STEM CELL AGGREGATES AND METHODS FOR MAKING AND USING

RELATED APPLICATIONS

[0001] The present application claims priority to United States Provisional Application
Number 61/022,121, filed January 18, 2008, which is incorporated herein by reference.

FIELD OF THE INVENTION

[0002] The invention is directed to compositions of cell aggregates and methods for
making and using the cell aggregates where the aggregates coraprise cells that are not
embryonic stem cells but can differentiate into cell types of at least two of ectodermal,

endodermal, and mesodermal embryonic germ layers, e.g., stem cells,
BACKGROUND OF THE INVENTION

Stem Cells

[6003] Stera cells are characterized in that they are capable of self renewal (cell division
without differentiation) and also of producing progeny that are more differentiated, The
guintessential stem cell historically is the embryonic stem (ES) cell. The ES cell has
unlimited selfrenewal. ES cells are derived from the inner cell mass of the blastocyst or
primordial germ cells from a post-implantation embryo (embryonal germ cells or EG cells).
ES and EG cells have been derived, among others, from mouse, non-human primates and
humans. When introduced into blastocysts, ES cells can contribute to all tissues. A
drawback to ES cell therapy is that when transplanted in post-natal animals, ES and EG cells

generate teratomas.

[0004] ES (and EG) cells can be identified by positive staining with antibodies to SSEA1
(mouse} and SSEA4 (buman). At the molecular level, ES and EG cells express a number of
transcription factors specific for these undifferentiated cells. These include oct3/4 and rex-1.
Also found are the LIF-R (in mouse) and the transeription factors sox-2 and rox-1. Rox-1
and sox-2 are also expressed in non-ES cells, A hallmark of ES cells is telomerase enzyme
activity, which provides these cells with an unlimited self-renewal potential in vitro. See, for
example, U.S. Patent Nos, 5,453,357, 5,656,479; 5,670,372; 5,843,780; 5,874,301;
5,914,268; 6,110,739 6,190,010; 6,200,806; 6,432,711; 6,436,701, 6,500,668; 6,703,279;
6,875,607; 7,029,913; 7,112,437; 7,145,057, 7,153,684; and 7,294,508, cach of which is
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incorporated by reference for teaching ES cells and methods of making them, ES cells have
been grown in aggregate form. They are able to form embryoid bodies when grown without

attachment to a substrate,

[6005] Oct3/4 (vct3 in humans) is a transcription factor expressed in the pregastrulation
embryo, early cleavage stage embryo, cells of the inner cell mass of the blastocyst, and in
embryonic carcinoma (BEC) cells (Nichols et al, Cell 95:379-91 (1998)), and is
down-regulated when cells are induced to differentiate. Expression of oct3/4 plays an
important role in determining early steps in embryogenesis and differentiation. Oct3/4, in
combination with rox-1, causes transcriptional activation of the Zn-finger protein rex-1, also
required for maintaining undifferentiated ES cells (Rosfjord and Rizzino, Biochem Biophys
Res Commun 203:1795-802 (1997); Ben-Shushan et al., Mol Cell Biol 18:1866-78 (1998)).
In addition, sox-2, expressed in ESC/EC, but also in other more differentiated cells, is needed
together with oct3/4 to retain the undifferentiated state (Uwanogho et al., Mech Dev 49:23-36
{1995)). Maintenance of murine ES cells and primordial germ cells requires the presence of
LIF. The oct3/4 gene is transcribed into at least two splice variants in humans, oct3A and
oct3B. The oct3B splice variant is found in many differentiated cells whereas the oct3A
splice variant (also previously designated oct3/4) is reported to be specific for the
undifferentiated ES cell. See Shimozaki et al. Development 130:2505-12 (2003).

SUMMARY OF THE INVENTION

[0008] 1. The invention provides a composition comprising an aggregate of cells,
wherein said aggregate of cells comprises cells that are not embryonic stem cells, embryonic
germ cells, or germ cells and can differentiate into cell types of at least two of the

endodermal, eciodermal and mesodermal embrvonic lineages.

{0007} 2. The invention further provides a composition comprising an aggregate of cells
in cell culture, wherein said aggregate of cells comprises cells that are not embryonic stem
cells, embryonic germ cells, or germ cells and can differentiate into cell types of at least two

of the endodermal, ectodermal and mesodermal embryonic lineages.

[0008] 3. The invention further provides a pharmaceutical composition comprising a
pharmaceutically-acceptable carrier and an aggregate of cells, wherein said aggregate of cells
comprises cells that are not embryonic stem cells, embryonic germ cells, or germ cells and
can differentiate Into cell types of at least two of the endodermal, ectodermal and mesodermal

embryonic lincages.



'{0099} 4. The invention further provides a composition comprising cells derived from an
aggregate of cells, wherein said aggregate of cells comprises cells that are not embryonic
stem cells, embryonic germ cells, or germ cells and can differentiate info cell types of at least

two of the endodermal, ectodermal and mesodermal embryonic Hoeages.

[0010] 5. The invention further provides a composition comprising, in cell culture, cells
derived from an aggregate of cells, wherein said aggregate of cells comprises cells that are
not embryonic steny cells; embryonic germ cells, or germ cells and can differentiate into cell

types of at lecast two of the endodermal, ectodermal and mesodermal embryonic lineages.

[0011] 6. The invention further provides a pharmaceutical composition comprising a
pharmaceutically-acceptable carrier and cells derived from an aggregate of cells, wherein said
aggregate of cells comprises cells that are not embryonic stem cells, embryonic germ cells, or

germ cells and can differentiate into cell types of at least two of the endodermal, ectodermal

and mesodermal embryonic lineages.

[0012] 7. The invention further provides a composition comprising a differentiated cell
produced by cxposing an aggregate of cells, wherein said aggregate of cells comprises cells
‘that are not embryonic stem cells, embryonic germ cells, or germ cells and can differentiate
into cell types of at least two of the ‘endedermal, ectodermal and mesodermal embryonic

lineages, to conditions producing said differentiated cell.,

[0013] 8. The invention further provides a composition comprising, in cell culture, a
differentiated cell produced by exposing an aggregate of cells, wherein said aggregate of cells
comprises cclls that are not embryonic stem cells, embryonic germ cells, or germ cells and
can differcntiate into cell types of at least two of the endodermal, ectodermal and mesodermal

embryonic lincages, to conditions producing said differentiated cell.

[0014] 9. The invention fuxther provides a pharmaceutical composition comprising a
pharmaceutically-acceptable carrier and a differentiated cell, said differentiated cell produced
by exposing an aggregate of cells, wherein said aggregate of cells comprises cells that are not
embryonic ster cells, embryonic germ cells, or germ cells and that can differentiate into cell
types of at least two of the endodermal, ectodermal and mesodermal embryonic lineages, to

conditions producing said differentiated cell.

[06615] 10. The invention finther provides a composition compusing a differentiated cell

produced by exposing cells derived from an aggregate of cells to conditions producing said



differentiated cell, wherein said aggregate of cells comprises cells that are not embryonic
stern celis, embryonic germ cells, or germ cells and can differentiate into cell fypes of at least

two of the endodenmal, ectodermal and mesodermal embryonic lineages.

[0016] 11. The invention firther provides a composition, comprising, in cell culture, a
differentiated cell produced by exposing cells derived from an aggregate of cells to
conditions producing said differentiated cell, wherein said aggregate of cells comprises cells
that are not embryonic stem cclls, embryonic germ cells, or germ cells and can differentiate
into cell types of at least two of the endodermal, ectodermal and mesodermal embryonic

lineages.

{0017] 12. The invention further provides a pharmaceutical composition comprising a
pharmaceutically-acceptable carrier and a differentiated cell produced by exposing cells
derived from an aggregate of cells fo conditions producing said differentiated cell, wherein
said aggrepate of cells comprises cells that are not embryonic stem cells, embryenic germ
cells, or germ cells and can differentiate into cell types of at least two of the endodermal,

ectodermal and mesodermal embryonic lineages.

[0018] 13, The invention further provides a method for making an aggregate of cells, said
method comprising exposing cells that are not embryouic stem cells, embryonic germ cells,
or germ cells and can differentiate into cell types of at least two of the endodermal,
ectodermal and mesodermal embryonic fineages to conditions under which said cells

aggregate.

[0019] 14. The invention further provides a method for making an aggregate of cells in
cell culiure, said method comprising exposing cells, in cell culture, to conditions under which
said cells aggregate, wherein said cells from which the aggregate is made are not embryonic
stem cells, embryonic germ cells, or germ cells and can differentiate into cell types of at least

two of the endodermal, ectodermal and mesodennal embryonic lineages.

[0020] 15, The invention further provides a method for making a pharmaceutical
composition, said method comprising édmixing a phanmaceutically-acceptable carrier with an
aggregate of cells, said aggregate of cells comprising cells that are not embryonic stem calls,
embryonic germ cells, or germ cells and can differentiate into cell types of at least two of the

endodermal, ectodermal and mesodermal embryonic lineages.



[0021] 16. The invention further provides a method for making cells derived from an
aggregate of cells, said method comprising dis-aggregating cells in an aggregate of cells, said
aggregate of cells comprising cells that are not embryonic stem cells, embryonic germ cells,
or germ cells and can differentiate into cell types of at least two of the endodermal,

ectodermal and mesodermal embryonic lineages,

[0022] 17. The invention further provides a method for making a cell culture
composition, said method comprising iniroducing, into a culture medium, cells derived from
an aggregate of cells, wherein said aggregate of cells comprises cells that are not embryonic
stem cells, embryonic germ cells, or germ cells and can differentiate into cell types of at least

two of the endodermal, ectodermal, and mesodermal embryonic lineages.

[0023] 18. The invention further provides a method for making a pharmaceutical
composition, said method comprising adwmixing a pharmaceutically-acceptable carrier with
cells derived from an aggregate of cells, wherein said aggregate of cells comprises cells that
are not embryonic stem cells, embryonic germ cells, or germ cells and can differentiate into

cell types of at least two of the endodermal, ectodermal, and mesodermal embryonic lineages,

[0024] 19. The invention further provides a method for making a differentiated cell, said
method comprising exposing an aggregate of cells, wherein said aggregate of cells comprises
cells that are not embryonic stem cells, embryonic germ cells, or genm cells and can
differentiate into cell types of at least two of the endodermal, ectodermal, and mesodermal

embryonic lineages, to conditions preducing said differentiated cell.

[0025] 20. The invention further provides a method for making a differentiated cell, said
method comprising cxposing an aggregate of cclls, in cell culture, to conditions producing
said differentiated cell, wherein said aggregate of cells comprises cells that ave not embryonic
stem cells, embryonic germ cells, or germ cells and can differentiate into cell types of at least

two of the endodermal, ectodermal and mesodermal embryonic lineages.

{00267 21. The invention further provides a method for making a cell culture
composition, said method comprising combining a differentiated cell with a cell culture
medium, said differentiated cell having been produced by exposing an aggregate of cells to
conditions producing said differentiated cell, wherein said aggregate of cells comprises cells
that are not embryonic stem cells, embryonic germ cells, or genm cells and can differentiate

into cell types of at least two of the endodermal, ectodermal, and mesodermal embryonic

lineages.



[0027}] 22, The invention further provides a method for making a pharmaceutical
composition, said method comprising admixing a pharmaceutically-acceptable carrier with a
differentiated cell produced by exposing an aggregate of cells to conditions producing said
differentiated cell, wherein said aggregate of cells comprises cells thal are not embryonic
stem cells, embryonic germ cells, or germ cells and can differentiate into cell types of at least

two of the endodermal, ectodermal and mesodermal embryonic lineages.

[0028] 23. The invention further provides a method for making a differentiated cell, said
method comprising exposing a cell dexived from an aggregate of cells to conditions
producing said differentiated cell, wherein said aggregate of cells comprises cells that are not
embryonic stem cells, embryonic germ cells, or germ cells and can differentiate into cell

types of at least two of the endodermal, ectodermal, and mesodermal embryonic lineages.

[0029] 24. The invention further provides a method for making a differentiated cell, said
method comprising exposing, in cell culture, cells derived from an aggregate of cells to
conditions producing said differentiated cell, wherein said aggregate of cells comprises cells
are not embryonic stem cells, embryonic germ cells, or germ cells and can differentiate info

cell types of at least two of the endodermal, ectodermal and mesodermal embryonic lineages.

[0030] 25. The invention further provides a method for making a cell culture
composition, said method comprising combining a differentiated cell with a cell culture
medium, said differentiated cell having been produced by exposing cells derived from an
aggregate of cells to conditions producing said differentiated cell, wherein said aggregate of
cells comprises cells that are not embryonic stem cells, embryonic germ cells, or germ cells
and can differentiate into cell types of at least two of the endodermal, ectodermal, and

mesodermal embryonic lineages,

{6031] 26. The invention further provides a method for making a pharmaceutical
composition, said method comprising admixing a differentiated cell with a pharmaceutically-
acceptable carrier, said cell having been produced by exposing cells derived from an
aggregate of cells to conditions effective to achieve the differentiated cell phenotype, wherein
said aggregate of cells comprises cells that are not embryonic stem cells, embryonic germ
cells, or germ cells and can differentiate info cell types of at least two of the endodermal,

ectodermal, and mesodermal embryonic Jineages.

[0032] 27. The invention further provides a method comprising administering to a subject

an aggregate of cells, wherein said aggregate of cells comprises cells that are not crabryonic
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stem cells, embryonic germ cells, or germ cells and can differentiate into cell types of at least

two of the endodermal, cctodermal and mesodermal embryonic lineages.

[0033] 28. The invention further provides a method comprising adnﬁnisteﬁng 10 & subject
a pharmaceutical composition comprising a pharmaceutically-acceptable carrier and an
aggregate of cells, wherein said aggregate of cells comprises cells that are not embryonic
stem cells, embryonic germ cells, or germ cells and can differentiate into cell types of at least

two of the endodermal, ectodermal and mesodermal embryonic lineages.

{0034] 29. The invention further provides a method comprising administering to a subject
cells derived from an aggregate of cells, wherein said aggregate of cells comprises cells that
are not embryonic stem cells, embryonic germ cells, or germ cells and can differentiate info

cell types of at least two of the endodermal, ectodermal and mesodermal embryonic lineages.

[0035] 30. The invention further provides a method comprising administering to a subject
a pharmaceutical composition comprising a pharmaceutically-acceptable carrier and cells
derived from an agpregate of cells, wherein said aggregate of cells comprises cells that are
not embryonic stem cells, embryonic germ cells, or germ cells and can differentiate into cell

types of at least two of the endodermal, ectodermal, and mesodermal embryonic lineages.

[0036] 31. The invention further provides a method comprising administering to a subject
a differentiated cell produced by exposing an aggregate of cells to conditions producing said
differentiated cell, wherein said aggregate of cells comprises cells that are not embryonic
stem cells, embryonic germ cells, or germ cells and can differentiate into cell types of at least

two of the endodermal, ectodermal and mesodermal embryonic lineages.

[0037] 32. The invention further provides a method comprising administering to a subject
a pharmaceutical composition comprising a phammaceutically-acceptable carrier and a
differentiated cell, the differentiated cell produced by exposing an aggregate of cells to
conditions producing said differentiated cell, wherein said aggregate of cells comprises ceils
that are not embryonic stem cells, embryonic germ cells, or germ cells and can differentiate

into cell types of at least two of the endodermal, ectodermal, and mesodermal embryonic

Hneages.

[0038] 33. The invention further provides a method comprising admindstering to a subject
a differentiated cell produced by exposing cells derived from an aggregate of cells to

conditions producing said differentiated cell, wherein said aggregate of cells comprises cells



that are not embryonic stem cells, embryonic germ cells, or germ cells and that can

differentiste into cell types of at least two of the endodermal, ectodermal and mesedermal

cmbryonic lineages.

[0039] 34. The invention forther provides a method comprising administering to a subject
a pharmaceuntical composition comprising a pharmacentically-acceptable carrier and a
differentiated cell, the differentiated cell produced by exposing cells derived from an
aggregate of cells to conditions producing said differentiated cell, wherein said aggregate of
cells comprises cells that are not embryonic stem cells, embryonic germ cells, or germ cells
and can differentiate into cell types of at least two of the endodermal, ectodermal, and

mesodermal emabryonic lineages.

[0040] 35. The invention further provides a method of identifying an active agent, said
method comprising contacting an aggregate of cells with an agent, wherein said aggregate of
cells comprises cells that are not embryonic stem cells, embryonic germ cells, or germ cells
and can differentiate into cell types of at least two of the endodermal, ectodermal and
mesodermal embryonic Hneages, and detecting the effect of the agent on said aggregate of

cells,

[6041] 36. The invention further provides a method of identifying an active agent, said
method comprising contacting an aggregate of cells with an agent in cell culture, wherein
said aggregate of cells comprises cells that are not embryonic stem cells, embryonic germ
cells, or germ cells and can differentiate into cell types of at least two of the endodermal,
ectodermal and mesodermal embryonic lineages, and detecting the effect of the agent on said

agoregate of cells,

[0042] 37. The invention further provides 2 method of identifying an active agent, said
method comprising contacting cells derived from an aggregate of cells with an agent, wherein
said aggregate of cells comprises cells that are not embryonic stem cells, embryonic germ
cells, or germ cells and can differentiate into cell types of at least two of the endodermal,
ectodermal and mesodermal embryonic lineages, and detecting the effect of the agent on said

cells derived from said aggregate of cells,

[0043] 38 The invention further provides a method of identifying an active agent, said
method comprising contacting, in cell culture, cells derived from an aggregate of cells with
an agent, wherein said aggregate of cells comprises cells that are not embryonic stem cells,

embryonic germ cells, or germ cells and can differentiate into cell types of at least two of the
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endodermal, ectodermal and mesodermal embryonic lineages, and detecting the effect of the

agent on said cells derived from said aggregate of cells.

[0044] 39. The invention further provides a method of treating a disorder in a subject in
need of ireatment, said method comprising administering a therapeutically effective amount
of an aggregate of cells, wherein said aggregate of cells comprises cells that are not
embryonic stem cells, embryonic germ cells, or germ cells and can differentiate into cell

types of at least two of the endodermal, ectodermal and mesodermal embryonic lineages.

[0045] 40, The invention further provides a method of treating a disorder in a subject in
need of treatment, said method comprising administering a therapeutically effective amount
of a pharmaceutical composition comprising a pharmaceutically-acceptable carrier and an
aggregate of cells, wherein said aggregate of cells comprises cells that are not embryonic
stem cells, embryonic germ cells, or genm cells and can differentiate into cell types of at least

two of the endodermal, ectodermal and mesodermal exmbryonic lineages.

[D046] 41, The invention further provides a method of treating a disorder in a subject in
need of treatment, said method comprising administering a therapeutically effective amount
of cells derived from an aggregate of cells, wherein said aggregate of cells comprises cells
that are not embryonic stem cells, embryonic germ cells, or germ cells and can differentiate

into cell types of at least two of the endodermal, ectodermal and mesodermal embryonic

lineages.

[0047] 42. The invention further provides a method of treating a disorder in a subject in
need of treatment, said method comprising administering a therapeutically effective amount
of 3 pharmaceutical composition comptised of a pharmacentically-acceptable carrier and cells
derived from an aggregate of cells, wherein said aggregate of cells comprises cells that are
not enmibryonie stem cells, embryonic germ cells, or germ cells and can differentiate into cell

types of at least two of the endodermal, ectodermal and mesodermal embryonic lineages.

[0048] 43. The invention further provides a method of treating a disorder in a subject in
need of treatment, said method comprising administering a therapeutically effective amount
of a differentiated cell produced by exposing an aggregate of cells to conditions producing
said differentiated cell, wherein said aggregate of cells comprises cells that are not embryonic
stem cells, embryonic germ cells, or germ cells and can differentiate into cell types of at least

two of the endodermal, ectodermal and mesodermal embryounic lineages,



[0049] 44. The invention further provides a method of treating a disorder in a subject in
need of treatment, said methed comprising administering a therapeutically effective amount
of a pharmaceutical composition comprising a pharmaceutically-acceptable carrier and a
difforentiated cell, said differentiated cell produced by exposing an aggregate of cells fo
conditions producing said differentiated cell, wherein said aggregate of cells comprises cells
that are not embryonic stem cells, embryonic germ cells, or germ cells and can differentiate
into cell types of at least two of the endodermal, ectodermal and mesodermal embryonic

lineages.

{0050] 45. The invention further provides a method of treating a disorder in a subject in
need of treatment, said method comprising administering a therapeutically effective amount
of a differentiated cell produced by exposing cells derived from an aggregate of cells to
conditions producing said differentiated cell, wherein said aggregate of cells comprises cells
that are not embryonic stem cells, embryonic germ cells, or germ cells and can differentiate
into cell types of at least two of the endodermal, ectodermal and mesodermal embryonic

Lineages.

[0051] 46, The invention further provides a method of treating a disorder in a subject in
need of treatment, said method comprising administering a therapeutically effective amount
of a pharmaceutical éompasition comprising a pharmacentically-acceptable carrier and a
differentiated cell produced by exposing cells derived from an aggregate of cells to
conditions producing said differentiated ccll, wherein said aggregate of cells comprises cells
that not embryonic stem cells, embryonic germ cells, or germ cells and can differentiate info

cell types of af least two of the endodermal, ectodermal and mesodermal embryonic lineageé

[0052] 47. The invention fiwther provides the compositions herein, wherein cells in the
aggregate and cells derived from the aggregate express one or more of octd/4, telomerase,

rex-1, rox-1, nanog, GATAG and sox-2.

{0053] 48. The invention further provides the compositions herein, wherein cells in the
aggregate and cells derived from the agpregate can differentiate into cell types of all three of

the endedermal, ectodermal, and mesodermal embryonic lineages.

[0054] 49. The invention further provides the compositions herein, wherein the
differentiated cell, produced by differentiating the aggregate or cells derived from the

aggregate, expresses one or more of endodermal, ectodermal, and mesodermal differentiation

markers.
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[0055] 50. The invention further provides the compositions herein, ~wherein the
differentiated cell, produced by differentiating the aggregate or cells derived from the

aggregate, expresses endodermal and ectodermal differentiation markers.

[0056] 51. The invention further provides the compositions herein, wherein the
differentiated cell, produced by differentiating the aggregate or cells derived from the

aggregate, expresses ecfodermal and mesodermal differentiation markers.

[D087] 32, The invention further provides the compositions herein, wherein the
differentiated cell, produced by differentiating the aggregate or cells derived from the

aggregate, cipresses endodermal and mesodermal differentiation markers.

[0058] 53. The invention further provides the compositions herein, wherein the
differentiated cell, produced by dilferentiating the aggregate or cells derived from the

aggregate, expresses an endodermal differentiation marker.

[0059] 54. The invention forther provides the compositions herein, wherein the
differentiated cell, produced by differentiating the aggregate or cells derived from the

aggregate, expresses an ectodermal differentiation marker.

[0060] 55. The invention further provides the compositions herein, wherein the
differentiated cell, produced by differentiating the aggregate or cells derived from the

aggregate, expresses a mesoderma] differentiation marker.

[0061] 56. The invention further provides the c;ompbsitions herein, wherein the
differentiated cell phenotype, produced by differentiating the aggregate or cells derived from
the aggregate, is characteristic of cells selected from the group consisting of hepatocyies, beta
islet cells, neurons, osteoblasts, asirocytes, oligedendrocytes, cartilage, bone, muscle,
connective tissue, mesangioblasts, hematopoietic stem cells, lymphocytes, reticulocytes,

myeloid cells, pulmonary epithelia and skin.

[0062}) 57. The invention further provides the compositions herein, wherein the aggregate

contains about 10 cells to about 50,000 cells or more.

[0063] 58. The invention further provides the compositions herein, wherein the aggregate

contains about 1000 cells to about 5000 cells.

[0064] 59. The invention further provides the compositions herein, wherein cells are

aggregated by the hanging drop method or forced aggregation method.
11



[0065] 60. The invention further provides the compositions herein, wherein the
differentiated cell phenotype is selected from the group consisting of osteoblast, chondrocyte,
bone, adipocyte, cartilage, fibroblast, marrow stroma, skeletal muscle, smooth muscle,
cardiac muscle, ccular, endothelial, epithelial, hepatic, pancreatic, hematopoietic, glial,

neurcnal and oligodendrocyte cell type.

[0066] 61. The invention further provides the compositions herein, wherein the

differcutiated cell is definitive endoderm,

[0067) 62. The invention further provides the compositions herein, wherein the

differentiated cell is ventral foregut endoderm,

[0068] 63. The invention further provides the compositions herein, wherein the

differentiated cell is a bi-potential hepatic progenitor.

[6069] 64. The invention forther provides the compositions herein, wherein the

differentiated cell is a hepatocyte-like cell.

[0070] 65, The invention further provides the methods hersin, wherein cells in the
aggregate or cells derived from the aggregate express one or more of oct3/4, telomerase, rex-

1, rox-1, nanog, GATAG and sox-2.

[8071] 66. The invention further provides the methods herein, wherein cells in the
aggregate or cells derived from the agaregate can differentiate into cell types of all three of

the endodermal, ectodermal and mesodermal embryouic lineages.

[0072} 67. The invention further provides the methods herein, wherein the differentiated
cell, produced by differentiating the aggregate or cells derived from the aggregate, expresses

. one or more of endodermal, ectodermal and mesodermal differentiation markers.

[0073] 68. The invention further provides the methods herein, wherein the differentiated
cell, produced by differentiating the aggregate or cells derived from the aggregate, expresses

endodermal and ectodermal differentiation markers.

[0074] 69. The invention further provides the methods hersin, wherein the differentiated
cell, produced by differentiating the aggregate or cells derived from the aggregate, expresses

ectndermal and mesodermal differentiation markers.
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[0075] 70. The invention further provides the methods herein, wherein the differentiated
cell, produced by differentiating the aggregate or cells derived from the aggregate, expresses

endodermal and mesodermal differentiation markers.

[0076] 71. The invention further provides the methods herein, wherein the differentiated
cell, produced by differentiating the aggregate or cells derived from the aggregate, expresses

an endodermal differentiation marker.

{00771 72, The invention further provides the methods herein, wherein the differentiated
cell, produced by differentiating the aggregate or cells derived from the aggregate, expresses

an ectodermal differentiation marker.

[0078] 73. The invention further provides the methods herein, wherein the differeatiated
cell, produced by differentiating the aggregate or cells derived from the aggregate, expresses

a mesodermal differentiation marker.

[0079] 74. The invention further provides the methods herein, wherein the differentiated
cell phenotype is characteristic of cells selected from the group consisting of hepatocytes,
beta islet cells, neurons, osteoblasts, astrocytes, oligodendrocytes, cartilage, bone, muscls,
connective tissue, mesangioblasts, hematopoietic stem cells, lymphocytes, reticalocytes,

myeloid cells, pulmonary epithelia and skin.

[0080] 75. The invention further provides the methods herein, wherein the aggregate

contains about 10 cells to about 50,000 cells or more.

[0081] 76. The invention further provides the methods herein, wherein the aggregale
contains about 1000 cells to about 5000 cells.

[0082] 77. The iovention further provides the methods herein, whercin cells are
aggregated by the banging drop method or forced aggregation method.

[0083] 78. The invention further provides the methods herein, wherein the disorder is a
liver disease or disorder, GVHD, myocardial infarction, congestive heart failure, diabetes,

hematopoietic transplant, traumatic brain injury, spinal cord injury or stroke.

[0084] 79. The invention further provides the methods herein, wherein the disorder
involves damaged tissue and the tissue is one or more of cardiac, neuronal, ocular, cartilage,
bone, skeletal muscle, smooth muscle, bone marrow, spleen, liver, lung, brain, immune

system, connective, blood vessel, pancreas, CNS, PNS and kidney tissue.
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[0085} 80, The invention further provides the methods herein, wherein the differentiated
cell phenotype is selected from the group consisting of ostcoblast, chondrocyte, bone,
adipocyte, cartilage, fibroblast, marrow stroma, skeletal mugcle, smooth muscle, cardiac
muscle, ocular, endothelial, epithelial, hepatic, pancreatic, hematopoietic, glial, neuronal and

oligodendrocyte cell type.

[0086] 81. The invention further provides the methods herein, wherein the differentiated

cell is definitive endoderm.

[0087] &2. The invention further provides the methods herein, wherein the differentiated

cell is ventral foregut endoderm.

[0088] 83. The invention firther provides the methods herein, wherein the differentiated

cell is a bi-potential hepatic progenitor.

[0089] 84. The invention further provides the methods herein, wherein the differentiated
cell is a hepatocyte-like cell.

[0090] In the above statements of the invention, cells derived from the aggregate can retain

the differentiation capacity of the aggregated cells.

BRIEF DESCRIPTION OF THE FIGURES

[0091] Figure 1 shows the hanging drop method for forming aggregates from rat MAPCs in
monolayer (2D) culture and subsequent differentiation. After 4-5 days of aggregate formation in the
hanging drop in MAPC media and 5% oxygen, cell aggregates are transferred to the ultra-low
attachment plate for differentiation in corresponding differentiation media. The right panel
illustrates the morphology of the cells in 2D monolayer, undifferentiated cell aggregates, and then
differentiated cell aggregates.

[0092] Figure 2 shows aggregates formed from rat MAPC under different media conditions. Under
optimum MAPC media conditions, the aggregates grow up into spherical clusters with well defined
boundary. Withdrawal of LIF from MAPC media induces formation of aggregates with irregular
boundary corresponding to early signs of differentiation. In differentiation basal media, the cell
aggregates are much smaller due to non-optimal growth conditions.

[0093] Figure 3 shows the percentage of cells expressing oct3/4 (transcription factor associated
with the undifferentiated status of MAPCs). Out of the 76% of cells that expressed oct3/4 in 2D
monolayer, 70% still retained the expression of oct3/4 in the MAPC aggregates when they were
formed in MAPC media and 5% oxyger. Other conditions were different media compositions:- MAPC
media without LIF, differentiation basal media, and choice of oxygen levels-5% (hypoxic) or 21%
{normoxic).
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[0094] Figure 4 shows a QRT-PCR comparison of expression of several undifferentiated and
differentiated markers in MAPC 2D and 3D cultures formed by the hanging drop method and forced
aggregation method. The expression of oct3/4 and GATAS are both comparable beiween 2D MAPCs
and 3D MAPC aggregates irrespective of the method of formation. There is little expression of early
endoderm markers HNE3b and Goosecoid (Gsc) and no expression of mature endoderm markers like
AFP, albumin, Alpha-1-Antitrypsin (AAT) and Tyrosine amino transferase {TAT) in 3D MAPC

aggregates similar to MAPCs 2D.

[0095] Figure 5 shows low oct3/4 MAPC aggregates formed from low oc13/4 MAPC s in 2D culture
in MAPC medium and 5% oxygen in 7 days. Upon spontaneous differentiation in differentiation basal
media and 21 % oxygen, aggregates differentiated to cells that appeared like adipocytes and

fibroblasts by morphology.

[0086] Figure 6 shows high oct3/4 MAPC aggregates trypsinized and replated onto fibronectin-
coated dishes in MAPC medium and 5% oxygen. The morphology of cells are typical of MAPCs, they
are capable of undergoing expansion illustrated by the increase in cell number with time and retain
the expression of MAPC markers oct3/4 and GATAG at passage 1 (20 P1} and passage 2 (2D P2} after
replating at levels expressed by MAPCs aggregates they came from. There is little or no expression of
early differentiated markers like Goosecoid (Gsc) or Brachvury (Bry} and no expression of more
mature markers like Alpha-fetoprotein (AFP),

[0097] Figure 7 shows spontaneous multi-lineage differentiation of MAPC aggregates in
differentiation basal medium with 2% serum. The levels of oct3/4 goes down corresponding to
differentiation and increase in expression of markers of the three germ layers are observed-Nestin,
Pax6 (neurnectoderm) SM22, Fik-l {mesoderm), AFP, Albumin {endoderm).

[0098] Figure 8 shows characterization of MAPC aggregates using QRT-PCR.

{0099] Figure 9 shows results of differentiation using a multi-step protocol.

[00100] Figure 10 shows morphology of aggregates after 21 days of differentiation (10 X).

[00101] Figure 11 shows directed differentiation to hepatocytes (A}, endothelial cells (B), and neural
precursors {C), sterting from rat MAPC lines RZold and 19 maintained undifferentiated in 2D vs, 3D

conditions.

DETAILED DESCRIPTION OF THE INVENTION

Definttions

{00102]  As used herein, the terms below are defined by the following meanings.

[00103]  “2D” refers to cell culture where cells grow by attaching (adhering) to a substrate,
Such cells form monolayers or colonies where the cells are each aftached to a substrate

{where the substrate is other than the cells themselves).

[00104] 3D refors to cell culture where cells grow as an aggregate through association of
the cells with' each other and not through association with a substrate other than the cells
themselves. Ih the am, “3D” may refer to growth of cells on a scaffold or matrix. But, as

used herein, 31} is used as above.
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[00105] In one embodiment, cells can be initially grown on a substrate where some cells
associate with (adhere to) the substrate but further growth forms cell-cell associations
{(aggregation) that do not depend on association (adherence) of the further-grown cells with
the substrate. A cellular feeder layer is also considered a substrate. So attachment of cells to
a feeder layer is also a form of adherent culture (not an aggregate) since attachment of the

cells is not to each other but to the cells in the feeder layer.
[00106] “A” or “an” means one or more than one,

[00107]  “Aggregate” refers to an association of cells in which the association is caused by
cell-cell interaction rather than adberence to a substrate. In 2D monolayer culture, cells are
“associated” with each other but by means of attachment to a substrate material, such as

plastic or surface coating. In an aggregate, two or more cells associate with each other by
biologic attachments to one another. This can be through surface proteins, such as

extracellular mairix proteins.

[00108] “Co-administer” can include simuliancous or sequential administration of two or

- mMore agents,

[00109] “Comprising” means, without other limitation, including the referent, necessarily,
without any qualification or exclusion on what else may be included. For example, “a
composition comprising x and y” encompasses any composition that contains x and y, no
matter what other components may be present in the composition. Likewise, “a method
comprising the step of x” encompasses any method in which x is carried out, whether x is the
only step in the method or it is only one of the steps, no matter how many other steps there
may be and no matter how simple or complex x is in comparison to them. “Comprised of”
and similar phrases using words of the root “comprise” are used herein as synonyms of

“comprising” and have the same meaning.

[00110] “Cytokines” refer to cellular factors that induce or enhance gellular movement,
such as homing of stem cells, progenitor cells or differentiated cells such as skeletal
myoblasts, cardiac myoblasts, myocytes, and the like. Cytokines may also stimulate such

cells to divide.

[00111] “Definitive endodermal phenotype” is a particular phenciype of cells that no
longer express oct3/4, do not express the primitive endoderm gene Sox7, do not express the
mesodermal gene Flkl, but do express Sox17, Foxa2, E-cadherin, CXCR4, and PDGF-Ra.
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[00112] “Differenﬁétion factor” refers to a cellular or chemical factor, preferably growth

factor or angiogenic factor, that acts on stem or progenitor cells to form more highly

differentiated progeny.

[00113] “Dispersion” refers to cells derived from the aggregates and which retain the

function of the cells in aggregate form in that they can still differentiate into cell types of

more than one embryonic germ layer.

[60114] An “effective amount” generally means an amount which provides the desived
local or systemic effect, such as enhanced performance. For example, an effective dose is an
amount sufficient fo affect a beneficial or desired clinical result. Said dose could be
administered in one or more administrations and could include any preselected amount of
cells. The precise determination of what would be considered an effective dose may be based
on factors individual to each subject, including their size, age, injury and/or disease or injury
being treated and smount of time since the injury occurred or the disease began. One skilled
in the art, specifically a physician, would be able to delermine the number of cells that would

constitute an effective dose.

[00115] “Bffective amount” generally means an amount which provides the desired local
or systemic effeet. For example, an effective amount is an arnount sufficient to effectuate a
beneficial or desired clinical result, The effective amounts can be provided all at once in a
single administration or in fractional amounts that provide the effective amount in several
administrations. The precise determination of what would be considered an effective amount
may be based on factors individual to each subject, including their size, age, injury, and/or
disease or injury being treated, and amount of time since the injury ocourred or the disease
began. One skilled in the art will be able to determine the effective amount for a given
subject based on these considerations which are rontine in the art. As nsed herein, “effective

dose” means the same as “effective amovnt.”

[00116] “BC cells® were discovered from analysis of a type of cancer called a
teratocarcinotaa. In 1964, researchers noted that a single cell in feratocarcinomas could be
isolated and remain undifferentiated in culture, This fype of stem cell became kaown as an

embryonic carcinoma cell (EC cell),

[06117] “Embryonic stem cells” are stem cells derived from the inner cell mass of an early
stage embryo known as a blastocyst, They are able to differentiate into all derivatives of the
fhree primary germ layers: ectodenm, endoderm, and mesoderm. These include each of the

more than 220 cell types in the adult body. The ES cells can become any tissue in the body,
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[00118] “Expansion” refers to the propagation of a cell without differentiation.

[06119] “Hepatic diffcrentiation factors” are chemical or biological factors that induce
differentiation of stem and progenitor cells into more differentiated -cells of the hepatic
lineage. Hepatic differentiation factors include, but are not limited to, Wnt3a, Activind,
bFGF, BMP4, aFGF, FGF4, FGF8b, HGF and Follistatin, The initial cell may express
oct3/4.

[00120] “Hepatoblast phenotype” is a particular phenotype of cells that co-express
albumin, alpha fetoprotein and keratin 19, and express, on the cell membrane, c-Met,

EPCAM, and Dlik1 (Tanimizu et al., J Cell Sei 116:1775-1786 (2003)).

[00121] “Hepatocyte phenotype” is a particular phenotype of cells that express albumin
and keratin 18 but not alpha fetoprotein and keratin 19; in addition, hepatocytes may express
one or more of TAT, MRPZ, G6P, GLYS2, PEPCK, AIAT, BSEP, CX-32, NTCP, CYP7Al

(rat) and CYP3A4 (human).

[00122] Use of the term “includes” is not intended to be Yimiting. For example, stating that

stem cells “include” IPS cells does not mean that other stem cells are excluded.

[00123]  “Induced pluripotent stem cells APSC or IPS cells)” are somatic cells that have
been reprogrammed. for example, by introducing exogenous genes that confer on the somatic
cell a less differentiated phenotype. These cells can then be induced to differentiate into
more differentiated progeny. IPS cells have been derived using modifications of an approach
originally discovered in 2006 {Yamanska et al, Cell Stem Cell 1:39-49 (2007)). For
example, in one instance, to create IPS cells, scientists started with skin cells that were then
modified by a standard laboratory technigque using refrovirnses to insert gemes into the
cellular DNA. In one instance, the inserted genes were Octd, Sox2, Lif4, and ¢-myc, known
" o act together as natural regulators to keep cells in an embryonic stem cell-like state. These
cells have been described in the literature. See, for example, Wemig et al., PNAS, 105:5856-
5861 (2008); Jaenisch et al., Cell 132:567-582 (2008); Hanna et al., Cel/ 133:250-264 (2008);
and Brambrink et al., Celf Stem Cell 2:151-159 (2008). These references are incorporated by
reference for teaching IPSCs and methods for producing them. 1t is also possible that such

cells can be created by specific culture conditions (exposure to specific agents).

[00124] The term “isolated” refers to a cell that is not associated with one or more cells or
one or more cellular components that are associated with the cell in vivo. An “enrichéd
population” means a relative increase in mumbers of a desired cell relative to one or more
other cell types in vivo or in primary culture,
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[00123] However, as used herein, the term “isolated” does not indicate the presence of
only a specific desired cell, such as a stem or progenitor cell. Rather, the term “Isolated”
indicates that the cells are removed from their natural tissue environmetit and are present at a
higher concentration as compared to the normal tissue enviromment, Accordingly, an
“isolated” cell population may farther include cell types in addition to stem cells and may
include additional fissue components, This also can be expressed in terms of cell doublings.
For example, a cell may undergo 10, 20, 30, 40 or more doublings in vitro or ex vivo so that it
is enriched compared to its original numbers in vivo or in its original tissue environment (e.g.,

bone marrow, peripheral blood, wmbilical cord blood, adipose tissue, etc.)

[00126] “Liver-committed endodermaal phenotype” is a particular phenotype of cells that
are EPCAM positive and DIk1 Negative (Tauimizu et al,, J Cell Sei 116:1775-1786 (2003)).

[06127] “MAPC” is an acronym for “multipoient adulf progenitor cell”. Itreferstoa I}OI;.*
embryonic stem cell that can give rise to cell fypes of all three germ layers (i.e., endoderm,
mesoderm and ectoderm) upon differentiation. Like embryonic stem cslls, human MAPCs
can express onc or more of lelomerase, oct3/4 (i.e., 0ct3A), rex-1, 1ox-1, sox-2, SSEA-4, and
may express nanog. The term *adult” in MAPC is non-restrictive. It refers to a non-
embryonic somatic cell. MAPCs are reported to express high levels of telomerase (Jiang ot
al.,, Nature 418:41 (2002); Exp Hematol 30:896 (2002)) (incorporated by reference for
teaching telomerase expression), MAPCs derived from human, mouse, rat or other mammals
appear to be the only nonmal, non-malignant, somatic cell (1.e., non-germ cell} known to date
to express very high levels of telomerase even in lale passage cells. The telomerss are

extended in MAPCs. MAPCs are karyotypically normal.

[00128] “Multipotent,” with respect to the term in “MAPC,” refers to the ability to give
rise to cell lineages of more than one primitive germ layer (i.e., endoderm, mesoderta and

ectoderm) upon differentiation, such as all three, This term is not used consistently in the

Hterature,

[00129] “Primitive endodermal phenotype” is a particular phenotype of cells that may
express sox7, sox17, gatad, gata6, Citedl, Tcf2, Lambl, Dab2, LamAl, LamAd, Lamel,
Coidal, and Nidogen? (this is a phenotype of mouse and rat MAPC, XEN cells from J.
Rossant and Sox7 expressing BSC from J, Rossant. See also Ulloa-Montoya et al., Genome
Biol 8:R163 (2007); Se’guin et al., Cell Stem Cell 3:182-195 (2008); and Kuaath et al.,

Development 132:1649-1661 (2005)).
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[00130] “Primordial embryonic germ cells” (PG or EG cells) can be culbwed and

stimulated to produce many less differentiated cell types.

[00131]  “Progenitor cells” are cells produced during differentiation of a stem cell that have
some, but not all, of the characteristics of their terminally differentiated progeny. Defined
progenitor cells, such as “cardiac progenitor cells,” are committed to a lineage, but not 't.o. a ‘

specific or terminally differentiated cell type. The term “progenitor” as used in the acronym

“MAPC” does not limit these cells to a particular lineage.

{00132] *Self-renewal” refers to the ability to produce replicate daughter stem cells
having the same differentiation potential as the parental cells. A simdlar term used in this

context is “proliferation.”

[00133] “Stem cell” means a cell that can undergo self-renewal (i.c., progeny with the
same differentiation potential) and also produce progeny cells that are more restricted in
differentistion potential. Within the context of the Invention, a stem cell would also
encompass a more differentiated cell that has dedifferentiated, for example, by nuclear
transfer, by fusions with a more primitive stem cell, by introduction of specific transcription
factors, or by culture under specific conditions. See, for example, Wilmut et al., Nafure
385:810-813 {(1997); Ying et al., Nature 416:545-548 (2002); Guan et al., Nature 440:1199-
1203 (2006); Takabashi et al.,, Cell 126:663-676 (2006); Okita et al.,, Nature 448:313-317
(2007); and Takahashi et al., Cell 131:861-872 (2007).

[00134] Dedifferentiation may also be caused by the administration of certain compounds
or exposure to a physical enviromment in vitre or in vivo that would cause the
dedifferentiation. Stem cells also may be derived from abnormal tissue, such as a
teratocarcinoma and some other sources, such as embryoid bodies (although these can be
considered embryonic stem cells in that they are detived from embryonic tissue, although not

directly from the inner cell mass).

[00135] A “subject” is a vertebrate, preferably a mammal, more preferably a human.
Mammals include, but are not limited to, humans, farm animals, sport animals, and pets.
Subjects in need of treatment by methods of the present iavention include those suffering

from a loss of function as a result of physical or disease-related damage.
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[60136] The term “therapeutically effective amount” refers to the amount determined to
produce any therapeutic response in a mammal. For example, effective amounts of the
therapeutic cells or cell-associated agents may prolong the survivability of the patient, and/or
inhibit overt clinical symptoms. Treatments that are therapentically-effective within the
meaning of the ferm as used herein, include treatments that improve a subject’s quality of life
even If they do not improve the disease outcome per se. Such therapeutically effective
amounts are ascertained by one of ordinary skill in the art through routine application to

subject populations such as in clinical and pre-clinical trials, Thus, to “treat” means to

deliver such an amount.

[00137] “Treat,” “freating” or “freatment” are used broadly in rclation to the invention and
each such term encompasses, among others, preventing, ameliorating, inhibiting, or curing a
deficiency, dysfunction, disease, or other deleterious process, including those that interfere

with and/or result from a therapy.

{00138] The inventors have discovered that non-embryonic stem cells can be grown as
aggregates and the aggregates comprise cells that retain the undifferentiated phenotype of the
von-embryonic stem cells, Therefore, the aggregates are capable of producing progeny with a
more differentiated phenotype, The ability fo form aggregates can be useful for large scale

cell production.

[00139] Stem cclls that are usefol for the invention may include cells that are not
transformed or tumorigenic. They may have a normal karyotype. For example, some, such

as MAPC, are known not to form feratomas iz vive and fo have a normal karyotype in

cultire.

[00140] The aggregate can be formed by using any method for non-adberent growth, such
as, any of the known methods in the art. These include, but are not limited to, the hanging
drop method (Kurosawa and Hopfl, cited below), the forced aggregation method
(centrifugation) (Ng, cited below), methods whersin the cells are cultured on non-adherent
plastic, suspension culiure (static or stirred), bioreactor expansion platforms, and non-
attachment or special coating e.g., temperature-sensitive polymer-based plates, microcontact

printing of wells to control size of colonies, and microfluidic devices.
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[00141]  Many different basal media are known in the art. Such media may be used with
or without serum (or at varying serum concenirations, e.g., 0.5% - 20% or more), When
serum is absent or reduced, the person of ordinary skill would know to use growth factors to
complement the basal medium, including, but not limited to, EGF and/or PDGF. Oxygen

concentrations may be reduced from atmospheric to ranges of 1-5, 5-10, 10-15, 15-20% and

numbers between.

[00142] The stem cells that form the aggregates can be derived from various tissues, such
as bone marrow, placenta, peripheral blood, umbilical cord blood and tissue, skin, and fat,
Cells designated “MAPC” in the literature ars exemplified in this application. But the
invention further contemplaics any non-embryonic stem cell that forms call types of more
than one embryonic germ layer. See, for example, U.S. 7,311,905; 2003/0059414;
2002/0164794, all incorporated by reference for teaching these cells and methods for making

them.
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[00143) In addition, less differentiated stem cells may be derived by various
manipulations, such as, by transfecting and expressing cestain genes in differentiated cells to
genetically reprogram the undifferentiated state, nuclear transfer of somatic cells info an
eavironment that creates gene expression corresponding to a less differentiated phenotype
than was present in the somatic cell, growth in media and culture conditions sufficient to
maintain pluripotency (for example, “MAPC media” and expansion protocols), nuclear
reprogramaming by fusion of somatic cells with embryonic stem cells, culture-induced
reprogramrning-cell explantation, and treatment of somatic nuclei with cell extract from

oocytes or pluripotent cells (Hochedlinger and Jaenisch, Nature 441: 1061-1067 (2006)).

[00144] The invention pertains to stem cells from any species and, pardeularly,
mammalian species and, more particularly, to humans. Within a species, uses (e.g.,
administration of cells to a subject) can be of allogeneic cells, Across species, uses can be of

xenogeneic cells. In a subject, cells can be autologous.

[08145] An aggregate, with respect 10 the invention, is defined as at least ten cells. But
ranges include agpregates that are not so large that the inner cells become necrotic. This can
include aggregates of 100-300p and numbers in between, such as 150-250u. The skilled
person would recognize any useful number in that range. A useful number of aggregates
would be greater than 50 for clinical applications. Coll numbers are variable and range from
hundreds to ten of thousands or greater, e.g., 100-1000 (about 200, 300, 400, 500, 600, 700,
800, 900 cells}, 1000-10,000, (about 2000, 3000, 4000, 5000, 6000, 7000, 8000, 9000 cells),
10,000-50,000 (about 20,000; 30,000; 40,000 cells) or more, ete.

{00146} The examples provided in this application utilize a cell that has been designated
multipotent adult progenitor cell (“MAPC”). But the invention pertains to any and all stem
cells that are not embryonic cells but can differentiate into all fypes of more than one germ

layer {e.g., two or three).

[00147] Another parameter in forming aggregates is the purity of the isclated stem cell
population used to form aggregates, Accordingly, in the present invention, aggregates may

be formed of a desired stem cell that is present in a population containing other cells as well.
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Bone marrow cells, for example, comprise mixed populations of cells, which can be purified
to a degree sufficient fo produce a desired effect. Those skilled in the art can readily
determine the percentage of a desired stem cell in a population using various well-known
methods, such as fluorescence activated cell sorting (FACS). Purity of a given stem cell can

also be determined according to the gene expression profile within a population.

[00148] Ranges of purity in populations comprising a given stem cell are about 50-55%,
" 55-60%, and §5-70%. Other ranges include purity of abount 70-75%, 75-80%, 80-85%. 8tll
other ranges include purity of about 85-90%, 90-85%, and 95-100%., However, populations
with lower purity can also be useful, such as about 25-30%, 30-35%, 35-40%, 40-45% and

45-50%.

[60149] In the aggregates, the non-embryonic cells, such as MAPC, may be substantially
homogeneous or be found in less than substantially homogeneous form. Purity, therefore, in

the aggregate can vary as above, Furthermore, other cell types can be mixed in when forming

the aggregates.

[00150] In methods in which the aggregate is subjected fo differentiation conditions fo
produce sore of the differentiated cell types discussed in this application, many, if not most
of those conditions are available to those of ordinary skill in the art. See for example, Mays
et al., Expert Opinion Biol Ther 2:173-184 (2007} and links therein to differentiation
protocols; hepatocytes {Jf Clin Invest 109:1291-302; hematopoietic {(J/ Exp Med 204:129-39),
smooth muscle (7 Clin Invest 116:3139-3149 (2006)). These differentiation conditions are
incorporated herein by reference. Many differentiation conditions are in U.8, 7,015,037 and

Mays et al. (above), incorporated by reference for these protocols.

[00151] One protocol for forming the aggregates is using DMEM-low glucose, MCDB,
2% Fetal Calf Serum, PRGE-BB, EGF, LIF, BSA, insulin-selenium-transferrin (ITS), linoleic
acid and lipid mixture and 5% Oxygen. It may be preferable to use conditions that enhance
expression of oct3/4 transcription factor, for example, at the levels expressed in MAPCs in

2D (adherent) cultures.

Aggregation Methods

[00152] There are at least two methods to form the aggregates: {a) hanging drop (surface
tension based method); and (b) forced apgregation (physically centrifuging cells at 1500 pm,
4 minutes onto the bottom of 96 well Ulma-low attachment U bottom plate {(Coming).
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Although both methods are usable to form aggregates, the hanging drop methed is more cost-
effective to produce largs number of aggregates. Other ways include stirred suspension or
growth in a non-attachment plate/flask. Other potential methods of forming controlled-size

aggregates would be methods such as microcontact printing.

[00153] These methods are illustrated below in the following citations, which are hereby

incorporated by reference for teaching various non-adherent cell cuiture methods.

[00154] Dang et al, “Efficiency of embryoid body formation and hematopoietic

development from embryonic stem cells in different culture systems” Biotechnology and

Bioengineering 78: 442-453 ( 2002).

[00155] Kouono et al,, “Formation of embryoid bodies by mouse embryonic stem cells on

plastic surfaces” Journal of Bioscience and Bioengineering 100:88-93 (2005).

[00156] Ng et al, :Forced aggregation of defined numbers of human erabryonic stem cells
into embryoid bodies fosters robust, reproducible hematopoietic differsntiation

Conumentary” Blood 106:1601-1603 (2005) [Forced aggregation method].

[60257] Kurosawa et al, “A simple method for forming embrycid body from mouse
embryonic stem cells” Journal of Bioscience and Bioengineering 96: 409-411 (2003),

[00158] Magyar et al,, “Mass production of embryoid bodies in microbeads” Annafls of the
New York Academy of Sciences 944: 135-143 (2001). {Scalable production of cell aggregates

as microbeads].

[00159] Hopil et al., “Differentiating smbryonic stem cells into embryoid bodies” Methods
Mol Biol 254:79-98 (2004) [Hanging drop method].

{00160] Cameron et al,, “Improved development of human embryonic stem cell-derived

embryoid bodies by stirred vessel cultivation” Biotechnol Bioeng 94:938-948 (2006)

[Stirred-suspension culture system],

[00161] Wang et al, “Scalable producing embryoid bodies by rotary cell culture system
and constructing engineered cardiac tissue with ES-derived cardiomyccytes in vitro”

Biotechnol Frog 22:811-818 (2006) [Rotary suspension systems].

[00162] Yang et al, Biomacromolecules 8, 9, 2746-2752 (2007} [Use of temperature
sensitive hydrogel].
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[00163] Torisawa et al,, “Lab on a Chip” 7:770-776 (2007) [Use of microfluidics for

efficient EB size formation].

[00164] The aggregates can be formed with a starting cell number greater than 100, A
maximum of 4000 cells have been used fo form a single aggregate over 4 days of Hanging
drop/Forced aggregation method.  Starting from 1000 cells, the aggregates had an
approximate number of 6600 cells/aggregate {counted by trypan blue exclusion method) after
4 days of kanging drop culture. Therefore, a useful starting range could be 100-4000 for each
aggregate with the most optimum being between 400-2000.

Stem Cells

[060165] The present invention can be practiced, preferably, using stem cells of vertchrate

species, such as humans, non-human primates, domestic animals, livestock, and other non-

bumnan mammals,

Non-Embryonic

{00166] Non-embryonic cells reported to be capable of differentiating into cell types of
more than one embryonic getm layer include, but are not limited to, cells from umbilical cord
blood (see U.S. Publication No. 2002/0164794), placenta (see U.S. Publication No.
2003/0181269; umbilical cord mattix (Mitchell et al, Stem Cells, 21:50-60, 2003), small
embryonic-like stem cells (Kucia et al, J Physiol Pharmace, 57 Suppl 5:5-18, 2006),
amuiotic fluid stem cells (Atala, A., J Tissue Regen Med 1:83-96, 2007), skin-derived
precursors (Toma et al,, Nat Cell Biol 3:778-784, 2001), adipose tissne (U.8, 2005/0153442),
gastrointestinal stem cells, epidermal stem cells, and hepatic stem cells, which also have been
termed “oval cells” (Potten et al,, Trans R Soc Lond B Biol Sci 353:821-830 (1998); Watt, F.,
Trans R Soc Lond B Biol Sci 353:831 (1997); Alison et al., Hepatology 29.678-683 (1998),
and bone marrow (see U.S. Publication Nos. 2003/0059414 and 2006/0147246), each of

which is incorporated by reference herein for tcaching these cells.

Sirategies of Reprogramming Somatic Cells

[00167] Several different strategies, such as nuclear fansplantation, cellular fusion, and
culture induced reprogramming, have been employed fo induce the conversion of
differentiated cells into an embryonic state, The references cited below are incorporated by

reference for teaching how fo make these cells and describing them.
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[00168] Nuclear transfer involves the injection of a somatic nucleus into an envcleated
oocyte, which, upon transfer into a surrogate mother, can give rise to a clone (“reproductive
cloning™), or, upon explantation in culture, can give rise to genetically matched embryonic
stem (ES) cells (“somatic cell nuclear transfer,” SCNT). Cell fusion of somatic cells with ES
cells results in the generation of hybrids that show all featurss of pluripotent ES cells.
Explantation of somatic cells in culture selects for immortal cell lines that may be pluripotent
or multipotent, At present, spermatogonial stem cells are the only source of pluripotent cells
that can be derived from posinatal apimals. Transduction of somatic cells with defined
factors can initiate reprogramming to a pluripotent state, These experimental approaches
have been extensively reviewed (Hochedlinger and Jaenisch, Nafure 441:1061-1067 (2006)
and Yamanaka, 8., Cell Sten Cell 1:39-49 (2007)).

Nuclear Transfer

[00169] Nuclear transplantationn (NT), also referred to as somatic cell nuclear transfer
{SCNT), denotes the introduction of a nucleus from a donor somatic cell into an enucleated
vocyte to generate a cloned animal (Wilmut et al, Nafure 385:810-813 (1997). The
generation of live animals by NT demonstrated that the epigenetic state of somatic cells,

including that of terminally differentiated cells, can be reprogrammed to an embryonic state,

Fusion of Somatic Cells and Embryonic Stem Cells

[00170] Epigenetic reprogramming of somatic nuclei to an undifferentiated state has been
demonstrated by fusion of embryonic cells with somatic cells. Hybrids between various
somatic cells and embryonic carcinoma cells (Solter, D., Nat Rev Genet 7:319-327 (2006),
embryonic germ (EG), or ES cells (Zwaka and Thomson, Development 132:227-233 (2005))
share many featores with the parental embryonic cells, indicating that the pluripotent
phenotype i3 dominant in such fusion products, As with mouse {Tada et al., Curr Bio/
11:1553-1558 (2001)), human ES cells have the potential to reprogram somatic nuclei after
fusion (Cowan et al, Science 308:1369-1373{2005)); Yu et al, Science 318:1917-1920
(2006)), Activation of silent pluripotency markers, such as oct4, may oceur (Do and Scholer,
Stem Cells 22:941-949 (2004)). Forced overexpression of Nanog in ES cells promotes
pluripotency when fused with nevral stem cells (Silva et al,, Nafure 441:997-1001 (2006)),

27



Culture-Induced Reprogramming

[00171] Pluripotent cells have been derived from embryonic sources, such as blastomeres
and the inner cell mass (ICM) of the blastocyst (ES cells), the epiblast (EpiSC cells),
primordial germ cells (EG cells), and postnatal spermatogonial stem cells (“maGSCsm™ “BES-
like” cells). The following pluripotent cells, along with their donor cell/tissne is as follows:
parthogenetic ES cells are derived from murine oocytes (Narasimha et al,, Curr Biol 7:881-
834 (1997)); embryonic stem cells have-been- derived-fromy blastomeres-(Wakayama et al,,
Stem Cells 25:986-993 (2007)); inner cell mass cells (source not applicable) (Eggan et al,,
Nature 428:44-49 (2004)); embryonic germ and embryonal carcinoma cells have been
derived from primordial germ cells (Matsul ef al,, Cell, 70:841-847 (1992}, GMCS, maS8C,
and MASC have been derived from spermatogonial stem cells (Guan et al, Naiwre,
440:1199-1203 {2006); Kanatsu-Shinchara et al,, Cell 119:1001-1012 (2004); and Seandel ot
al., Nature 449:346-350 (2007)); EpiSC cells are derived from epiblasts (Brons et al., Nature
448:191-195 (2007); Tesar et al., Nature, 448:196-199(2007)); parthogenetic ES cells have
been derived from hiuman oocytes (Cibelli et al, Science 2951819 (2002); Revazova et al,
Cloning Stem Cells 9:1432-449 (2007)); human ES cells have been derived from human
blastocysts (Thomson et al., Science 282:1145-1147 (1998)); MAPC have been derived from
bone matrow (Jiang et al, Nature, 418:41-49 (2002); Phinney and Prockop, Stem Cells
25:2896-2902 {2007)); cord blood: cells (derived from cond blood) (van-de Ven et al., Exp
Hematol 35:1753-1765 (2007)); neurosphere derived cells derived from neural cell (Clarke et
al., Science, 288:1660-1663 (2000)}. Donor cells from the genm cell lineage such as PGCs or
spermatogonial stem cells are known to be unipotent in vivo, but it has been shown that
pluripotent ES-like cells (Kavatsu-Shinohara et al., Cell, 119:1001-1012 (2004) or maGSCs
{Guan et al., Nafure 440:1199-1203 (2006), can be isolated after prolonged in vitro culture,
While most of these pluripotent cell types were capable of in vifro differentiation and
teratoma formation, only ES, EG, EC, and the spermatogonial stem cell-derived maGCSs or
ES-like cells were pluripotent by more stringent criteria, as they were able to form postnatal
chimeras and contribute fo the germliine. Recently, multipotent adult spermatogonial stem
cells (MASCs) were derived from testicular spermatogonial stem cells of adulf mice, and
these cells had an expression pmﬁle different from that of ES cells (Seandet et al.,, Nature
449:346-350 (2007)) but similar to EpiSC cells, which were derived from the epiblast of
postimplantation mouse embryos (Brons et al, Nafure 448:191-195 (2007); Tesar et al,

Nature 448:196~-199 (2007)).
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Reprogramming by Defined Transcription Factors

[00172] Somatic cells can be reprogrammed to an ES-like state (Takahashi and Yamanaka,
Cell 126:663-676 (2006)). Mouse embryondc fibroblasts (MEFs) and adult fibroblasts were
programmed fo plaripotent ES-like cells by transduction of octd, sox2, c-mye, and Kif4.
Cells were called iPS (induced pluripotent stem) cells. While genetic experiments had
established that Oct4 and Sox2 are essential for phuwipotency (Chambers and Smith,
Oncogene 23:7150-7160 (2004); Ivanona et al., Nature 442:5330538 (2006); Masui et al,,
Nat Cell Biol $.625-635 (2007)), c-myc and KIf4 may be dispensable (Nakagawa et al., Nat
Biotechnol 26:191-106 (2008); Werning ef al., Nature 448:318-324 (2008); Yu et al,, Science

318: 1917-1920 (2007)).

MAPC

[00173] An exemplary cell of the present invention has been designated “MAPC.” MAPC
is an acronym for “multipotent adult progenitor cell” (ron-ES, non-EG, non-germ) that has
the capacity to differentiate into cell types of all three primitive germ layers (ectoderm,
mesoderm, and endoderm). Genes found in ES cells also have been found in MAPCs (e.g.,
telomerase, Oct 3/4, rex-1, rox-1, sox-2). Oct 3/4 {Oct 3A in humans) appeats to be specific
for BS and germ cells, MAPC represents a more primitive progenitor cell population than
MSC and demonstrates differentiation capability encompassing the epithelial, endothelial,
newral, myogenic, hematopoietic, ostcogenic, hepatogenic, chondrogenic and adipogenic
lineages (Verfaillie, C.M., Trends Cell Biol 12:502-8, 2002, Jahsgirdar et al., Exp Hematol
29:543-56, 2001; Reyes and Verfaillie, Ann N Y Acad Seci 938:231-233, 2001; Hang et al,,
Exp Hematol 30896-904, 2002; and Jiang et al., Nature 418:41-9, 2002). MAPCs thus
emulate the broad biological plasticity characteristic of ES cells, while maintaining the other
characteristics that make non-embryonic stem cells appealing (e.g., normal karyotype and

does not form teratomas).

[00174] Human MAPCs are described in U.S. Patent 7,015,037 and Application No.
10/467,963, the contents of which are incorporated herein by reference for their description
of MAPCs, MAPCs have been identified in other mammals, MAPCs can be isolated from
multiple sources, including, but not limited to, bone marrow, placenta, wmbilical cord and

cord blood, muscle, brain, liver, spinal cord, blood and skin.
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Isolation and Growih of MAPCs

[00175}  Prior to forming aggregates, MAPCs can be isolated and culinred using methods
disclosed herein and in U.S. Patent 7,015,037, which is incorporated by reference herein for

these methods,

[00176] In addition, the density at which MAPCs are cultured can vary from about 100
cells/em? to about 150 cells/om® to about 10,000 cells/om?, inchuding about 200 cells/om® to
about 1500 cells/om® to about 2000 cellsfor®. The density can vary between species.
Additionally, optimal density can vary depending on culture conditions and source of cells. It
is within the skill of the ordinary artisan to determine the optimal density for a given set of

culture conditions and cells,

[00177] Also, effective atmospheric oxygen concentrations of less than about 10%,
including about 3-5%, can be used at any time during the isolation, growth and

differentigtion.

[00178] In an embodiment specific for MAPCs, supplements are cellular factors or
components that allow MAPCs to refain the ability to differentiate into all three lineages.
Thiz may be indicated by the expression of specific markers of the undifferentiated state,
MAPCs, for example, constitutively express Oct 3/4 (Oct 3A) and maintain high levels of
tefomerase. Assays for monitoring gene expression are well known in the art (e.g., RT-PCR)

and can be conducted using standard methodology.

Cell Culture

[00179] Cells may be cultured in low-serum or serum-free culture medium. Serum-free
medium used o culture MAPCs is described in U.5, Patent 7,015,037, Many celis bave been
" grown in serum-free or low-serum medium. In this case, the medium is supplemented with
one or more growth factors, Commonly used growth factors include, but are not limited to,
bone morphogenic protein, basic fibroblast growth factor, platelet-derived growth factor and
epidermal growth factor. See, for example, U.S. Patent Nos. 7,169,610; 7,109,032;
7,037,721; 6,617,161; 6,617,159; 6,372,210;6,224,860; 6,037,174; 5,908,782; 5,766,951,
5,397,706; and 4,657,%66; all incorporated by reference herein for feaching growing cells in

serum-free medium.,

[00180] Methods of identifying and subsequently separating differentiated cells from their
undifferentiated counterparts can be carried out by methods well known in the art. Cells that

30



have been induced to differentiate using methods of the present invention can be identified by
selectively cultmring cells under conditons whereby differentiated cells ouﬁzumber
undifferentiated cells. Similarly, differentiated cells can be identified by morphological
changes and characteristics that are not present on thelr undifferentiated counterparts, such as
cell size and the complexity of intracellular organelle distribution. Also contemplated are
methods of identifying differentiated cells by their expression of specific cell-surface markers
such as cellular receptors and iransmembrane profeins. Monoclonal antibodies against thess
cell-surface markers can be used to identify differentiated cells. Detection of these cells can
_be achieved through fluorescence activated cell sorting (FACS) and enzyme-linked
immunosorbent assay (ELISA). From the - standpoint of transcriptional upregulation of
specific genes, differentiated cells often display levels of gene expression that are different
from undifferentiated cells. Reverse-transcription polymerase chain reaction, or RT-PCR,
also can be used to monitor changes in gene expression in response to differentiation. Whole

genome analysis using microarray techuology also can be used to identify differentiated cells,

[00181] Accordingly, once differentiated cells are identified, they can be separated from
their undifferentiated counterparts, if necessary, ‘I'he methods of identification detailed above
also provide methods of separation, such as FACS, preferential cell culture methods, ELISA,
magnetic beads and combinations thereof. One embodiment of the present invention

conteraplates the use of FACS {fo identify and separate cells based on cell-surface antigen

expression.

Pharmaceutical Formulations

[00182] Any of the cells produced by the methods described herein can be used in the
clinic to treat a subject. They can, therefore, be formulated into a pharmaceutical
composition. Therefore, in certain embodiments, the cells are present within a composition
adapted for and suitable for delivery, ie., physiclogically compatible. Accordingly,
compositions will often further comprise one or more buffers (¢.g., neutral buffered saline or
phosphate buffered saline), carbohydrates (e.g., glucose, mannose, sucrose or dextrans},
mannitol, proteins, polypeptides or amino acids such as glycine, antioxidants, bacteriostats,
chelating agents such as EDTA or glutathione, adjuvants (e.g., aluminum hydroxide), solutes
that render the formulation isotonic, hypotonic or weakly hypertonic with the blood of a

recipient, suspending agents, thickening agents and/or preservatives.

[00183] In other embodiments, cells are present within a composition adapted for or

suitable for freezing or storage.
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[00184] In many embodiments the purity of the cells for adminisiration to a subject is
about 100%. In other embodiments it is 95% to 100%. In some embodiments it is 85% to
95%, Particularly in the case of admixtures with other cells, the percentage can be about
10%-15%, 15%-20%, 20%-25%, 25%-30%, 30%-35%, 35%-40%, 40%-45%, 45%-30%,
60%-70%, 70%-80%, 80%-90%, or 90%-95%. Or isolation/purity can be expressed in ferms
of cell doublings where the cells have undergone, for example, 10-20, 20-30, 30-40, 40-50 or

more cell doublings.

[00185] The numbers of cells in a given volume can be determined by well known and
routine procedures and instrumentation. The percentage of the cells in a given volume of a
mixture of cells can be defermined by much the same procedures. Cells can be readily
counted manually or by using an automatic cell counter. Specific cells can be determined in
a given volume using specific staining and visual examination and by automated methods
using specific binding reagent, typically antibodies, fluorescent tags, and a fluorescence

activated cell sorter.

[00186] The choice of formulation for administering the cells for a given application will
depend on a variety of factors. Prominent among these will be the species of subject, the
nature of the disorder, dysfunction, or diseass being treated and its state and distribution in
the subject, the nature of other therapies and agents that are being administered, the optimum
route for administration, survivability via the route, the dosing regimen, and other factors that
will be apparent to those skilled in the art. In particular, for instance, the choice of suitable

carriers and other additives will depend on the exact route of administration and the pature of

the particular dosage form.

[00187] Forexample, cell survival can be an important determinant of the efficacy of cell-
based therapies. This is true for both primary and adjunctive therapies. Another concern
arises when target sites are inhospitable to cell seeding and cell growth. This may impede
access 1o the site and/or engraftment there of therapeutic cells, Various embodiments of the

mvention comprise measures to increase cell survival and/or to overcome problems posed by

barrers to seeding and/or growth.

[00188] Final formulations of the aqueous suspepsion of cells/medivm will typically
involve adjusting the ionic strength of the sugpension to isotonicity (i.e., about 0.1 to 0.2) and
to physiological pH (i.e., about pH 6.8 to 7.5). The final formulation will also typically
contain a fuld lubricant, such as maltose, which must be tolerated by the body. Exemplary

fnbricant components include glycercl, glycogen, maltose and the like. Organic polymer base
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materials, such as polyethylene glycol and hyaluronic acid as well as non- fibrillar collagen,
preferably succinylated collagen, can also act as lubricants, Such lubricants are generally
used to improve the injectability, infrudability and dispersion of the injected biomaterial at
the site of injection and to decrease the amount of spiking by modifying the viscosity of the
compositions. This final formulation is by definition the cells in a phamaceutically-

acceptable carrier.

[00189] The cells are subsequently placed in a syringe or other injection apparatus for
precise placement at the site of the tissue defect. The term “injectable” means the
formulation can be dispensed from syringes having a gauge as low as 25 under normal
conditions under normal pressure without substantial spiking. Spiking can cause the
composition 1o coze from the syringe rather than be injected into the tissue. For this precise
placement, needles as fine as 27 gauge (200p LD.) or even 30 gauge (150p LD.) are
desirable. The maximom particle size that can be exiruded through such needles will be 2
complex fimetion of at least the following: particle maximum dimension, particle aspect ratio
(lengthewidth) , particle rigidity, surface roughness of particles and related factors affecting
particle:particle adhesion, the viscoelastic properties of the suspending fluid, and the rate of
flow through the needle, Rigid spherical beads suspended in a Newtonian fluid represent the

simplest case, while fibrous or branched particles in a viscoelastic fluid are likely to be more

complex.

[001906] The desired isotonicity of the compositions of this invention may be accomplished
using sodium chloride, or other pharmaceutically-acceptable agents such as dextrose, boric
acid, sodium iartrate, propylene glycol, or other inorganic or orgamic solutes, Sodium

chloride is preferred partioulasly for buffers containing sodium ions.

[00191] Viscosity of the compositions, if desired, can be maintained at the selected level
using a pharmaceutically-acceptable thickening agent. Methyleellulose is preferred becanse
it is readily and econonuically available and is easy to work with. Other suitable thickening
agents include, for example, xanthan gum, carboxymethyl cellulose, hydroxypropyl cellulose,
carbomer, aud the like. The preferred concentration of the thickener will depend upon the
agent selected. The important point is fo use an amount, which will achieve the selected

viscosity, Viscous compositions are normally prepared from solutions by the addition of

such thickening agents.

[00192] A pharmaceutically-acceptable preservative or stabilizer can be employed to

increase the life of cell/medivmm compositions. If such preservatives are included, it is well
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within the purview of the skilled artisan to select compositions that will not affect the

viability or efficacy of the cells,

[00193] ‘Those skilled in the art will recognize that the components of the compositions
should be chemically inert. This will present no problem to those skilled in chemical and
pharmaceutical principles. Problems can be readily avoided by reference to standard texts or
by simple experiments (not involving undue experimentation) using information provided by

the disclosure, the documents cited herein, and generally available in the art.

[00194] Sterile injectable solutions can be prepared by incorperating the cells utilized in
practicing the present invention in the required amount of the appropriate solvent with

various amounts of the other ingredients, as desired.

[00195] In some embodiments, cells are formulated in a unit dosage injectable form, such
as a solution, suspension, or emulsion, Pharmaceutical formulations suitable for injection of
cells typically are sterile aqueous sofutions and dispersions. Carriers for injectable
formulations can be a solvent or dispersing medium containing, for example, water, salineg,
phosphate buffered saline, polyol (for example, glycerol, propylene glycol, liquid
polyethylene glyeol, and the like), and suitable mixtures thereof.

[00196] The skilled artisan can readily determine the amount of cells and optional
additives, vehicles, andfor camrier in compositions to be administered in metheds of the
invention. Typically, any additives (in addition to the cells) are present in an amount of
0.001 to 50 wt % in solution, such as in phosphate buffered saline, The active ingredient is
present in the order of micrograms fo milligrams, such as about 0.0001 to about § wt %,
preferably about 0.0001 to about 1 wt %, most preferably about 0.0081 to about 0.05 wt % or
about 0,001 to about 20 wt %, preferably about 0.01 o about 10 wt %, and most preferably

abont 0.05 to ahout 5 wit %.

[00197] In some embodiments cells are encapsulated for administration, particularly where
encapsulation enbances the effectiveness of the therapy, or provides advantages in handling
and/or shelf life. Encapsulation in some embodiments whers it increases the efficacy of cell

mediated immunosuppression may, as a result, also reduce the need for immunosuppressive

drug therapy.

[00198]  Also, encapsulation in some embodiments provides a barrier fo a subject’s immune

system that may further reduce a subject’s immune response to the cells (which generally are
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not immunogenic or are only weakly immunogenic in allogeneic transplants), thereby

reducing any graft rejection or inflammation that might occur upon administration of the

cells,

[00199] Cells may be encapsulated by membranes, as well as capsules, prior fo
implantation. Itis contemplated that any of the many methods of cell encapsulation available
may be employed. In some embodiments, cells are individually encapsulated. In some
embodiments, many cells are encapsulated within the same membrane. In embodiments in
which the cells are to be removed following implantation, a relatively large size structure
encapsulating many cells, such as within a single membrane, may provide a convenient

means for retrieval.

[00200] A wide variely of materials may be used in various embodiments for
microencapsulation of celfs. Such materials include, for example, polymer capsules,
alginate-poly-L-lysine-alginate microcapsules, barium poly-L-lysine alginate capsules,
barium alginate capsules, polyacrylonitrile/polyvinylchloride (PAN/PVC) hollow fibers, and
polyethersulfone (PES) hollow fibers.

{00201} Techniques for microencapsulation of cells that may be used for administration of
cells are known to those of skill In the art and are described, for example, in Chang et al.,
1999; Matthew et al., 1991; Yanagi et al., 1989; Cai et al.,, 1988; Chang, T.M,, 1992 and in
U.S. Patent No. 5,639,275 (which, for example, describes a biocompatible capsule for long-
term maintenance of cells that stably express biclogically active molecules. Additional
metheds of encapsulation are in Buropean Patent Publication No. 301,777 and U.S. Pat. Nos.
4,353,888; 4,744,933; 4,749,620, 4,814,274; 5,084,350; 5,089,272, 5,578,442, 5,639,275,
and 5,676,943, All of the foregoing are incorporated herein by reference in parts pertinent to

encapsulation of cells.

[00202] Certain emboediments incorporate cells into a polymer, such as a biopolymer or
synthetic polymer, Examples of biopolymers include, but are not limited fo, fibronectin,
fibrin, fibrinogen, thrombin, collagen, and protevglycans. Other factors, such as the
cytokines discussed above, can also be incorporated into the polymer. In other embodiments
of the invention, cells may be incorporated in the interstices of a three-dimensional gel. A
large polymer or gel, typically, will be surgically implanted. A polymer or gel that can be
formulated in small enough particles or fibers can be administered by other commeon, more

convenient, non-surgical routes,
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{00203] Inthe case of treating liver deficiency, in particular, the cells may be enclosed ina
device that can be implanted in a subject. Cells can be implanted in or near the Iiver or

elsewhere to replace or supplement liver function. Cells can also be implanted without being

in a device, e.g., in existing liver tissue.

Dosin

[00204] Compositions can be administered in dosages and by techniques well known to
those skilled in the medical and veterinary arts taking into consideration such factors as the
age, sex, weight, and condition of the particular patient, and the formulation that will be
administered (e.g., solid vs. liquid}. Doses for humans or other mammals can be determined
without undue experimentation by the skilled artisan, from this disclosure, the documents

cited herein, and the knowledge in the art.

[00205] The dose of cells appropriate to be used in accordance with various embodiments
of the invention will depend om numerous factors. It may vary considerably for different
vircumstances, The parameters that will determine optimal doses fo be administered for
primary and adjunctive therapy generally will include some or all of the following: the
disease being treated and its stage; the species of the subject, their health, gender, age,
weight, and metabolic rate; the subject’s immunocompefence; other therapies being
administered; and expected potential complications from the subject’s history or genotype.
The parameters may also include: whether the cells ars syngeneic, autologous, allogeneie, or
xenogeneic; their polency (specific activity); the site and/or distribution that must be targeted
for the cells to be effective; and such characteristics of the site such as accessibility to cells
and/or engrafiment of cells. Additional parameters include co-administration with other
factors (such as growth factors and cytokines). The optimal dose in a given situation also
will take into consideration the way in which the cells are formulated, the way they are
administered, and the degree to which the cells will be localized at the target sites following
administration, Finally, the determination of optimal dosing necessarily will provide an
effective dose that is neither below the threshold of maximal beneficial effect nor abave the
threshold where the deleterious effects associated with the dose outweighs the advantages of

the increased dose.

[00206] The optimal dose of cells for some embodiments will be in the range of doses used
for aufologows, mononuclear bone marrow transplantation. For fairly pure preparations of
cells, optimal doses in various embodiments will range from 10 to 10° cells/kg of recipient

mass per administration. In some embodiments the optimal dose per adminisiration will be

36



between 10° to 107 cells’kg. In many embodiments the optimal dose per adminisiration will
be 5 x 10° to 5 x 10° cells’kg. By way of reference, higher doses in the foregoing are
analogous to the doses of nucleated cells used in antologows mononuclear bone marrow
transplantation. Some of the lower doses are analogous to the number of CD34" cellsfkg

used in autologous mononuclear bone marrow transplantation.

[00207] It is to be appreciated that a single dose may be delivered all at once, fractionally,
or continuously over a period of time, The entive dose also may be delivered to a single

Iocation or spread fractionally over several locations.

[06208] In vadous embodiments, cells may be administered in an initial dose, and
thereafter maintaivced by further administration. Cells may be administered by one method
initially, and thereafier administered by the same method or one or more different methods,
The levels can be maintained by the ongoing administration of the cells. Various
embodiments administer the cells either initially or to maintain their level in the subject or
both by intravenous injection, In a variety of embodiments, other forms of administration,

are used, dependent upon the patient's condition and other factors, discussed elsewhere

herein,

{00209} It is noted that human subjects are treated generally longer than experimental
animals; but, treatment generally has a length proportional to the length of the disease process
and the effectiveness of the treatment. Those skilled in the art will take this info account in
using the results of other procedures carried out in bumans andfor in animals, such as rats,
mice, non-human primaies, and the like, to determine appropriate doses for bumans. Such
determinations, based on these considerations and taking info account guidance provided by

the present disclosure and the prior art will enable the skilled arlisan to do so without undue

experimentation.

[00210} Suitable regimens for initial administration and further doses or for sequential
administrations may all be the same or may be variable. Appropriate regimens can be

ascertained by the skilled artisan, from this disclosure, the documents cited herein, and the

knowledge in the art.

{00211] The dose, frequency, and duration of treatment will depend on many factors,
including the nature of the disease, the subject, and other therapies that may be administered.

Accordingly, 8 wide variety of regimens may be used to administer the cells/medium,
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[06212] In some embodiments cells are administered to a subject in one dose. In others
cells are administered to a subject in a series of two or more doses in succession. In some
other embodiments wherein cells are administered in a single dose, in two doses, and/or more
than two doses, the doses may be the same or different, and they are administered with equat

or with unequal intervals between them,

{00213] Cells may be administered in many frequencies over a wide range of times, In
sorne embodiments, they are administered over a period of less than oune day. In other
embodiment they are administered over two, three, four, five, or six days. In some
embodiments they are administersd one or more times per week, over a period of weeks. In
other embodiments they are administered over a period of weeks for one to several months.
In various embodiments they may be administered over a pegiod of months. In others they
may be administered over a period of one or more years. Generally lengths of treatment will
be proportional to the length of the disease process, the effectiveness of the therapies being

applied, and the condition and response of the subject being treated.

Uses

[00214] Useful cells are in aggregate form or in cells derived from the aggregate. Large
numbers of cells can be produced by aggregation methods but the cells that are further used
can be removed, e.g., dis-aggregated or dispersed from the aggregate. So, for cxample,
pharmacentical compositions can comprise the cells in aggregate form or derived from the
aggregate (e.g., by dispersion).  Likewise, differentiation factors can be applied to the cells
in aggregate form or to cells derived from the aggregate, Pharmaceutical compositions can,
therefore, be made with differentiated cells formed by applying differentiation conditions to
the aggregate or to cells derived from the aggregate. Further, clinical uses described below
pertain to the in vivo use of the undifferentiated aggregates and undifferentiated cells derived
from the aggregates as well as differentiated progeny of the aggregates and differentiated
progeny of cells derived from the aggregates. Undifferentiated cells are useful, like their
differentiated progeny, because they may give rise fo those progeny in vivo.
{Undifferentiated cells may be useful even when they do not differentiate, for other beneficial

purposes, such as angiogenic, immunomodulatory, cytogenic, trophic, ete.).

[00215] The aggregated cells or cells derived from the aggregates may have the capacity to
be induced to differentiate to fonm at least one differentiated cell type of mesodermal,

neurectodermal and endodermal origin. For example, the cells may have the capacity fo be
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induced to differentiate fo form cells of at least osteoblast, chondrocyte, adipocyte, fibroblast,
marrow stroma, skeletal muscle, smooth muscle, cardiac muscle, endothelial, epithelial,

hematopoietic, glial, nevropal or oligodendrocyte cell type.

[00216] The invention further provides differentiated cells obtained from the cells
described above, wherein the progeny cell may be a bone, cartilage, adipocyte, fibroblast,
marrow stroma, skeletal muscle, smooth muscle, cardiac muscle, endothelial, epithelial,
endocrine, exocrine, hematopoietic, glial, neuromal. or oligodendrocyte cell.  The
differentiated progeny cell may be a skin epithelial cell, liver epithelial cell, pancreas
epithelial cell, pancreas endocrine cell or islet cell, pancreas exocrine cell, gut epithelium

cell, kidney epithelium cell, or an epidermal associated structure,

[06217] The cells or their differentiated progeny can be used to correct a genetic disease,
degenerative diseass, cardiovascular disease, metabolic storage disease, neural, or cancer
disease process. They can be used to produce gingiva-like material for treatment of
periodontal disease. They can be used to develop skin epithelial tissue derived from the cells
that can bo utilized for skin grafiing and plastic surgery. They can be used to enhance
muscle, such as in the penis or heart. They can be used fo produce blood ex vive for
therapeutic use, or to produce human hematopoietic cells and/or blood in prenatal or post
natal animals for human vse. They can be used as;. a therapeutic to aid for example in the
recovery of a patient from chemotherapy or radiation therapy in treatment of cancer, in the
treatment of autoimmune disease, to induce tolerance in the recipient, They can be used to

treat AIDS or other infectious diseases.

[00218] Neuroretinal cells can be used to treat blindness caused by among other things but
not limited to neuroretinal disease caused by among other things macular degeneration,

diabetic retinopathy, glaucoma, retinitis pigmentosa.

[00219] The cells or cardiomyocytes derived from the cells can be used to treat cardiac
diseases including, but not limited to, myocarditis, cardicmyopathy, heart failure, damage
caused by heart attacks, hypertension, atherosclerosis, and heart valve dysfunction. They also
can be used to treat a disease involving CNS deficits or damage, Further the stem cell, or its
neuronally differentiated progeny cell, can be used to treat a disease involving neural deficits
or degeneration including, but not limited fo, stroke, Alzheimer’s disease, Parkinson’s
disease, Huntington’s disease, AIDS-associated dementia, spinal cord injury, and metabolic

diseases affecting the brain or other nervous tissue,
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[00220] Cells or their differentiated progeny, such as stromal cells, can be used fo support
the growth and differentiation of other cell types in vive or in viiro, including, but not limited
to, hematopoietic cells, pancreatic islet or beta cells, hépatocytes, and the like. The cells or
differentiated cartilage progeny, can be used fo treat a disease of the joints or cartilage,
including, but not limited to, cartilage tears, cartilage thinning, and ostecarthritis. Moreover,
the cells or their differentiated osteoblast progeny can be used to ameliorate a process having
deleterious effects on bone including, but not lmited to, bone fractures, non-healing
fractures, ostecarthritis, “holes™ i bones cause by tumors spreading to bine such as prostate,

breast, multiple myeloma, and the like.

[00221] Using appropriate growth faciors, chemokines, and cytokines, cells can be induced
to differentiate to form a number of lineages, including, for example, a variety of cells of
mesodermal phenotype, cells of neuroectodermal phenotype (glial cells, oligodendrocytes,
and neurons), and cells of endodermal phenotype. These include osteoblasts, chondroblasts,
adipocyte, cartilage and bons, skeleial muscls, smooth muscle, cardiac muscle, endothelial

cells, hematopoietic cells, stromal cells, neuronal cells, and epithelial cells.

[006222] Osteoblasts: Cells that have been induced to differentiate to form bone cells can
be used as cell therapy or for tissue regeneration in osteoporosis, Paget’s disease, bone
fracture, osteorayelitis, osteonecrosis, achondroplasia, osteogenesis imperfecta, hereditary
multiple  exostosis, wultiple  epiphyseal  dysplasia, Marfan’s  syndrome,
mucopolysaccharidosis, newrofibromatosis or scoliosis, reconstructive surgery for localized
malformations, spina bifida, hemivertebrae or fused vertebrae, limb anomalies, reconstruction

of tumor-damaged tissue, and reconstruction afler infection, such as middle ear infection.

[00223] Chondrocytes: Cells that have been induced fo differcatiate to form cartilage cells
can be used for cell therapy or tissue regeneration in age-related diseases or injuries, in
sporis-related injuries, or in specific diseases, such as rheumatoid arthritis, psoriasis arthritis,
Reiter’s arthritis, ulcerative colitis, Crohn’s disease, ankylosing spondylitis, osteoarthritis,
reconstuctive surgery of the outer ear, reconstructive surgery of the nose, and reconstrctive

surgery of the cricoid cartilage,

[00224] Adipocytes: Cells that have been induced to differentiate to form adipocytes can
be used in resculpting for reconstructive or cosmetic surgery, including but not limited to,
breast reconstruction afler mastectomy, reshaping tissue lost as a result of other surgery, such

ag tumor removal from the face or hand, breast augmentation, and reduction of wrinkles.
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Treatment of Type II diabetes is also applicable. Adipocytes thus derived can also provide an

elfective in vitro model system for the study of fat regufation.

[00225] Fibroblasts: Fibroblasts derived from the cells can be used for cell therapy or

tissue repair fo promote wound healing or to provide conneclive tissue support, such as

seaffolding for cosmetic surgery.

[00226] Skeletal muscle: Cells that have been be induced to differentiate to form skeletal
muscle cells can be used for cell therapy or tissue repair in the treatment of Duchenne
musecular dystrophy, Becker muscular dystrophy, myotonic dystrophy, skeletal myopathy,

and reconsfructive surgery to repair skeletal muscle damage.

[00227] Smooth muscle: Cells that have been induced to differentiste io form smooth
muscle cells can be used for cell therapy or tissue repair in the freatment of developmental
abnormalities of the gastrointestinal system, such as cesophageal atresia, intestinal afresia,
and intussusception, and replacement of tissues after surgery for bowel infarction or
colostorny, Smooth muscle cells can alse be used for bladder or uterine reconstruction,
neovascularization, repair of vessels damaged by, for example, atherosclerosis or aneurysm,
Suiooth muscle precursor cells (mesangial cells) can be used as an in vilro model for
glomerular diseases or for cell therapy or tissue regeneration in diabetic neuropathy. Smooth

muscle precursors can also be used fo repair macula densa of the distal convoluted tbule or

Jjoxtaglomerular tissues.

{00228] Cardiomvyocytes: Cardiomyocytes can be nsed for cell therapy or tissue repair for
treating heart tissue damaged following myocardial infarction, in conjunction with congestive
heart failure, during valve replacement, by congenital heart anomalies, or resulting from

cardiomyopathies or endocarditis.

{00229] Microglial cells: Microghial cells can be used to treat spinal cord injuries and

neurodegencrative disorders, such as Huntington’s disease, Parkinson’s disease, multipie

sclerosis, and Alzheimer’s disease, as well as repair of tissues damaged during infectious
disease affecting the central nervous system. Microghial cells that have been genetically
altered to produce cytokines can also be used for transplantation for the treatment of
infections disease in the central nervous system whers aceess is limited due to the blood-brain
barrier. Glial cells can also be used to produce growth factors or growth factor inhibitors for
regeneration of nerve tissue after stroke, as a consequence of multiple sclerosis, amylotropic

lateral sclerosis, and brain cancer, and for regeneration after spinal cord injury.
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100230] Stromal cells: Stromal cells can be used as transplant cells for post-chemotherapy

bone marrow replacement and bone marrow transplantation.

[00231] Endothelial cells: Endothelial cells can be used in the treatment of Factor VIII
deficiency and to produce anglogenesis for neovascularization. Endothelial cells can also
provide an in vitro model for tumor suppression using angiogenic inhibitors, as well as an in

vitro model for vasollitis, hypersensitivity and coagnlation disorders.

[00232] Hematopoietic cells: Hematopoietic cells can be used fo repopulate the bone
marrow after high-dose chemotherapy, Hematopoietic cells derived from the cells of the
aggregate can be further differentiated to form blood cells to be stored in blood banks,
alleviating the problem of a limited supply of blood for transfusions.

[00233] Neuroectodermal cells: Microglial cells can be used to treat spinal cord injuries
and neurodegenerative disorders, such as Huntington’s disease, Parkinson’s disease, multiple
sclerosis, and Alzheimer’s disease, as well as repair of tissues damaged during infectious
disease affecting the central pervous systern. Microglial cells that have been genetically
altered to produce cytokines can alse be nsed for tansplantation for the treatment of

infectious disease in the cential nervons system where aceess is limited due to the blood-brain
barrier. Glial cells can also be used to produce growth factors or growth factor inhibitors for
regeneration of nerve tissue after stroke, as a consequence of nmltiple sclercsis, amylotropic
Iateral sclerosis, and brain cancer, as well as for regeneration after spinal cord injury, Cells
indoced to form oligodendrocytes and astrocytes, for example, can be used for transplant into
demyelinated tissues, especially spinal cord, where they function fo myelinate the
surrounding nervous tissues. The cells also can be used in cell replacement therapy and/or
gene therapy to treat congenifal neurodegenerative disorders or storage disorders such as, for
instance, mucopolysaccharidosis, leukodystrophies (globoid-cell leukodystrophy, Canavan’s
disease), fucosidosis, GM2 gangliosidosis, Niemann-Pick, Sanfilippo syndrome, Wolman’s
disease, and Tay Sachs. They can also be used for traumatic disorders such as stroke, CNS
bleeding, and CNS trauma; for peripheral nervous system disorders such as spinal cord injury
or syringomyelia; for retinal disorders such as retinal detachment, macular degeneration and

other degenerative retinal disorders, and diabetic retinopathy.

[00234] Ectodermal epithelial cells: Cells can be used in cell replacement therapy and/or
gene therapy to treat or alleviate symptoms of skin disorders such as alopecia, skin defects

such as burn wounds, and albinism.
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[00235] Endodermal epithelial cells: FEpithelial cells can be used in cell replacement
therapy andfor gene therapy to treat or alleviate syraptoms of several organ diseases. The
cells could be used to treat or alleviate congenital liver disorders, for example, storage
disorders such as mucopolysaccharidosis, leukodystrophies, GM2 gangliosidosis; increased
bilirubin disorders, for instance Crigler-Najjar syndrome; ammonia disorders, such as inbom
errors of the urea-cycle, for instance omnithine decarboxylase deficiency, citrullinemia, and
arginosuccinic aciduria; inborn erors of amino acids and organic acids, such as
phenylketonuria, hereditary tyrosinemia, and alpbal-antitrypsin deficiency; and coagulation
disorders such as factor VIII and IX deficiency. The cells can also be used to treat acquired
liver disorders that result from viral infections. The cells can also be used in ex vivo
applications, such as fo generate an artificial liver, to produce coagulation factors and to
produce proteins or enzymes generated by liver epithelivm. The epithelial cells can also be
used in cell replacement therapy and/or gene therapy to treat or alleviate symptoms of biliary
disorders, such as biliary cirthosis and biliary atresia. The epithelial cells can also be used in
cell replacement therapy and/or gene therapy to treat or alleviate sympfoms of pancreatic
disorders, such as pancreatic atresia, pavcreas inflammation, and alphal-antitrypsin
deficiency. Further, as pancreatic epithelum, and as nenral cells can be made, beta-cells can
be generated. These cells can be used for the therapy of diabetes (subcutaneous implantation
or infra-pancreas or intra-liver implantation. Further, the epithelial cells can also be used in
cell replacement therapy and/or gene therapy to treat or alleviate symptoms of gut epithelinm

disorders such as gut atresia, inflammatory bowel disorders, bowel infarcts, and bowel

resection.

[00236] Cells Are Useful For Tissue Repair: Cells can also be used for tissue repair. Cells
can be implanted jnto bone to enhance the repair process, to reinforce weakened bone, or fo
resurface joints. Chondrocytes can be injected into joints to resurface joint cartilage. Caplan
et al (U. 8. Patent No. 5,855,619) describe a biomatrix implant including a contracted gel
matrix into which mesenchymal stem cells have been incorporated. The implant is designed
for repair of a tissue defect, especially for injury to tendon, ligament, meniscus, or muscle.
Cartilage, for example, can be formed by the addition of chondrocytes in the immediate area
around a porous, 3-dimensional scaffold made, for example, of collagen, symthetic
polyglycolic acid fibers, or synthetic polylactic fibers. The inventors have shown that cells of
the present invention differentiate o form chondrocytes, for example, which can be deposited
in and around a collagen, synthetic polyglvcolic, or synthetic polylactic or other scaffold

material to provide an implant fo facilitate tissue repair.
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[80237] Cells can be used to produce tissues or organs for fransplantation. Oberpenning et
al. (Nature Biotechnology 17:149-155 (1999)) reported the formation of a working bladder by
culturing muscle cells from the exterior canine bladder and lining cells from the interior of
the canine bladder, preparing sheets of tissue from these cultures, and coating a smali
polymer sphere with muscle cells on the outside and lining ceils on the inside. The sphere
was then inserted info a dog's urinary system, where it began to function as a bladder.
Nicklason et al. (Science 284: 489-493 (1999)), reported the production of lengths of vascular
graft material from cultured smooth muscle and endothelial cells. Other metheds for forming
tissue layers from cultured cells are known to those of skill in the art (ses, for example,

Vacanti et al, U. 8. Patent No, 5,855,610},

[00238] For the purposes described herein, antologous, allogeneic, or xenogeneic cells can
be administered to a patient, either in differentiated or undifferentiated form, genetically
altered or unaltered, by direct injection to a tissue site, systemically, on or around the surface

of an accepiable matrix, or in combination with a pharmaceutically-aceeptable carrer.

Model System for Studying Differentiation Pathways

[00239] The invention provides a method of using the aggregates or cells derived from the
aggregates to characterize cellular responses to biologic or pharmacclogic agents involving
contacling the cells with one or more biclogic or pharmacologic agents and identifying one or
more cellular responses to the one or more biologic or pharmacologic agents. Such agents
may have various activities. They could affect differentiation, metabolism, gene expression,
viability, and the like. The cells are useful, therefore, for e.g., toxicity testing and identifying

differentiation factors,

{60240] Cells of the present invention are useful for further research into developmental
processes, as well. Ruley et al, (WO 98/40468), for example, have described vectors and
methods for inhibiting expression of specific genes, as well as obtaining the DNA sequences
of those inhibited genes, Cells of the present invention can be treated with the vectors such
as those described by Ruley, which iuhibit the expression of genes that can be identified by
DNA sequence analysis. The cells can then be induced to differentiate and the effects of the
altered genotype/phenotype can be characterized.

[00241] Hahnetal. (Nafure 400:464-468 (1999)) demonstrated, for example, that normal
human epithelial fibroblast cells can be induced to underge tumorigenic conversion when a

combination of genes, previonsly corelated with cancer, were infroduced into the cells.
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[00242) Control of gene expression using vectors containing inducible expression clements
provides a method for studying the effects of certain gene products upon cell differentiation.
Inducible expression systems are known to those of skill in the art. One such system is the
ecdysone-inducible system described by No et al. (Proe. Natl, Acad, Sci, USA 93:3346-3351

(1996).

[00243] Cells can be used to study the effects of specific genetic alterations, toxic
substances, chemotherapeutic agents, or other agents on the developmental pathways. Tissue
culture techniques known to those of skill in the art allow mass culture of humdreds of
thousands of cell samples from different individuals, providing an opportunity to perform

rapid screening of compounds suspected to be, for example, teratogenic or mutagenic,

[060244] For studying developmental pathways, cells can be treated with specific growth
factors, cytokines, or other agents, including suspected teratogenic chemicals, Cells can also
be genetically modified using methods and vectors known in the art. Furthermore, cells can
be altered using antisense technology or treatment with proteins introduced into the cell fo
alter expression of native gene sequences. Signal peptide seguences, for example, can be
used to introduce desired peptides or polypeptides into the cells. A particularly effective
technique for introducing polypeptides and proteins into the cell has been described by Rojas,
et al., in Nature Biotechnology 16:370-375 (1998). This method produces a polypeptide or
protein product that can be introduced into the culture media and translocated across the cell
membrane to the inferior of the cell, Any number of proteins can be used in this manner to
determine the effect of the farget profein upon the differentiation of the cell, Alternately, the
technigue described by Phelan et al. (Wature Biotech. 16:440-443 (1998)) can be used to link
the herpes virus protein VP22 to a functional protein for impozt into the cell.

[00245) Cells can also be genetically engineered, by the introduction of foreign DNA or by
silencing or excising genomic DNA, fo produce differentiated cells with a defective

phenotype in order to test the effectiveness of potential chemotherapeutic agents or gene

therapy vectors,
Kits

[00246] Cells can be provided in kits, with appropriate packaging material. For example,
cells can be provided as frozen stocks, accompanied by separately packaged appropriate

factors and media, as previously described herein, for culture in normal monolayer and/or as
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aggregates in the undifferentiated state. Additionally, separately packaged factors for

induction of differentiation cau also be provided.

Differentiation to Hepatic Phenotvnes

[00247] The invention is also specifically directed to methods for culturing cells so that the
cells are induced to differentiate into cells that express a hepatocyte phenotype andfor
hepatocyte progenitor phenotype. More particularly, the invention relates to methods for
culturing cells so that the cells are induced 1o differentiate into cells that express a definitive
endodermal phenotype, & liver-committed endodermal phenotype, a hepatoblast phenotype,
and hepatocyte phenotype. The Invention is also directed 1o cells produced by the methods
of the invention. The cells are useﬁﬂ, among other things, for treatment of liver deficiency,
liver metabolism studies, and liver toxicity studies, Culture methods are described in
PCT/US08/82108, incorporated herein by reference for teaching these methods. Specific

- cultwre conditions are, for example, as in the following numbered statements:

[00248] 1. A method for inducing cells to differentiate into cells with a hepatocyte

phenotype, comprising:

(a) culturing cells with about § ng/ml to about 500 ng/ml Wnt3a and about 10 ng/ml
to about 1,000 ng/mi ActivinA;

(b) then culturing the cells of step (a) with about 1 ng/mli to about 100 ng/ml bFGF
and about 5 ng/m! to about 500 ng/ml BMP4;

{c} then culturing the cells of step (b) with about 5 ng/ml to about 500 ng/m! aFGF,
about 1 ng/ml to about 100 ng/ml FGF4 and about 2.5 ng/ml o about 250 ng/ml FGF8b; and

(d) then culturing the cells of step (¢} with about 2 ng/ml to about 200 ng/m! HGF and
about 10 ng/ml fo about 1,000 ng/ml Follistatin,

{00249] 2. The method of statement 1, wherein the cells are cultured in step (a) with
about 50 ng/ml Wat3a and abount 100 ng/ml ActivinA.

[00250] 3. The method of statement I, wherein the cells are cultured in step (b) with
about 10 ng/ml bFGF and about 50 ng/mi BMP4.

[6625%] 4. The method of statement 1, wherein the cells are cultured in step (o} with
about 50 ng/wl aFGF, about 10 ng/ml FGF4 and about 25 ng/m! FGF8b.
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[00252) 5. The method of statement 1, wherein the cells are cultured in step (d) with
about 20 ng/ml HGF and about 100 ng/ml Follistatin.

[00253] 6. A method for inducing cells to differentiate into cells with a hepalocyte

phenotype, comprising:
{a) culturing the cells with about 50 ng/m! Wnt3a and about 100 ng/ml Activina;

(b) then culturing the cells of step (a) with about 10 ng/ml bFGF and about 50 ng/mi
BMP4;

(c) then culturing the cells of step (b) with about 50 ng/ml aFGF, about 10 ng/ml
FGF4 and about 25 ng/m! FGF8b; and

{d) then culturing the cells of step (¢) with about 20 ng/ml HGF and about 100 ng/ml

Follistatin,

[00254] The starting cells can have a primitive endodermal phenotype. Subsequent steps
(&) ~ (@) can produce cells with definitive endodermal phenotype, liver-committed phenotype,

hepatoblast phenotype, and hepatocyte phenotype, respectively.

[00255] 7. The methods above, wherein the cells are cultured at one or more steps in a

medium containing a serum concentration ranging from 0% to about 2%.

[00256] 8. The method of statement 7, wherein the cells are cultured at one or more steps

in a medivm containing a serum concentration of about 2%,

{00257] - 9. The methods above, wherein the cells are cultured at one or more steps in a
medium containing about 10™ M to about 107 M dexamethasone.

[060258] 10. The method of stateraent 9, wherein the cells are culiured at one or more steps

in a medium containing about 10 M dexamethasone,

[002591 11, The methods above, wherein the cells are culiured at one or more steps for at

least four days.

[00260] 12. The method of statements above, wherein the cells that express a primitive
endodermal phenotype are cultured for about six days, the cells that express a definitive

endodermal phenotype are cultured for about four days, the cells that express a liver-
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committed endodermal phenotype are cultured for about four days, and the cells that express

a hepatoblast phenotype are cultured for about seven days.

[00261] Accordingly the invention is also directed fo methods of treating liver deficiencies
by administering the cells of the invention to a subject with the liver deficiency. Such
deficiencies include, but are not limited to, toxic liver disease, meiabolic liver disease, acute
liver necrosis, effects of acetaminophen, hemochromatosis, Wilson’s Disease, Crigler Najar,
hereditary tyrosinemia, familial infrahepatic cholestatis type 3, omithine franscarbamylase
{OTC) deficiency, and urea cycle disorder.

[00262] Further diseases include, but are not limited to, viral hepaltitis, chronic viral
hepatitis A, B, C, acute hepatitis A, B, C, D, E, cytomegalovirus and herpes simplex virus;
liver dysfunction in other infectious diseases such as, without limitation, toxoplasmosis,
hepatosplenic schistosomiasis, liver disease in syphilis, leptospirosis and amoebiasis;
metabolic diseases such as, without limitation, haemochromatosis, Gilbert’s syndrome,
Dubin-Johnson syndrome and Rotor’s syndrome; alcoholic liver disease such as, without

limitation, fatty liver, fibrosis, sclerosis and cirrhosis; and toxic liver disease,

[00263] The invention will be further described by reference to the following defailed

examples.

EXAMPLES

Example 1. Self-Assembly of Winltinotent Adult Progenitor Cells (MAPCs) and

Differentiation to the Hepatic Lineage

Backeround

[00264] Earlier studies have shown that spheroidal aggregate (3D) culture of primary
hepatocytes results in the maintenance of viability and enbancement of liver specific
functions over a long culture period. MAPC isolated from postnatal rat, mouse, and human
bone marrow can be expanded in vitro in 2D culture without senescence and can differentiate
into cells with morphological, phenotypic, and funetional characteristics of hepatocytes. The
inventors investigated the possibility that MAPCs could self-assemble into 3D aggregates and
differentiate into hepatocytes. MAPCs were successfully induced into 31 aggregates that
exhibited good viability, morphology and differentiation potential based on expression of
several endoderm markers like HNF3b, AFP, AAT, TTR and .albumin. Differentiation
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protocols for making cells witk hepatic phenotypes has uvse in cell therapies. Other
applications include use in drug toxicity studies, bioartificial liver support, tissue engineering,

and as a model system to study development and disease.

[00265] A four-step 21-day differentiation protocol was described above, optimized for
medium components, oxygen levels and extra-ceilular matrix for efficient differentiation to
cells with morphological, phenotypic, and functional characteristics of hepatocytes from
MAPCs. Time-dependent expression of endoderm genes was observed, including Gooseeoid,
CXCR4 and HNF3b early representing the progression through definitive endoderm,
followed by AFP and transthyretin corresponding fo the onset of hepatic specification, and
expression of albumin, glucose & phosphatase (G6P), and cytochrome P4350 depicting
maturation at levels expressed in fetal liver by the end of differentiation, In addition to gene
expression, protein level expression of differentiated cells was also observed by
imrmunohistochemistry for HNE3b, AFP, CKI8 and albumin and their functional nature
evaluated by albumin ELISA and PAS staining for glycogen storage.

[00266] Following this differentiation of MAFPCs in 2D monolayer, the inventiors
investigated the ability of MAPCs to self-assemble into 3D aggregates and explored the.
possibility of enhanced differentiation. MAPCs were successfully induced into 3D
aggregates that exhibited good viability, morphology, and undifferentiated phenotype i
terms of expression of high levels of oct3/4 and lack of expression of differentiated markers
when formed under “MAPC media” and 5% oxygen. The aggregates retained the ability to
undergo spontaneous multi-lineage differentiation as well as directed differentiation to the
hepatic lineage with improved expression of HNF4a, a transcription factor, DPPIV, a bile
duct protein, and CYP2B1 and G6P, functional hepatic markers in 3D compared fo their
expression in corresponding 213 differentiation. Other than the advantage of obfaining more
functionally mature differentiated cells, 3D culfure provides a unique model system for
studying nascent 3D development and can potentially help in the design of scalable culture
systems that can be monitored and controlled to enhanee differentiation.

[00267] Liver cell transplantation and cellular-based therapies are emerging as viable
clinical alternatives to whole organ transplantation as freatment therapies for acute, chronic
and metabolic liver diseases. Several stem or progenitor cells have been identified from bone
marrow, peripheral blood, cord blood, fetal and adulf liver, and embryonic stem cells with the
potential to proliferate and differentiaté into ‘hepatcocyte-like’ cells in vitro or in vive.
Multipotent Adult Progenitor Cells (MAPCs) isolated from postnatal rat, mouse and human
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bone mattow can be expanded in vitro without senescence, differentiate in vitro and in vivo,
at the single cell level, into different cell types of the three germ layer lineages. MAPCs have
the advantage of not forming teratomas when tramsplanted and can be selected from

autologous bone marrow without the need for immunosuppression.

[00268] Although MAPCs have been shown o differentiate in vitro nto albumin’CK18*
epithelial cells that secrete albumin and urea, these ‘hepatocyte-like’ cells are mot fully
differentiated, and cultures continue to have mixed heterogeneous population of cells.
Several studies have shown that spheroidal aggregate (3D) culture of primary hepatocytes
resulted in enhancement of liver specific functions over a long culture period. The inventors
investigated the ability of MAPCs to self-assemble into 3D aggregates and explored the
possibility of differentiation to the hepatic lineage.

[00269] Differentiation of MAPCs to the hepatic lineage ocours as a result of sequential
array of distinct biological events similar to modular liver development during
embryogenesis. A differentiation program of 20 days in four consecutive steps can be
applied including, formation of the definitive endoderm, specification of the ventral foregut
endoderm, enrichment of bi-potential hepatic progenitors or hepatoblasts, and maturation into
functional ‘hepatocyte-like’ cells. On treating the cells with a high dexamethasone apd
serum-free differentiation basal media containing Activin A and Wnt-3a for a pericd of 6
days, bFGF and BMP4 between days 6-10, aFGF, FG8b and FGF4 between days 10-14 and
HGP and Follistatin for the final period between 14-21 days, definitive endoderm markers
like Goosecoid and CXCR4 were transiently expressed in the first stage and progressive
increase in several endoderm markers mchuding, a-fetoprotein (AFP), transthyretin (TTR),
albumin, a-1 antitrypsin (AAT), tyrosine aminotransferase (TAT), arginase-1 and glucose-6-
phosphatase were observed at the mRNA level, Further, albumin ELISA revealed increasing
albumin levels in the medium with time, the protein level expression of albumin, AFP and
CK.18 were confirmed by immunchistochemistry, and glycogen storage was observed by
PAS staining, There was also evidence of the above protocol’s applicability in the
differentiation of human embryonic stem cells to cells expressing AFP, TTR and albumin at
the mRNA level. Although there is evidence for existence of some cells with the mature
hepatocyte phenotype in the differentiation cultures, the persistent expression of AFP and
CK 19 at later stages of differentiation and the expressﬁoﬁ of mesodermal transcripts like Ve-
Cadherin {(endothelial cell marker) and SM22 (smooth muscle marker) indicates the existence
of a mixed population of mesedermal cell types and ‘hepatocyte-like’ cells at different stages
of maturity. Hence, it is was the inventors’ interest to investigate the potential of three-
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dimensional (3D) culture systems fo facilifate the maturation of the hepatocyte precursors and
the utilization of promoter-reporter constructs for the selection of mature hepatocytes or

immature precursors from the heterogeneous cell population.

[00270] Accordingly, the inventors idenfified conditions for optimal growth of
vndifferentiated MAPCs in 3D spherical clusters and assessed their differentiation potential
to several cell types, specifically of the endodermal liweage. They found that undifferentiated
MAPCs form 3D aggregates in culture and that the 3D aggregates retain the capacity to

differentiate.
Experiment

[00271] Rat MAPC clones expressing high levels of oct3/4 were used for formation of
MAPC aggregates using either the hanging drop method (swface tension driven) or the
forced aggregation method (cenirifugation) over a period of 4 days using MAPC media,
MAPC media without LIF (leukemia inhibitory factor), or differentiation basal media in both
low and high oxvgen conditions. The starting cell number between 400-4000 cells/well was
used in both the methods. Upon characterization of the MAPC aggregates formed using flow
cytometry and quantitative real time polymerase chain reaction (QRT-PCR}, MAPC media
with LIF and low oxygen condition was optimum as oct3/4 mRNA. expression levels was
equivalent between MAPCs before and after aggregate formation and almost 90% of the
number of cells expressing in MAPCs (~79%) before aggregate formation expressed oct3/4 at
the protein level after formation of aggregates (~69%). Further, the oct3/4 mRNA lgvels
were comparable between aggregates formed using the hanging drop method or the forced
aggregation method. The agpgregates also expressed GATAS, HNE3b and Goosecoid at
levels that are comparable to expression levels in MAPCs and did not show any expression of
differentiation markers like AFP, albumin, AAT and TAT. Upon spontancous differentiation
in differentiation basal media (upon removal of LIF,PDGF and EGF), the cell aggregates
underwent spontaneous differentiation to express Nestin and Pax6 comresponding to
neuroectoderm, Flk-1 and SM22 comesponding to mesoderm and AFP and Albumin
corresponding to the enddderm germ layer. Although all of the above work was using rat
high-oct3/4 expressing MAPCs, low-oct3/4 rat MAPCs also formed aggregates with the
ability to undergo differentiation to several cell types. There is also evidence of 3D
aggregates from mouse MAPC clones that also retained the expression of oct3/4 in the
aggregates and subsequently underwent spontaneous differentiation upon tramsfer to

differentiation basal media.
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[00272]  Upon differentiation of rat high oct3/4 MAPC aggregstes vsing the protocol
optimized earlier for hepatocyte differentiation, the outcome of differentiation was
comparable to high density 2D differentiation that was performed at the same time based on
expression of hepatic markers like albumin, AFP, TTR, AAT and TAT. Therefore, it is
apparent that the 3D aggregates are capable of undergoing significant levels of differentiation
to the hepatic lineage starting from a ‘MAPC-like’ phenotype.

{066273] Functional and stroctuzal properties of the differentiated aggregates: albumin
ELISA for estimating albumin secretion rates, PAS staining for glycogen storage,
immunostaining investigating the polarization into basal, apical and lateral domains and
elucidating the ultra-stroctural characteristics nsing fransmission electron microscopy (TEMY),
In addition, the nse of these oct3/4 expressing MAPC aggregates as a potential method for

scalable expansion of MAPCs also was explored.

Materials and Methods

“MAPC Media”

[060274] MAPC media contained 60%(v/v) low glucose Dulbecco’s Modified Hagle Media
{DMEM) (11885, Gibco BRL, Carlsbad, CA, USA), 40%(v/v) MCDB-201 (M6770, Sigma},
1%(v/v) 1X insulin-transfersin-selenivm (ITS; Sigma), 1%{v/y) 1X linoleic acid bovine
serum albumin (EA=BSA; Sigma), §X 10°% M- dexamethasone (Sigma), 10 M ascorbic acid
3-phosphate (Sigma), 100 units of penicillin, 1000 units of streptomyecin, 2%(v/v) fetal
bovine serum (FBS; Hyclone, Logan, UT, USA}, 10 ng/ml mouse epidermal growth factor
(Sigma), 10 ng/ml human platelet derived growth factor (R&D systems, Minneapolis, MN,
USA), 0.54% 1X B- mercaptoethanol and 1000 uniis/ml mouse levkemia inhibitory factor.
Media was sterilized using a 22-pm filter (Millipore, Billerica, MA, USA) and was kept at

4° C for a maximum of 3-4 weeks.

Formation of MAPC Aggregates

[606275] MAPC aggregates were formed by using either the Hanging drop method or the
forced aggregation method. In the Hanging drop method; MAPCs were seeded at 100-4000
cellsiwell of a 60-well microtitre plate (Nung) in 20 pl of MAPC medium/well, The plates
were then inverted and placed in 5% oxygen 37C incubator for 4-5 days for the aggregates to
form. In the forced aggregation method, 100-4000 MAPCs/well of a 96 well U bottom Ultra-
low attachment plate (Coming) were centrifuged at 1500 rpm, 4 minutes and the cells were
allowed to aggregate in a 5% oxygen 37C incubator over the next 4-3 da;is.
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Differentiation of MAPC Aggregates

[00276] There recently was developed a four-step, 21-day differentiation protocol
optimized for medium components, oxygen levels and extra-cellular matrix for efficient
differentiation to cells with morphological, phenotypic and functional characteristics of
hepatocytes from MAPCs. The four-step protocol consisted of the following: (1) culturing
MAPCs with 50 ng/m]l Wnt3a and 100 ng/ml Activin A for six days; (2) then culturing the
cells from step (1) with 10 ng/ml bFGF and 50 ng/ml BMP4 for four days; (3) then culturing
the cells from step {2} with 50 ng/ml aFGF, 10 ng/ml FGF4 and 25 ng/ml FGF8b for four
days; and (4) then culturing the cells from step (3) with 20 ng/m] HGF and 100 ng/ml
Follistatin for seven days, In order to discriminate between hepatocyte- or biliary-like cells,
Activinn was inhibited by Follistatin, Prior 1o differentiation of the cells, undifferentiated
MAPCs were expanded at large scale until several million cells were obtained. Cells then
were plated at 50,000 — 60,000 cellsfom® in Matrigel (2%) coated wells, Initially, cells were
cultored in expansion medivm until they reached 80 — 90 % confluency 16 hours later. Then,
cells were washed twice with PBS and the medium was switched to differentiation medium,
To verify whether the addition of the cyiokines had a real hepatvcyle inducing effect,
differentiation was performed using basal differentiation mediuvm only. All cells were
cultured in low oxygen (5%) conditions in the basal differentiation medium, which consisted
of DMEM (60%), MCDB (40%), ascorbic acid (1X), penicilbin/streptomycin (1X), beta-
mercaptoethanol, insulin-transferrin-selenium (IT8) (0.25X), LA-BSA (0.25X) and
dexamethasone (10°° M), A high concentration of dexamethasone was used because some
hepatocyte specific genes (i.¢., tyrosine aminotransferase, MRP2Z and typtophan 2,3
dioxygenase) are upregulated by glucocorticoids, as they contain a glucocorticoid response
element. In the complete absence of serum, cell death oceurred. However, using Wnit3a,
differentiation was induced in serum-free conditfons. If no cytokines were added to the basal
differentiating medium, 2% serum was added until day 12 and then stopped, Because high

concentrations of dexamethasone, together with insulin, can induce adipogenesis, a lower

amount of insulin was vsed.

Examnle 2. Comparison of differentiation of rat MAPC lines RZold and 19 vnder 2D and 3D

conditions.

{00277] The goal of this study was fo demonstrate the multi-lineage differentiation
capability of MAPCs when grown and cultured as 3D aggregates. Two lines of rat MAPCs:
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R20ld and 19, were used and were maintained for a period of 16 days as 3D aggregates in
MAPC maintepance conditions: MAPC media with 5% oxygen. At the end of the 16 day
period, 3D aggregates were dissociated and replated onto fibronectin-coated dishes, similar fo
standard 2D monolayer maintenance of rat MAPCs. Subsequently, growth factor mediated
differentiation to hepatosytes, endothelial cells and neural precursor cells were performed and
the differentiations were compared to differentiations of rat MAPCs that were maintained in
2D monolayer culture during the same time period. The data in Figures 11 {A), (B) and (C)
indicate the expression of markers corresponding to the different cell types, by Quantitative-
real time (QRT}-PCR. From the data, it appeared that the cells maintained as 3D aggregates
retained the potential to uodergo multi-flineage differentiation at Jevels comparable to cells
maintained in 2D culture, Thus, MAPCs could be maintained in 3D culture without loss of

quality, thus making it amenable to scale-up in bioreactors.

[00278] It will be appreciated by those skilled in the art that changes could be made fo the
embodimenis described above without departing from the broad inventive concept thereof, It
is understood, therefore, that this invention is not limited fo the particular embodiments

disclosed, but it is intended to cover modifications that are within the spirit and scope of the

invention, as defined by the appended claims,
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Claims

A method for making an aggregate of cells, said method comprising exposing
multipotent adult progenitor cells (MAPCs), wherein said MAPCs are
characterised in that they are not embryonic stem cells, embryonic germ cells,
or germ cells, express the transcription factors oct 3/4, REX-1 and ROX-1 and
can differentiate into cell types of at least two of the endodermal, ectodermal
and mcsodermal cmbryonic lincages to conditions under which said MAPCs
aggregate, wherein the conditions comprise an oxygen concentration of 1-

10%.

The method of claim 1, further comprising disaggregating the aggregate to

producc cells derived from the aggregate.

The method of claim 2, wherein the cells derived from the aggregate are
exposed to conditions whereby the cells derived from the aggregate

differentiate.

The method of claim 1, wherein the cells in the aggregate are exposed to

conditions whereby the cells in the aggregate differentiate.

The mcthod of any claims 1-4, wherein cells in the aggregate and cclls derived
from the aggregate cxpress onc or morc of tclomerase, nanog, GATA6 and

50X-2.
The method of any claims 1-5, wherein cells in the aggregate and cells derived
from the aggregate can differentiate into cell types of all three of the

endodermal, ectodermal and mesodermal embryonic lineages.

The method of any claims 1-6, wherein the aggregate contains about 10 cells

to about 50,000 cells or more including about 1000 cells to about 5000 cells.
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The method of any of claims 1-7, wherein cells are aggregated by the hanging
drop method or forced aggregation method.
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