least one of TGF-beta2, ANG?2,
PDGFEFbb, MIP1b, 1309, MDC, and VEGF, as detected by ELISA. These and other
characteristics are available to 1dentify and characterize the cells, and distinguish the cells of the
invention from others known in the art.

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 postpartum cells comprising six, seven, or
eight or more of the characteristics. Still more preferred presently are those cells comprising all
nine of the claimed characteristics.

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.

The skilled artisan will appreciate that cell markers are subject to vary somewhat under
vastly different growth conditions, and that generally herein described are characterizations in
Growth Medium, or variations thereof. Postpartum-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.

Similarly, postpartum cells that lack of production of at least one, two, three, four of the
proteins CD31, CD34, CD45, CD80, CD86, CD117, CD141, CD178, B7-H2, HLA-G, and HLA-
DR,DP.DQ, as detected by flow cytometry 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
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cells which lack production 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.

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

Presently, 1t 1s preferred that postpartum-derived cells express at least one, two or three of
interleukin 8; reticulon 1; chemokine (C-X-C motif) ligand 1 (melanoirna 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.

In some embodiments, the cells preferably also express two, three, four or more of C-type
(calctum dependent, carbohydrate-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; Homo sapiens, clone IMAGE:4179671, mRNA,
partial cds; protein kinase C, zeta; hypothetical protein DKFZp564F013; downregulated in
ovarian cancer 1; Homo sapiens mRNA; and cDNA DKFZp547K1113 (from clone
DKFZp547K1113). In other embodiments, 1t 1s preferred that the cells express five, six, seven or
eight of the foregoing. Also preferred are those cells expressing genes corresponding to nine, ten
or even all of the foregoing sequences.

For some embodiments, preferred are cells, which relative to a human cell that1s a
fibroblast, a mesenchymal stem cell, or an 1leac crest bone marrow cell, have reduced expression
for at least one of the genes corresponding to: short stature homeobox 2; heat shock 27kDa
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 protein); src homology three (SH3) and cysteine
rich domain; B-cell translocation gene 1, anti-proliferative; cholesterol 25-hydroxylase; runt-
related transcription factor 3; hypothetical protein FLLJ23191; 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 F1LJ12280
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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; transcriptional co-activator with PDZ-binding motif (TAZ); sine oculis
homeobox homolog 2 (Drosophila); KIAA1034 protein; early growth response 3; distal-less
homeobox 5; hypothetical protein FLJ20373; aldo-keto reductase family 1, member C3 (3-alpha
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
mRINA; cDNA DKFZp564B222 (from clone DKFZp564B222); vesicle-associated membrane
protein 5 (myobrevin); EGF-containing fibulin-like extracellular imatrix protein 1;
BCL2/adenovirus E1B 19kDa interacting protein 3-like; AE bindang protein 1; cytochrome ¢
oxidase subunit VIIa polypeptide 1 (muscle); neuroblastoma, suppression of tumorigenicity 1;
msulin-like growth factor binding protein 2, 36kDa. More preferred are cells that have, relative
to human fibroblasts, mesenchymal stem cells, or 1leac crest bone marrow cells, reduced
expression of at least 5, 10, 15 or20 genes corresponding to those listed above: Presently more
preferred are cell with reduced expression of at least 25, 30, or 35 of the genes corresponding to
the listed sequences. Also more preferred are those postpartum-derived cells having expression
that 1s reduced, relative to that of a human fibroblast, a mesenchymmal stem cell, or an 1leac crest
bone marrow cell, of genes corresponding to 35 or more, 40 or more, or even all of the sequences
listed.

Secretion of certain growth factors and other cellular proteins can make cells of the
invention particularly useful. Preferred postpartum-derived cells secrete at least one, two, three
or four of MCP-1, I1L-6, IL-8, GCP-2, HGF, KGF, FGF, HB-EGE, BDNF, TPO, MIP]a,
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.

While secretion of such factors 1s useful, cells can also be characterized by their lack of
secretion of factors into the medium. Postpartum-derived cells thiat lack secretion of at least one,
two, three or four of TGF-beta2, ANG2, PDGFbb, MIP1b, 1309, MDC, and VEGF, as detected
by ELISA, are presently preferred for use. Cells that are characterized in their lack 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 pretferred.
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The postpartum-dertved cells are preferably isolated in the presence of one or more
enzyme activities. A broad range of digestive enzymes for use 1n cell 1solation from tissue are
known 1n 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). For example, collagenases are known to be useful for isolating various cells from
tissues. Deoxyribonucleases can digest single-stranded DNA and can minimize cell-clumping
during 1solation. Enzymes can be used alone or in combination. Serine protease are preferably
used 1n 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 1s preferably serum-free. EDTA and DNase are commonly used and may
improve 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. Presently preferred are mucolytic enzyme
activities, metalloproteases, neutral proteases, serine proteases (such as- trypsin, chymotrypsin, or
elastase), and deoxyribonucleases. More preferred are enzyme activites selected from
metalloproteases, neutral proteases and mucolytic activities. Presently preferred are cells that are
isolated in the presence of one or more activities of collagenase, hyaluronidase and dispase.
More preferred are those cells 1solated 1n the presence of a collagenase from Clostridium
histolyticum, and either of the protease activities, dispase and thermolysin. Still more preferred
are cells 1solated with collagenase and dispase enzyme activities. Also preferred are such cells
1solated 1n the presence of a hyaluronidase activity, in addition to collagenase and dispase
activity. The skilled artisan will appreciate that many such enzyme treatments are known in the
art for isolating cells from various tissue sources.Also useful for isolation of certain cells of the
imvention are commercial enzyme preparations such as blends of enzymes, for example,
LIBERASE Blendzymes available from Roche Diagnostics. The skilled artisan will appreciate
the methods for optimizing enzyme use during isolation, and information on such optimization
procedures 1s available from the manufacturers of commercial enzymes. Preferred are those
methods which can result in homogenous populations or nearly homogeneous populations of
cells.

The cells also preferably comprise a normal karyotype, which 1s maintained as the cells

are passaged. Karyotyping 1s particularly useful for identifying and distinguishing neonatal from
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maternal cells derived from placenta. Methods for karyotyping are available and known to those
of skill in the art.

Among cells that are presently preferred for use with the invention in several of its
aspects are postpartum cells having the characteristics described above and more particularly
those wherein the cells have normal karyotypes and maintain normal karyotypes with passaging,
and during cryopreservation and subsequent thawing and use, and further wherein the cells
express each of the markers CD10, CD13, CD44, CD73, CD90, PD(GFr-alpha, and HLLA-A,B.C,
wherein the cells produce the immunologically-detectable proteins which correspond to the listed
markers. Still more preferred are those cells which 1in addition to the foregoing do not produce
proteins corresponding to any of the markers CD31, CD34, CD45, CD117, CD141, or HLA-
DR,DP,DQ), as detected by flow cytometry.

Certain prior art cells having the potential to differentiate aloxag lines leading to various
phenotypes are unstable and thus can spontaneously differentiate. Presently preferred for use
with the mvention are cells which do not spontaneously differentiate, for example along
cardiomyogenic, angiogenic, hemangiogenic, or vascualogenic lines. Preferred cells when
grown 1n Growth Medium are substantially stable with respect to the cell markers produced on
their surface, and with respect to the expression pattern of various gemes, for example as
determined using oligonucleotide arrays, such as an Affymetrix GENECHIP. . The ceils remain
substantially constant 1in their biochemical, genetic, and immunological charélcteristics, for
example, their cell surface markers, over passaging, and through multiple population doublings.

In another of its several aspects, the invention provides populations of cells comprising
the cells described above. Cell populations are useful in connection with the methods of the
invention, as well as in connection with making the therapeutic cell compositions and cell lysates
1n larger amounts than 1solated cells can provide.

Preferred populations comprise from about 1% postpartum-derived cells to about 10%
postpartum cells. More preferred populations comprise at least about 10% postpartum-derived
cells. More preferred populations comprise at least about 25% postp artum-derived cells. Also,
some preferred populations comprise about 50% postpartum-derived cells. Such populations
may be useful for coculture or other cultures wherein the cells are equally populous and divide at
the same rate, or where the population is adjusted to about 50% of each culture after expansion
of the cultures in coculture or separately. More preferred for some applications are populations
comprising at least about 65% postpartum-derived cells. Populations that comprising at least
90% postpartum-derived cells are highly preferred for certain aspects of the invention. More
preferred populations comprise substantially only postpartum-derived cells.
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The populations may comprise a clonal cell line of postpartum-derived cells. Such
populations are particularly useful wherein a cell clone with highly desirable functionality is
1solated. Both neotal and maternal clones are useful and are provided herein. Methods of
1solating clonal cell lines from cultured cells are known in the art.

The invention also provides cell lysates, soluble cell fractions and membrane-enriched
cell fractions prepared from the populations of the postpartum cells. Such lysates and fractions
have many utilities. Use of cell lysates, and more particularly soluble cell fractions, in vivo
allows the beneficial intracellular milieu to be used in a patient allogeneic patient without
stimulating allogeneic lymphocytes, or generating other adverse immunological responses, or
triggering rejection. Methods of lysing cells are well-known in the art and innclude various means
of mechanical disruption, enzymatic disruption, or chemical disruption, or combinations thereof.
Such cell lysates may be prepared from cells directly in their Growth Mediurm and thus
containing secreted growth factors and the like, or may be prepared from cells washed free of
medium 1n, for example, PBS or another solution. For making lysates from cells directly in the
growth medium it 1s preferred that cells are grown 1n serum from the species in which the lysates
are to be used, in some embodiments, washed cells may be preferred. Washed cells may be
resuspended at concentrations greater than the original population density if preferred. Cell
lysates prepared from populations of postpartum-derived cells may be used as is, further
concentrated, by for example, ultrafiltration or lyophilization, or even dried, enriched, partially
purified, combined with pharmaceutically-acceptable carriers or diluents as are known in the art,
or combined with other compounds such as biologicals, for example pharmaceutically useful
protein compositions. Cell lysates may be used in vitro or in vivo, alone or, for example, with
syngeneic or autologous live cells. The lysates, 1f introduced in vivo, may be introduced locally

at a site of treatment, or remotely to provide, for example, needed cellular growth factors to a
patient. Preferably, the lysates are not immunogenic, and more preferably theey are
immunologically tolerated in a broad population of syngeneic and allogeneic recipients without
adverse immunological consequences or reaction. Cell lysates of the iﬂvention are useful from
cells at any stage or age which have been grown under conditions for growth. and expansion, for
example on Growth Medium. Even senescent cells are useful for the preparation of lysate and
can provide certain factors which are biologically useful. Nonviable or even dead or killed cells
have utility for preparing lysates, and cellular fractions. Also useful are lysates from cells which
have been exposed to factors which tend to induce them along a mesenchymal pathway,
particularly towards cardiomyogenic, angiogenic, hemangiogenic, and vasculogenic lines. Cell

lysates from differentiated cells, or cells more committed than the PPDCs are also desirable. For
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example, lysates from cells with characteristics of cardiomyoblasts, cardiomyocytes, angioblasts,
hemangioblasts and the like, or their progenitors are also useful and contemplated for use
herewith.

Also provided herein are populations of cells incubated in the presence of one or more
factors which stimulate stem cell differentiation along a cardiogenic, anglogenic, hemangiogenic,
or vasculogenic pathway. Such factors are known 1n the art and the skilled artisan will
appreciate that determination of suitable conditions for differentiation can be accomplished with
routine experimentation. Optimization of such conditions can be accomplished by statistical
expertmental design and analysis, for example, response surface method ology allows
simultaneous optimization of multiple variables, for example biological culture conditions.
Presently preferred factors include, but are not limited to factors, such as growth factors,
chemokines, cytokines, cellular products, demethylating agents, and oth er stimul1 which are now
known or later determined to stimulate differentiation, for example of stem cells, along
cardiogenic, anglogenic, hemangiogenic, or vasculogenic pathways or lineages. Presently
preferred for inducing or stimulating differentiation along a cardiogenic., angiogenic,
hemangiogenic, or vasculogenic pathway are cells incubated 1n the presence of factors
comprising at least one of a demethylation agent, a member of BMP, F(GF, TAK, GATA, Csx,
NK, MEEF2, ET-1, and Wnt factor families, Hedgehog, Csx/Nkx-2.5, and anti-Wnt factors. DNA

methylation 1s known to silence certain genes, preventing their expression, demethylation may
allow expression of such genes, including some required for differentiation. Preferred
demethylation agents include inhibitors of DNA methyltransferases or imhibitors of histone
deacetylase, or mhibitors of a repressor complex.

Presently preferred demethylation agents comprise at least one o f 5-azacytidine, 5-aza-2’-
deoxycytidine, DMSQO, chelerythrine chloride, retinoic acid or salts thereof, 2-amino-4-
(ethylthio)butyric acid, procainamide, and procaine. Inclusion of such factors tend to induce the
cells to differentiate along mesenchymal lines, toward a cardiomyogenic pathway, as determined,
for example, by the expression of at least one of cardiomyosin, skeletal xamyosin, or GATA4; or
by the acquisition of a beating rhythm, spontaneous or otherwise induced; or by the ability to
integrate at least partially into a patient’s cardiac muscle without inducirng arrhythmias.

In preferred embodiments herein, cells induced with one or more factors as 1dentified
above may become cardiomyogenic, angiogenic, hemangiogenic, or vasculogenic cells, or
progenitors or primitive relatives thereof. Preferably at least some of the cells can integrate at
lea§t partially into the patient’s heart or vasculature tree, including but n.ot limited to heart

muscle, vascular and other structures of the heart, blood vessels, and the like. More preferred are
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differentiated cells acquiring two or more of the indicia of cardiomyogenic, cells or their
progenitors, and able to fully integrate into a patient’s heart or vasculature. Still more preferred
are those cells which when placed mto a patient, result in no increase 1n arrhythmias, heart
defects, blood vessel defects or other anamolies related to the patient’s circulatory system or
health. Also preferred are those cells which can stimulate stem cells naturally present in the
patient’s cardiac muscle, blood vessels, blood and the like to themselves differentiate into for
example, cardiomyocytes, or at least along cardiomyogenic, angiogenic, hemangiogenic, or
vasculogenic lines. Equally preferred are PPDCs which can suppoxt the stem cells naturally
present in the patient’s cardiac muscle, blood, blood stream and the like to grow and expand and
be available for later differentiation.

The populations can be provided therapeutically to a patient, for example with a disease
of the heart or circulatory system. Common examples, not intended to limit the invention,
include congestive heart failure due to atherosclerosis, cardiomyop athy, or cardiac injury, such
as from myocardial infarction or wound (acute or chronic). In presently preferred embodiments,
the population comprises about 50% postparmﬁl-derived cells, while 1n other preferred
embodiments the population 1s a substantially homo genebus population of postpartum-derived
cells. In other embodiments the population comprises at least about 1, 10, 20, 25, 30, 33, 40, 60,
66, 70, 75, 80, or 90% postpartum-derived cells.

Co-cultures comprising the cells or cultures of the inventionn with other mammalian cells
are also provided herein. Preferably these co-cultures comprise another mammalian cell line
whose growth or therapeutic potential, for example, 1s improved by the presence of the
umbilicus-derived cells. Human cell lines are particular preferred. Such co-cultures are useful
for therapeutic application in vitro or in vivo.

Also provided herein are therapeutic compositions comprising a postpartum-derived cell
and another therapeutic agent, factor, or bioactive agent, such as a pharmaceutical compound.
Such bioactive agents include, but are not limited to, IGF, LIF, PD GF, EGF, FGF, as well as
antithrombogenic, antiapoptotic agents, anti-inflammatory agents, ammunosuppressive or
immunomodulatory agents, and antioxidants. Such therapeutic compositions can further
comprise one or more additional cell types in addition to the PPDCs and the bioactive
component.

Thus, in conjunction with therapeutic cells, other biologically active molecules, such as
antithrombogenic agents, Ianti-apoptotic agents, and anti-inflammatory agents may be useful and
may be administered in sequence with, or coadministered with the the cells, individually or in

combinations or two or more such compounds or agents. For example, anti-apoptotic agents
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may be useful to minimize programmed cell death. Such agents include but are not limited to
EPO, EPO derivatives and analogs, and their salts, TPO, IGF-I, IGF-I1, 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, nonsteroidal anti-inflammatory compounds, for example, Tepoxalin, Tolmetin, and
Suprofen.

Other bioactive factors or therapeutic agents which can be coadministered with the
therapeutic cells of the imnvention include, for example, antithrombogenic factors, ,
immunosuppressive or immunomodulatory agents, and antioxidants. Examples of
immunosuppressive and immudulatory agents include calcineurin inhibitors, for example
cyclosporine, Tacrolimus, mTOR 1nhibitors such as Sirolimus or Everolimus; anti-proliferatives
such as azathioprine and mycophenolate mofetil; corticosteroids for example prednisolone or
hydrocortisone; antibodies such as monoclonal anti-IL-2Ra receptor antibodies, Basiliximab,
Daclizumab; polyclonal anti-T-cell antibodies such as anti-thymocyte globulin (ATG), anti-
lymphocyte globulin (ALG), and the monoclonal anti-T cell antibodyy OKT3. Antithrombogenic
compounds which can be therapeutically provided in conjunction with the cells of the invention
include, for example, heparin, heparin derivatives, urokinase, and PP ack (dextrophenylalanine
proline arginine chloromethylketone); antithrombin compounds, platelet receptor antagonists,
anti-thrombin antibodies, anti-platelet receptor antibodies, aspirin, dipyridamole, protamine,
hirudin, prostaglandin inhibitors, and platelet inhibitors. Antioxidants are well known 1n the art
of course and any pharamacueitcally acceptable antioxidant may be administered 1in conjunction
with the cells of the mvention including probucol; vitamins A, C, and E, coenzyme Q-10,
glutathione, L cysteine, N-acetylcysteine, or antioxidant derivative, analogs or salts of the
foregoing.

In addition to the above, compositions derived from the cells are provided herein. Cell
lysates, soluble cell fractions and membrane-enriched cell fractions axe provided herein, as
described above 1n detail. Extracellular matrices derived from the cells, for example, comprising
basement membranes are also useful and are provided herein. Cell lysates, soluble cell fractions,
membrane-enriched cell fractions and extracellular matrix derived from the cells can all be
administered to patients as appropriate, or coadministered with the cells of the invention, with or
without additional cells or cell types.

Compositons of the invention also include conditioned culture media as provided herein.
Such media have first been used to grow the cells or cultures of the imvention, which during

ogrowth secrete one or more useful products into the medium. Conditioned medium from these
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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. Methods of preparing
and storing conditioned media are known 1n the art and primarily involve removal of the cells,
for example by centrifugation.

The invention provides in another of its aspects therapeutic cell compositions comprising
a pharmaceutically-acceptable carrier and postpartum-derived 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 along mesenchymal lineage, towards
cardiomyogenic, angilogenic and vasculogenic phenotypes, and further towards cells such as
cardiomyocytes, endothelial cells, myocardial cells, epicardial cells, vascular endothelial cells,
smooth muscle cells (e.g. vascular smooth muscle cells), as well as cells of the excitatory and
conductive systems, and progenitors of the foregoing. The cells are capable of growth 1n an
atmosphere containing oxygen from about 5% to at least about 20%. The cells also require L-
valine for growth; have the potential for at least about 40 doublings 1n culture; attach and expand
on a coated or uncoated tissue culture vessel, wherein a coated tissue culture vessel i1s coated
with gelatin, laminin, or fibronectin; produce tissue factor, vimentin, and alpha-smooth muscle
actin; produce each of CD10, CD13, CD44, CD73, CD90, PDGFr-alpha, and HLA-A,B,C; and
do not produce any of CD31, CD34, CD45, CD117, CD141, or HLA-DR,DP,DQ, as detected by
flow cytometry. In preferred embodiments the cells are derived from human tissue.

The therapeutic cell compositions provided can be provided therapeutically 1n a patient
with a disease of the heart or circulatory system, such as a-cardiomyopathy, or other heart
disease, or a cardiac injury. In certain embodiments, the therapeutic cell compositions comprise
cells induced to differentiate along a cardiogenic, angiogenic, hemanglogenic, or vasculogenic
pathway or lineage. The therapeutic cell compositions can comprise cells or cell products that
stimulate adult stem cells present i the heart, blood, blood vessels and the like, toidivide, or
differentiate, or both.

The therapeutic cell compositions are provided, for example, by mnjection. In certain
embodiments, the therapeutic cell compositions are provided by intracardiac injection. In other
embodiments, the injection may be onto the surface of the heart, into an adjacent area, or even to
a more remote area. In preferred embodiments, the cells can home to the diseased or injured
area. Particularly preferred are cells that can be injected intravenously and locate appropriately
to the desired site of action, for example, cardiomyocytes or their progenitors preferably have the

ability to locate and home to the heart muscle or it structures.
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The therapeutic cell compositions can also be provided in the form ot a matrix-cell
complex. Matrices include biocompatible scaffolds, lattices, self-assembling structures and the
like, whether bioabsorbable or not, liquid, gel, or solid. Such matrices are known 1n the arts of
therapeutic cell treatment, surgical repair, tissue engineering, and wound healing. Preferably the
matrices are pretreated with the therapeutic cells. More preferably the matrices are populated
with cells in close association to the matrix or its spaces. The cells can adhere to the matrix in
some embodiments, 1n others the cells are entrapped or contained within the matrix spaces. Most
preferred are those matrix-cell complexes were the cells are growing in close association with the
matrix and when used therapeutically, in growth of the patient’s cells 1s stimulated and
supported, and proper angiogenesis 1s similarly stimulated or supported. The matrix-cell
compositions can be introduced into a patients body in any way known in the art, including but
not limited to implantation, injection, surgical attachment, transplantation with other tissue,
injection, and the like. In some embodiemtns, the matrices form 1n vivo, or even more preferably
in situ, for example in situ polymerizable gels can be used 1n accordance with the invention.
Examples of such gels are known 1n the art.

In some embodiments, the cells of the imnvention, or co-cultures thereof, may be seeded
onto such three-dimensional matrices, such as scaffolds and implanted in vivo, where the seeded
cells may proliferate on or in the framework or help establish replacement tissue in vivo with or
without cooperation of other cells.

Growth of PPDCs or co-cultures thereof on the three-dimensional framework preferably
results in the formation of a three-dimensional tissue, or foundation therefor, which can be
utilized in vivo, for example for repair of damaged or diseased tissue. For example, the three-
dimensional scaffolds can be used to form tubular structures, for example for use 1 repair of
blood vessels; or aspects of the circulatory system or coronary structures.

In accordance with one aspect of the invention, PPDCs or co-cultures thereof are
inoculated, or seeded on a three-dimensional framework or matrix, such as a scatfold, a foam or
hydrogel. The framework may be configured into various shapes such as generally flat,
generally cylindrical or tubular, or can be completely free-form as may be required or desired for
the corrective structure under consideration. In some embodiments, the PPDCs grow on the
three dimensional structure, while in other embodiments, the cells only survive, or even die,
however in doing so they stimulate or promote ingrowth of new tissue, for example, and
preferably vascularization. PPDCs may be co-administered with myocytes, myoblasts, vascular
endothelial cells, dermal fibroblasts, keratinocytes, and other soft tissue type progenitors,

including stem cells. When grown in this three-dimensional system, the proliferating cells
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mature and segregate properly to form components of adult tissues analogous to counterparts
found naturally in vivo.

For example, but not by way of limitation, the matrix may be designed such that the
matrix structure: (1) supports the PPDCs or co-cultures thereof wathout subsequent degradation;
(2) supports the PPDCs or co-cultures thereof from the time of seeding until the tissue transplant
1s remodeled by the host tissue; (2) allows the seeded cells to attach, proliferate, and develop into
a tissue structure having sufficient mechanical integrity to support itself in vitro, at which point,
the matrix 1s degraded. A review of matrix design 1s provided by Hutmacher, J. Biomat. Sci.
Polymer Edn., 12(1):107-124 (2001).

The matrices, scaffolds, foams and self-assembling systemas contemplated for use herein
can be implanted in combination with any one or more cells, growth factors, drugs, or other
components, such as bioactive agents that promote healing, or in growth of tissue, or stimulate
vascularization or innervation thereof or otherwise enhance or improve the therapeutic outcome
or the practice of the invention, 1n addition to the cells of the invemntion.

The cells of the invention can be grown freely 1n culture, removed from the culture and
ioculated onto a three-dimensional framework. Inoculation of thie three-dimensional framework
with a concentration of cells, e.g., approximately 10° to 5 x 10’ cells per milliliter, preferably
results 1in the establishment of the three-dimensional support in relatively shorter periods of time.
Moreover 1in some application it may be preferably to use a greater or lesser number of cells
depending on the result desired.

In some embodiments, it 1s useful to re-create in culture the cellular microenvironment
found in vivo, such that the extent to which the cells are grown prior to implantation iz vivo or
use in vitro may vary. PPDCs or co-cultures thereof may be moculated onto the framework
before or after forming the shape desired for implantation, e.g., ropes, tubes, filaments, and the
like. Following inoculation of the cells onto the framework, the framework 1s preferably
incubated 1n an appropriate growth medium. During the incubation period, the inoculated cells
will grow and envelop the framework and may for example bridge, or partially bridge any
interstitial spaces therein. It 1s preferable, but not required to grow the cells to an appropriate
degree which ;eﬂects the in vivo cell density of the tissue being repaired or regenerated. In other
embodiments, -the presence of the PPDCs, even 1n relatively low mumbers on the framework
encourages ingrowth of the other healthy cells to facilitate healing for example of a wounded or
necrotic tissue..

Examples of matrices, for example scaffolds which may b e used for aspects of the

invention include mats (woven, knitted, and more preferably nonwoven) porous or semiporous
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foams, self assembling peptides and the like. Nonwoven mats may, for example, be formed
using fibers comprised of natural or synthetic polymers. In a preferred embodiment, absorbable
copolymers of glycolic and lactic acids (PGA/PLA), sold under the tradename VICRYL
(Ethicon, Inc., Somerville, NJ) are used to form a mat. Foams, composed of, for example,
poly(epsﬂon—céprolactone)/poly(glycolic acid) (PCL/PGA) copolymer, formed by processes such
as freeze-drying, or lyophilization, as discussed 1n U.S. Patent No. 6,355,699, can also serve as
scaffolds. Gels also form suitable matrices, as used heremm. Examples imclude in situ
polymerizable gels, and hydrogels, for example composed of self-assembling peptides. These
materials are frequently used as supports for growth of tissue. /n situ-torming degradable
networks are also suitable for use 1n the mvention (see, e.g., Anseth, K.S. ef al., 2002, J.
Controlled Release 78: 199-209; Wang, D. et al., 2003, Biomaterials 24-: 3969-3980; U.S. Patent
Publication 2002/0022676 to He et al.). These materials are formulated as fluids suitable for
injection, then may be induced by a variety of means (e.g., change 1n temperature, pH, exposure
to light) to form degradable hydrogel networks 1n situ or in vivo.

According to a preferred embodiment, the framework i1s a felt, which can be composed of
a multifilament yarn made from a bioabsorbable matenal, e.g., PGA, PLLA, PCL copolymers or
blends, or hyaluronic acid. The yarn 1s made into a felt using standard textile processing
techniques consisting of crimping, cutting, carding and needling. In another preferred
embodiment the cells of the invention are seeded onto foam scaffolds that may be composite
structures. In addition, the three-dimensional framework may be molded into a useful shape,
such as a specific structure in the body to be repaired, replaced, or augmented.

The framework may be treated prior to inoculation of the cells of the imnvention in order to
enhance cell attachment. For example, prior to inoculation with the cells of the mvention, nylon
matrices could be treated with 0.1 molar acetic acid and incubated in polylysine, PBS, and/or
collagen to coat the nylon. Polystyrene could be similarly treated using sulfuric acid.

In addition, the external surfaces of the three-dimensional framework may be modified to
improve the attachment or growth of cells and differentiation of tissue, such as by plasma coating
the framework or addition of one or more proteins (e.g., collagens, elastic fibers, reticular fibers),
glycoproteins, glycosaminoglycans (e.g., heparin sulfate, chondroitin-4-sulfate, chondroitin-6-
sulfate, dermatan sulfate, keratin sulfate), a cellular matrix, and/or other materials such as, but
not limited to, gelatin, alginates, agar, agarose, and plant gums, among others.

In some embodiments, the scaffold 1s comprised of or is treated with materials that render
1t non-thrombogenic. These treatments and‘ materials may also promote and sustain endothelial

growth, migration, and extracellular matrix deposition. Examples of these materials and
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treatments include but are not limited to natural materials suich as basement membrane proteins
such as laminin and Type IV collagen, synthetic materials such as ePTFE, and segmented
polyurethaneurea silicones, such as PURSPAN (The Polymer Technology Group, Inc., Berkeley,
CA). These materials can be further treated to render the scaffold non-thrombogenic. Such
treatments include anti-thrombotic agents such as heparin, and treatments which alter the surface
charge of the material such as plasma coating.

Different proportions of the various types of collagen, for example, deposited on the
framework can affect the growth of tissue-specific or other cells which may be later inoculated
onto the framework or which may grow onto the structure Zz vivo. For example, for three-
dimensional skin culture systems, collagen types I and III axe preferably deposited in the initial
matrix. Alternatively, the framework can be moculated with a mixture of cells which synthesize
the appropriate collagen types desired. Thus, depending upon the tissue to be cultured, the
appropriate collagen type to be moculated on the framework or produced by the cells seeded
thereon may be selected. For example, the relative amounts of collagenic and elastic fibers
present in the framework can be modulated by controlling the ratio of collagen-producing cells to
elastin-producing cells in the initial inoculum. For example, since the inner walls of arteries are
rich 1n elastin, an arterial scaffold should contain a co-culture of smooth muscle cells which
secrete elastin.

The seeded or mnoculated three-dimensional framew ork of the mvention can be used in a
variety of applications. These include but are not lirmited to transplantation or implantation of
either the cultured cells obtained from the matrix or the cultured matrix itself in vivo. The three-
dimensional scaffolds may, according to the invention, be tased to replace or augment existing
tissue, to introduce new or altered tissue, to modify artificial prostheses, or to join together
biological tissues or structures. For example, and not by way of limitation, specific embodiments
of the mvention include but are not limited to, flat structures and tubular three-dimensional tissue
implants for repair or regeneration, for example, of cardiac muscle, its structures, and those of
the entire vascular tree, including for example the endovascular structures of the brain and
intracranium.

PPDCs can be inoculated onto a flat scaffold. The scaffold 1s preferably incubated in
culture medium prior to implantation. Two or more flat frameworks can be laid atop another and
sutured together to generate a multilayer framework.

For example and not by way of limitation, the three—dimensional framework can also be
used to construct single and multi-layer tubular tissues in vZiro that can serve as a replacement

for damaged or diseased tubular tissue in vivo.
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A scaffold can be cut into a strip (e.g., rectangular 1in shape) of which the width 1s
approximately equal to the inner circumference of the tubular organ into which it will ultimately
be inserted. The cells can be moculated onto the scaffold and incubated by floating or suspending
in liquid media. At the appropriate stage of confluence, the scaffold can be rolled up into a tube
by joining the long edges together. The seam can be closed by suturing the two edges together
using fibers of a suitable material of an appropriate diameter.

According to the invention, a scaffold can be formed as a tube,, inoculated with PPDCs,
and suspended 1n media 1n an incubation chamber. In order to prevent cells from occluding the
lumen, one of the open ends of the tubular framework can be affixed to a nozzle. Liquid media
can be forced through this nozzle from a source chamber connected to the incubation chamber to
create a current through the interior of the tubular framework. The oth er open end can be affixed
to an outflow aperture which leads into a collection chamber from whach the media can be
recirculated through the source chamber. The tube can be detached from the nozzle and outflow
aperture when incubation 1s complete. This method 1s described by Ballermann, B. J., ef al., Int.
Application No. WO 94/25584 and 1n U.S. Application Ser. No. 08/430,768, both of which are
incorporated herein by reference 1n its entirety.
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