DIFFERENTIATED ANUCLEATED CELLS AND METHOD FOR PREPARING THE
SAME

CROSS-REFERENCE
[0001] This application claims priority from U.S. Provisional Application No. 61/082,410, entitled
Differentiated Cells and Processes for Preparing the Same, filed 21-July-2008, which is incorporated

herein by reference in its entirety.

BACKGROUND OF THE INVENTION
16002] Anucleated cells include, but are not limited to, erythrocytes and thrombocytes. Erythrocytes

and thrombocytes are derived from the differentiation of hematopoietic stem cells.

SUMMARY

[0003a] In one aspect, the present invention refers to a method of preparing a plurality of anucleated cells
comprising: culturing conditionally immortalized stem cells in the presence of an agent for inducing
* differentiation to erythrocytes; wherein the agent is IL.-3 and EPO;
wherein the conditionally immortalized stem cells were generated by:

a.transfecting a plurality of stem cells with a first vector comprising: a nucleic acid sequence encoding
a MYC molecule;

b.transfecting the stem cells with a second retroviral vector comprising a nucleic acid sequence
encoding Bel-2 Bel-X, or a combination thereof; and

c.culturing stem cells with I1.-3, IL-6, stem cell factor, thrombopoietin, Flt3 ligand,
or a combination thereof:

and wherein the activity of the Myc molecule has been suppressed before differentiation.

[0003} Disclosed herein, in certain examples , is a method of preparing a plurality of anucleated
cells comprising: culturing conditionally immortalized stem cells in the presence of at least one
cytokine that directs differentiation toward an anucleated cell; wherein the conditionally
immortalized stem cells are generated by: (a) transfecting a plurality of stem cells with a first vector
comprising: a nucleic acid sequence encoding a MY C molecule; (b) transfecting the stem cells with a
second retroviral vector comprising a nucleic acid sequence encoding Bel-2, Bel-X, or a combination
thereof; and (c) culturing the stem cells with IL-3, IL-6, stem cell factor, thrombopoietin, Flt3 ligand,
or a combination thereof; and wherein the activity of the Myc molecule has been suppressed before
differentiation. In some examples, the cytokine that directs differentiation toward an anucleated cell

is IL-3, EPO, or a combination thereof. In some examples , the MYC

1



molecule is c-Myc, 1-Mye, n-Mye, s-Myc, or a combination thereof. In some examples , the first
vector further comprises the hormone-binding domain of the human estrogen receptor. In some
examples , the method further comprises inducing translocation of the Myc molecule to a nucleus. In
some examples , the method further comprises contacting the plurality of stem cells with: estradiol
(E2), 4-hydroxytamoxifen (4-OHT), or both. In some examples , the first vector, the second vector,
or both the first vector and the second vector is Murine Stem Cell Virus (MSCV), or a derivative
thereof. In some examples , the first vector, the second vector, or both the first vector and the second

vector is MSCV- (IRES)-GFP, or a derivative thereof. In some examples , the first vector, the second
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vector, or both the first vector and the second vector is MSCV- (IRES)-GFP, and further comprises
woodchuck hepatitis B virus RNA regulatory element (WRE).

[0004a] In one aspect, the present invention refers to a method of producing a plurality of anucleated
cells, comprising: culturing conditionally immortalized stem cells in the presence of an agent for
inducing differentiation to erythrocytes; wherein the agent is IL-3 and EPO;
wherein the conditionally immortalized stem cells were generated by:

a. contacting a plurality of stem cells with an exogenously synthesized first peptide
comprising: a MY C molecule that translocates to a nucleus;

b. contacting the stem cells with an exogenously synthesized second peptide comprising:
Bel-2 Bel-X, or a combination thereof; and

C. culturing stem cells with IL-3, IL-6, stem cell factor, thrombopoietin, F1t3 ligand, or a
combination thereof:
and wherein the first peptide is removed from contact with the conditionally immortalized stem cells

before differentiation.

[0004] Disclosed herein, in certain examples , is a method of producing a plurality of anucleated
cells, comprising: culturing conditionally immortalized stem cells in the presence of at least one
cytokine that directs differentiation toward an anucleated cell; wherein the conditionally
immortalized stem cells are generated by: (a) contacting a plurality of stem cells with an
exogenously synthesized first peptide comprising: a MYC molecule that translocates to a nucleus;
(b) contacting the stem cells with an exogenously synthesized second peptide comprising: Bcl-2,
BCL-X, or a combination thereof; and (¢) culturing the stem cells with IL-3, IL-6, stem cell factor,
thrombopoietin, Ft3 ligand, or a combination thereof; and wherein the first peptide is removed from
contact with the conditionally immortalized stem cells before differentiation. In some examples , the
first peptide further comprises the hormone-binding domain of the human estrogen receptor. In some
examples , the first peptide, the second peptide, or both the first and second peptides comprise a
transporter sequence. In some examples , the first protein, the second protein, or both the first and
second proteins comprise a TAT sequence. In some examples , the method further comprises
contacting the plurality of stem cells with: estradiol (E2), 4-hydroxytamoxifen (4-OHT), or both.
[0005] Disclosed herein, in certain examples , is a method of preparing a plurality of anucleated
cells, comprising: (&) transfecting a plurality of stem cells (e.g., hematopoietic stem cells) with a first

vector comprising a nucleic acid sequence encoding a MY C molecule; (b) transfecting



the plurality of stem cells (e.g., hematopoietic stem cells) with a second gammaretroviral vector
comprising a nucleic acid sequence encoding Bcl-2, Bel-X, or a combination thereof; (¢) culturing
the plurality of stem cells (e.g., hematopoietic stem cells) with IL-3, IL-6, stem cell factor,
thrombopoietin, Fit3 ligand, or a combination thereof; (d) suppressing the activity of the Myc
molecule; and (c) culturing the conditionally immortalized stem cells (e.g., hematopoietic stem cells)
in the presence of at least one cytokine that directs differentiation toward an anucleated cell. In some
examples , the cytokine that directs differentiation toward an anucleated cell is IL-3, EPO, or a
combination thereof. In some examples , the MYC molecule is c-Mye, 1-Myc, n-Mye, s-Myc, or a
combination thereof. In some examples , the first vector further comprises the hormone-binding
domain of the human estrogen receptor. In some examples , the method further comprises inducing

translocation of the Myc molecule to a nucleus. In some
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examples , the method further comprises contacting the plurality of stem cells (e.g., hematopoietic
stem cells) with: estradiol (E2), 4-hydroxytamoxifen (4-OHT), or both. In some examples, the first
vector, the second vector, or both the first vector and the second vector is Murine Stem Cell Virus
(MSCV), or a derivative thereof. In some examples , the first vector, the second vector, or both the
first vector and the second vector is MSCV- (IRES)-GFP, or a derivative thereof. In some examples
the first vector, the second vector, or both the first vector and the second vector is MSCV- (IRES)-
GFP, and further comprises woodchuck hepatitis B virus RNA regulatory element (WRE).

{0006} Disclosed herein, in certain examples , is a method of producing a plurality of anucleated
cells (e.g., hematopoietic stem cells), comprising: (a) contacting a plurality of stem cells (e.g.,
hematopoietic stem cells) with: (i) an exogenously synthesized first peptide comprising: a MYC
molecule that translocates to a nucleus; and (ii) an exogenously synthesized second peptide
comprising: Bel-2, BCL-X, or a combination thereof; (b) culturing the plurality of stem cells (e.g.,
hematopoietic stem cells) with IL-3, IL-6, stem cell factor, thrombopoietin, Flt3 ligand, or a
combination thereof; (¢) removing the first peptide; and (d) culturing the conditionally immortalized
stem cells (e.g., hematopoietic stem cells) in the presence of at least one cytokine that directs
differentiation towards an anucleated cell. In some examples , the first peptide farther comprises the
hormone-binding domain of the human estrogen receptor. In some examples , the first peptide, the
second peptide, or both the first and second peptides comprise a transporter sequence. In some
examples , the first protein, the second protein, or both the first and second proteins comprise a TAT
sequence. In some examples , the method further comprises contacting the plurality of stem cells
(e.g., hematopoietic stem cells) with: estradiol (E2), 4-hydroxytamoxifen (4-OHT), or both.

(00667 Disclosed herein, in certain examples , is a thrombocyte prepared according to a method
disclosed herein.

[0008] Disclosed herein, in certain examples , is an erythrocyte prepared according to a method
disclosed herein.

[6009] Disclosed herein, in certain examples , is a method of treating a disorder characterized by a
deficiency of anucleated cells, comprising: administering an anucleated cell prepared according to a
method disclosed herein. In some examples , the disorder is an anemia {(e.g., aplastic anemia,
pernicious anemia, iron deficiency anemia, sickle cell anemia, spherocytosis, hemolytic anemia),

Gaucher’s disease, hemolysis, neutropenia,



thrombocytopenia, granulocytopenia, hemophilia, Hodgkin’s lymphoma, Non-Hodgkin’s lymphoma,
B cell chronic lymphoma, Burkitt’s lymphoma, Follicular-like lymphoma, diffused large B-cell
lymphoma, multiple myeloma, acute myeloid leukemia, pre-B acute lymophcytic leukemia, pre-T
acute lymphocytic leukemia, acute promeylocytic leukemia, refractory leukemia, or combinations
thereof In certain instances, the disorder characterized by an deficiency in anucleated cells results
from (partially or fully) chemotherapy. In some examples , an anucleated cell produced by a method

disclosed herein is co-administered with chemotherapy.

BRIEF DESCRIPTION OF THE DRAWINGS
[0010] The novel features of the invention are set forth with particularity in the appended claims. A
better understanding of the features and advantages of the present invention will be obtained by
reference to the following detailed description that sets forth illustrative embodiments, in which the
principles of the invention are utilized, and the accompanying drawings of which:
{00111 Figure 1 illustrates an approach for generation of a ctlt-hematopoietic stem cell line. Figure
1A shows a schematic representation of retroviral constructs used to transduce primary murine HSC
cells with Myc-ER and Bel-2. Figure 1B shows FACS analyses of HSCs obtained from 5-
fluorouracil treated donors following the transduction. Figure 1C shows kinetics of leukemogenesis
in mice transplanted with the transduced HSCs. Figure 1D shows FACS analysis of a ctlt-
hematopoietic stem cell soon after recovery from the bone marrow of leukemic mice. Figure 1E
shows FACS analysis of a ctlt-hematopoietic stem cell line that has been established. Figure 1F
shows FACS analysis of stem cell marker in normal, unmanipulated hematopoietic stem cells from
the bone marrow of C57/BL6 mice.
[0012] Figure 2 illustrates Analysis of clonality of ctlt-hematopoietic stem cell lines by PCR
amplification of retroviral insertions.
[0013]) Figure 3 illustrates characteristics of mature immune cells that arise following transplantation
of ctlt-hematopoietic stem cells. Figure 3A shows the frequency of cells derived from ctlt-
hematopoietic stem cells in lymphoid tissues after transplantation. Figure 3B shows detection of
GFP+ myeloid lineage cells in the bone marrow. Figure 3C shows analysis of peripheral, mature
lymphocytes in the spleen. Figure 3D shows analysis of peripheral, mature lymphocytes in transplant

recipient mice following the second serial passage of ctlt-hematopoietic stem cells.
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0014 Figure 4 illustrates long-term rescue from lethal irradiation by ctlt-hematopoietic
stem cels.

(6615 Figure 5 Hluswrates the differentiation of ctlt-hematopoietic stem cells into Ter-119
expressing erythroid progesitors in vitro. ‘

00161 Figure 6 illustrates a view of the reconstitution of erythrocytes /n vivo after lethal
irradiation by transplant of ctlt-hematopoietic stem cells.

10617] Figure 7 illustrates a view of the reconstitution of erythrocytes in vivo after lethal
irradiation by transplant of ctlt-hematopoietic stem cells

[6018) Figure & illustrates a view of the reconstitation of erythrocytes jn vive after lethal

irradiation by transplant of ctli-hematopoietic stem cells.

DETAILED DESCRIPTION OF THE INVENTION
j06191 Disclosed herein are methods for preparing a plurality of anucleated cells, the
resulting anucleated cells, and methods for storing and using such anucleated cells, In
particular, such anucieated cells are produced ex vivo from stem cells that are either
modified with appropriate genes and/or proteins (collectively, an engincered stemn celiy.
Such engineered stem cells are nucleated stem cells, and further are conditionally
immortalized. Such engineered, nucleated stem cells provide anucleated cells by causing the
cells to lose the conditional immortalization and differentiate as appropriate.
261 Disclosed herein, in certain embodiments, 18 @ method of preparing a plurality of
anucleated cells comprising: culturing conditionally immortalized stem cells in the presence
of at Teast one cytokine that directs differentiation toward an anucieated cell: wherein the
conditionally immortalized stem cells are generated by: (a) transfecting a plurality of stem
cells with a first vector comprising: a nucleic acid sequence encoding a MY C molecule: (b}
ransfecting the stem cells with a second retroviral vector comprising 4 nuclete acid
sequence encoding Bel-Z, Bel-X, or @ combination thereof] and {¢) culturing the stem cells
with IL-3, [L-6, stem cell factor, thrombopoietn, Fit3 ligand, or & combination thereof: and
wherein the activity of the Myc molecule has been suppressed before differentiation. In
some embodiments, the cytokine that directs differentiation toward an anucleated cell is IL-
3, EPO, or a2 combination thercof. In some embodimemns, the MY C molecule 15 ¢-Myc, I-
Myc, n-Mye, s-Mye, or a combination thercof. In some embodiments, the first vector
further comprises the hormonce-binding domain of the human estrogen receptor. In some
cmbodiments, the method further comprises inducing wanslocation of the Myc molecule to

a nucleus. In some embodiments, the method further comprises contacting the plurality of
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stern cells with: estradiol (E2), 4-hydroxytamosifen (4-OHT), or both. In some
embodiments, the first vector, the second vecior, or both the first vector and the sceond
vector is Murine Stem Cell Virus (MSCV), or a derivative thereof, v some embodiments,
the first vector, the second vector, or both the first vector and the second vector is MSCV-
(IRES)-GFP, or a derivative thereof. In some embudiments, the first vector, the second
vector, or both the first vector and the second vector i« MSCV- (IRES)-GFP, and further
comprises woodchuck hepatitis B virus RNA regulatory element (WRE

fen21)  Disclosed herein, in certain embodiments, is 2 method of producing a plurality of
anucleated cells, comprising: culturing conditionally immortalized stem cells in the
presence of at least one cytokine that directs differentiation toward an anucleated cell:
wherein the conditionally immortalized stem cells are generated by: (a) contacting a
plurality of stem cells with an exogenously synthesized first peptide comprising: a MYC
molecuie that ranslocates to a nucleus; (b) contacting the stem cells with an exogenously
synthesized second peptide comprising: Bel-2, BCL-X, or a combination thercof: and (¢)
culturing the stem cells with [L-3, IL-6, stem ccll factor, thrombopoietin, FIt3 ligand, or a
combination thereof, and wherein the first peptide is removed from contact with the
conditionally immortalized stem cells before differentiation. In some embodiments, the first
pepde further comprises the bormone-binding domain of the human estrogen receptor. In
some embodiments, the first peptide, the second peptide, or both the first and sccond
peptides comprise a transporter sequence. In some embodiments, the first protein, the
second protein, or both the first and sccond proteins comprise a TAT sequence. in some
embodiments, the method further comprises contacting the plurality of stem cells with:
estradiol (E2), 4-hydroxytamosifen (4-OHTY, or both.

{8622 Disclosed herein, in certain embodiments, is a method of preparing a plurality of
anucleated cells, comprising: (a) transfecting a plurality of stem cells {e.g., hematopoietic
stern cells) with a first vector comprising a nucleic acid sequence encoding a MYC
molecule; (b ransfecting the phurality of stem cells (e.g.. hematopoietic stem cells) with a
second gammaretroviral vector comprising a nucleic acid sequence encoding Bel-2, Bel-X,
or a combimation thereof; (¢} culturing the plurality of stem cells (e.g., hematopoictic stem
cells) with 1L-3, 1L-6, stem cell factor, thrombopoietin, FR3 ligand, or a combination
thereof; (d) suppressing the activity of the Myc molecule; and (¢) culturing the conditionally
immortalized stem cells (¢e.g., hematopoietic stem cells) in the presence of at least one

cytokine that directs differentiation toward an anucleated cell. In some embodiments, the
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cytokine that divects differentiation toward an anucleated cell is IL-3, EPO, or a
combination thercof. In some embodiments, the MYC molecule is o-Mye, I-Mye, s-Myc, s-
Myec, or 2 combination thereof, In some cmbodiments, the first vector further comprises the
hormone-binding domain of the human estrogen receptor. In some embodiments, the
method further comprises inducing transtocation of the Myc molecule 10 a nucleus. In some
10 embodiments, the method further comprises contacting the plurality of stem cells (e g,
hematopoietic stem cells) with: estradiol (E2), 4-hydroxytamoxifen (4-OHT), or both, In
some embodiments, the first vector, the second vector, or both the first vector and the
second vector is Murine Stem Cell Virus (MSCV), or a derivative thereof. In some
embodiments, the first vector, the second vector, or both the first vector und the second
15 vector s MSCV- (IRES)-GFP, or a derivative thereof, In some embodiments, the first
vector, the second vector, or both the first vector and the second veetor is MSCV- (IRES)-
GFP, and further comprises woodchuck hepatitis B virus RNA regulatory clement (WRE),
623]  Disclosed herein, in certain embodiments, is a method of producing a plurality of
anucleated cells (e.g., hematopoietic stem cells), comprising: (a) contacting a plurality of
20 stem cells (e.g., hematopoictic stem cells) with: (1) an exogenously synthesized {irst peptide
comprising: 8 MY C molecule that ranslocates to a nucleus; and (i) an exogenously
synthesized second peptide comprising: Bel-2, BCL-X, or a combination thereof, ()
culturing the plurality of stern cells {e.g.. hematopoietic stem cells) with [L-3, TL-6, stem

cell factor, thrombopoietin, FIt3 ligand, or a combination thercof, (¢) removing the first

254
=43

peptide; and (d) culturing the conditionally immonalized stem cells {e.g., hematopoietic
stern cells) in the presence of at least one oyiokine that directs differentiation fowards an
anucieated cell. n some embodiments, the first pepude further comprises the hormone-
binding domain of the human estrogen receptor. In some embodiments, the first peptide, the
second peptide, or both the first and second peptides comprise a transporter sequence. [n

30 some embodiments, the first protein, the second protein, or both the first and second
proteins comprise a TAT sequence. [n some embodiments, the method further comprises
contacting the plurality of stem cells (e.g.. hematopoietic stem cells) with: estradiol (E2), 4-
hydroxytamexifen (4-OHT), or both.

{ot24] Disclosed herein, in certain embodiments, is a thrombocyie prepared according 1o a

method disclosed herein.

(54
tn

9625] Disclosed herein, in certain embodiments, is an cryihrocyte prepared according 1o a

method disclosed herein.
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0026  Disclosed herein, in certain embodimoents, is a method of treating a disorder

characterized by & deficiency of anucleated cells, comprising: administering an anucleated

cell prepared according to a method disclosed herein.

19627 Provided in certain embodiments heremn is a method for producing a plurality of

differentiated cells. In some embodiments, provided herein is a method for producing a

16 plurality of anucleated cells, comprising:

(a). providing an immortalized stem cell; and

(b). inducing differcntiation of the immortalized stem cell to the cell of a sclected
type.

Genperal Definitions

—
1

[0628] Any methods and materials similar or equivalent to those described herein that is
used in the practice of or testing of the embodiments described herein are considered to be a
part of the instam disclosare.

(66291 As used in this specification and the appended claims, the singular forms “a”, “an™,
and “the” include plural references unfess the context clearly dictates otherwise. Thus, for
20 example, references 10 “s nucleic acid” imcludes one or more nucleic acids, and/or
compositions of the type described herein which will become apparent t those persons
skilled i the art upon reading this disclosure and so forth. Any reference to "or" herein is
intended to encompass "and/or” unless otherwise stated.

({06307 As used herein, "stem cells (e.g., hematopolietic stem cells)" refors o the term as it is

25 generally understood in the art. For example. stem cells {e.g., hematopoietic stem cells),

ey

regardicss of their source, are cells that are capable of dividing and renewing themselves for
long periods, are unspecialized (undifferentated), and possess the ability to give rise to
(differentiate into} specialized ceil types (i.¢., they are progenitor or precursor cells for a
vanety of different, specialized cell types). In certain instances herein, "stem cells (e.g.,

36 hematopoietic stem cells)” described herein refer to long term stem cells (e.g.,
hematopoictic stem cells),
j0031] “Long-torm”, when used in connection with stem cells (e.g., hematopoictic stem
cells), refers to the ability of stem cells {e.g.. hematopoietic stem cells) to renew themsclves

by dividing into the same non-specialized cell type over Jong periods (e.g., | month, 2

(2]
A

months, 3 months, 4 mouths, 6 months, 8§ months, 9 months, 12 months, 2 years, 3 years)
depending on the specific type of stemn cell. In certain instances, stem cells (e.g.,

hematopoietic stem cells) are identified by the presence of the following cell surface
% p 4
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markers: c-kit', Sca-1", CD34™¥", CD3R", and/or Thyl ", In some instances, human stem

943

cells (e.g., hematopoietic stem cells) are identified by the presence of the following
markers: CD347, CD38™ c-kit ™™, and/or Thy!™. In certain instances, both human and
murine stem cells (e.g., hematopoietic stem cells) lack cell lincage markers, such as CD2,
D3, CD4, CD35, CD8, NK 1.1, B220, Ter-119, and/or Gr-1.

10 {6032) An “immortalizing agent” as used herein refers 1o an agent that induces, promotes,
or enables cell viability, cell survival, and/or cell proliferation. An “immortalizing agent”
refers to any suitable agent that induces, promotes, or enables ccll viability, cell survival,
and/or cell profiferation. The term encompasses all chernical compounds that induce cell

viability, cell survival, and/or cell proliferation, such as organic and morganic molecules,

—
(23

including DNA, RNA, polypeptides, carbohydrates, lipids, and small organic molecules.
60331 A “conditionally activated agent that induces immortality”™ refers to an agent that
induces cell viability. cell survival, and/or cell proliferation, whose function is induced or
initiated as necessary. For example, n the case of polypeptides, conditional activation
occurs by activating. ¢.g.. expression, transcription, or translation of a gene encoding the
2 polypeptide. In other cases. the function of a conditionally activated polypeptide Is induced
by adding a ligand to a receptor on the polypeptide. e.g., exposing a polypeptide comprising
ER 10 estrogen or a polypeptide comprising GR o mifepristone.
[6034] The term "onco-peptide” and "oncoprowin” are utitized interchangeably hercin and
refer to a polymer of amino acid residues, fragments or analogs thereof that are encoded by
25 oncogenes of profo-oncogenes. I certain instances, onco-peptides induce cell viability, cell
survival and/or cell proliferation. The description of certain embodiments herein is direcied
to "onco-peptides”. 1t is t be understood that in some embodiments, such disclosures
include a disclosure of the use of any polypeptide that induces stem cell viability, survival
and/or proliferation,
30 06357 “An inhibitor of an endogenous antagonist of an immortalizing agent” refers 10 an
agent that induces cell immortality by reducing, decrcasing, or preventing the activity,
concentratioft, or expression of an endogenous agent that antagonizes an immortalizing
agent. For example, certain endogenous ranscription repressors suppress expression of

polypeptides that function to induce cell viability, cell survival, and/or cell proliferation. A

L
L

specific example is the MAD family of transcription repressors, ¢.g., MAD-1, which

antagonize the Myc family of oncogenes. Thus, an mhibitor of an endogenous transcription
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repressor, ¢.g., MAD-1, functions to induce cell immortality by reducing, decreasing, or
preventing the activity, concentration, or level of the wanscription repressor.
{0036} In other embodiments, for example, an inducer of cell immortality s a cyclin-
dependent kinase. Endogenous cyclin-dependent kinase inhibitors, e.g.. pl6, p19, p21, and
p27, function to antagonize the promotion of cell immortality by the cvclin-dependent
kinases. Thus, in some embodiments, “an inhibitor of an endogenous antagonist of an
inducer of cell immortality™ 15 an agent that reduces, decreases, or prevents the activity,
concentration, or level of the cyclin-dependent kinase inhibitors refative 1o a wild-type stem
cell of the same type.
100371 Similarly, an “inhibitor of pro-apoptotic polypeptides™ functions 1 induce cell
immortality by reducing, decreasing, or preventing the activity, concentration, or level of
polypeptides, e.g., endogenous polypeptides, that are pro-apoptotic. “Tnhibitors of pro-
apoptotic polypeptides”™ reduce, decrease, or pravent the activity, concentration, or level of
pro-apoptotic polypepiides by any suitable means, including inhubiting expression,
transcription, or transiation of the polypeptides, or directly acting on the polypeptides, e.g.,
by binding to the polypeptides, denaturing the polypeptides, occupying the active site of the
polypeptides, or blocking nteraction of the polypeptides with their rargets.
0038]  In certain embodiments, homologues, analogues or fragments of polypeptides that
mnduce immortality described berein include an amine acid sequence that is at Jeast 40% to
100% identical, e.g., at least 40%, 45%. 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 8O%,
7%, 88%, 90%, 91%, 92%, 94%, Y5%, 96%, 97%, 98%, ur any other percent from sbout
40% to about 1069 identical © the polvpeptide that induces immortality.
60391 As used herein, the terms "Myc”, "cMyc”, "Mye protein” and "Myc polypeptide” are
used interchangeably and refers in certain instances to the NCBI Accession Number
NPOO243R.2, functional homologs, analogs or fragments thereof. In some embodiments,
synonyms of Myc include, but are not imited to c-Myc, v-Myc, Myc proto-oncogene
protein & Transcription factor p64. In some embodiments, a Mye polypeptide comprises an
amino acid sequence that is at least 40% to 100% identical, e g, at Jeast 40%, 45%6., 50%

5%, 60%, 65%, T0%, 75%, 80%, §5%. 86%., 87%, 88%. 90%, 91%, 92%, 94%, 95%,

+

96%, 97%, 98%, or any other percent from about 40% to about 100% identical to the
sequence of NCBI Accession Numbers NPOG2Z458.2. In some ecmbodiments, a Myce
polypeptide comprises a polypeptide sequence of 40 amino acids or more in length that is at

least 50% to 100% identical, e.g., at lcast 50%, 55%, 60%, 65%, 70%, 75%, 80%. 85%,
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86%, &7%, 88%, 90%, 91%, 92%, 94%, 95%, 96%, 7%, Y8%, or any other percent from
about 50% fo about 100% identical to the sequence of NCBI Accession Numbers
NPOO2458.2. In some embodiments, a Myc polypeptide comprises a polypeptide sequence
of 40 amino actds or more in length thar is at least 50% 10 100% identical, e.g., at least 50%,
35%, 60%, 65%. 70%, 75%, 80%, 5%, 86%, 87%, 88%, Y%, 91%. 92%, 94%, 95%,
9654, 97%, 98%, or any other percent from about 50% to sbout 100% 1dentical 1o the
sequence of NCBI Accession Numbers NPO02458.2 wherein the Myce polypeptide induces
cell viability, cell immortality, cell growth and/or cell proliferation.

j6644] To determine the percent homology of two amino acid sequences or of two aucleic
acids, the sequences 18 aligned for optmal comparison purposes (e.g., gaps are introduced in
the sequence of a first amino acid or nucleic acid sequence for optimal alignment with a
second amino acid or nucleic acid sequence). The amino acid residues or nucleotides at
corresponding amino acid positions or nucleotide positions can then be compared. When a
position in the first sequence 18 occupied by the same amino acid residue or nuclecude ag
fh‘c corresponding position in the second sequence, then the molecules are sdentical at that
position. The percent homology between the two sequences is a function of the number of
identical positions shared by the sequences (Le., % identity = # of identical positions/total #
of positions (e.g., overlapping positions) x 1001, In some embodiments the two sequences
are the same length.

0041] To determine percent homology between two sequences, the algorithm of Karlin and
Altschul (1990) Proc. Narl. Acad. Sci. USA 87:2264-2268, modified as in Karlin and
Aktschul (1993) Proc. Narl. Acad. Sei. USA 90:5873-5877 is used. Such an algorithm is
incorporated into the NBLAST and XBLAST programs of Altschul, ef al. (1990) .1 Mol
Biol. 215:403-410. BLAST nucleotide scarches is performed with the NBLAST program,
score=100, wordiength=12 to obtain nucleotide sequences homologous 1 a mucleic acid
molecules deseribed or disclose hercin. BLAST protein searches is performed with the
XBLAST program, score=30, wordiength=3. To obtain gapped alignments for comparison
purposes, Gapped BLAST is utilized as described in Altsehul et sl (1997) Nucleic Acids
Res. 25:3389-3402. When utibizing BLAST and Gapped BLAST programs, the default
paramcters of the respective programs {e.g., XBLAST and NBLAST) are used. See the
webstte of the National Center for Biotechnology Information for further details (on the
World Wide Web at nebl.nlm.nih.gov). Proteins suitable for use in the methods described

heremn also mchudes proteins having between | to 15 amino acid changes, e.g, 1, 2, 3, 4, 5,
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6,7.8,9,10, 11, 12, 13, 14, or 15 amino acid substitutions, deletions, or additions,
compared to the amino acid sequence of any protein described herein. In other
embodiments, the altered amino acid sequence is at least 75% identical, e.g., 77%, 80%,
8295, 85%, RR%G, 90%, 92%, 95%, 97%, 98%, 99%, or 100% idemical to the amino acid
sequence of any protein inhibitor described herein. Such sequence-variant proteins are

1 suitable for the methods described herein as long as the altered amine acid sequence retains
sufficient biological activity to be functional in the compositions and methods described
herein. In certain instances conservative amino acid substitutions are wilized. ustrative
conservative substitution arorg amino acids are within each of the following groups: (1)

glycine, alamine, valine, leucine, and isoleucine, (2) phenylalanine, tyrosine, and tryptophan,

w2

(3) sering and threonine, (4) aspartate and glutamate, (5) glutamine and asparagine, and (6)
lysine, argmine and hisudine. The BLOSUMG2 table is an amino acid substtution marrix
derived from about 2,000 local multiple alignments of protein sequence segments,
representing highly conserved regions of more than 500 groups of related proteins
(Henikoff et al. (19492), Proc. Natl Acad. Sci. {USA, 89:10915-10919). The BLOSUMG2

20 substitution frequencies are used to define conservative amino acid substitutions that, in
some embodiments, arc mtroduced into the amino acid sequences described or disclosed
herein. Although it is possibie to design amino acid sabsttutions based solely upon
chemical properuies (as discussed above), the language "conservative amino acid

substitution” preferably refers 1o a substitution represented by a BLOSUMG2 value of

9
"

5 greater than -1. For example, an amino acid substitution 1s conservative if the substitution is
characterized by a BLOSUMSG2 value of 0, 1, 2. or 3. According to this cm, preferre
conservative amino acid substitutions are characterized by a BLOSUMG2 value of at least |
(c.2., 1, 2 or 3y, while more preferred conservative amino actd substitutions are

characterized by a BLOSUMG2 value of at least 2 {(e.g., 2 or 3\

™

0042)  As used herein, the term “nucleic acid” refers to a nucleic acid that is engineered
through the combination or msertion of one or more nucieic acids, thercby combiming
sequences that would not normally occur together in nature. In some embodiments, micleie
acids comprise inducers or enhancers. In some embodiments, nucleic acids comprise

restriction enzyme sites. In some embodiments, nucleic acids encode polypeptides. In some

(9]
o

embodiments, nucleic acids comprise mutations.
[0043] As used herein, the term “polvpeptide” refers to a polypeptide that is produced from

a nucleic acid.
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fou44]  As used herein, the term “Myvce polypeptide”™ comprises a2 Myc polvpeptide that is

produced from a nucleic acid.

160457 As used herein, the term “transgene” refers to the integration of a nucleic acid that

encodes a polypeptide into the genomic DNA of an animal, bacterig, virus or cell.

10646]  As used herein, the term "TRE" refers to a tetracycline response clement,

10 {0647 As used herein, "over-expression”, refers to a higher level of expression when
compared to the endogenous fevel of expression of an identical polypeptide or protein
within the same cell. In certain instances, "over-expression” refers to expression of a
polypeptide. In some embodiments a higher level of expression comprises 2% 10 200%
higher. In some embodiments a higher level of expression comprises 2-fold to 1000-fold

15 higher. In some embodiments a higher level of expression comprises 2-fold 1o 1000-fold
higher. In sorne embodiments a higher level of expression comprises 2-fold to 10,000-fold
higher. In some embodiments a higher level of expression comprises a detectable level of
expression when compared 10 a previeus undetectable level of expression. In some
embodiments "over-expression” refers (0 any deteciable level of expression of an exogenous

20 polypepude or protein.

10048] The torms "polypeptide”, “peptide™ and "protein® are used interchangeably herein to

refer 10 ¢ polymer of amino acid residues, The terms apply to naturally occurring amino

acid polymers as well as amino acid polvmers in which one or more amino acid residues is a

non-naturally occurnng amino acid, e.g., an amino acid analog, As used herein, the terms

2
h

encompass amino acid chains of any length, including full length proteins, wherein the

amino acid residues are linked by covalent pepride bonds.

I, Immortalized Cells
Stem Cells

30 {6649} Stem cells (e.g., hematopoietic stem cells) to be immortalized or conditionally
imiportalized are obtained from any suitable source. In certain embodiments, the stem cells
{¢.¢., hematopotetic stem cells) utilized are from an anirnal, ¢.g.. & buman, dog, cat, horse,
cow, pig, sheep, goat, chicken, monkey. rat, mouse, or the like. In some embodiments, a

stem cell is obtained from the bone marrow, peripheral blood, umbilical cord, or fetal tissue

Cer
L

of an individual or is procured from a source that obtained a stem cell from the bone

marrow, peripheral blood, umbilical cord, or fetal tissue of an individual.
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100501 In certain embodiments, the plurality of stem cells (e.g.. hematopoietic stem cells) is
harvested from a human umbitical cord or placenta. Another source of a plurality of stem
cells {e.g.. hematopoietic stem cells) is the developing blood-producing tissues of fetal
animals, In human, the plurality of stem cells (e.g., hematopoietic stem cells) is found in the
circulating blood of a human fetus by about 12 to 18 weeks. In some embodiments, the a
plurality of stem cells (e.g.. hematopoietic stem cells) are obtained from any source, e.g., the
bone marrow. umbilical cord, peripheral blood, or fetal tissue of blood, of type A+, A-, B+,
B-, O+, O-, AB+, and AB- donors. In some embodiments, a plurality of stem cells (c.g.,
hematopoictic stem cells) are obtained by anesthetizing the stem cell donor, punciuring the
posterior superior ilac crest with a needle, and performing aspiration of bone marrow cells
with a syringe.

{0951} Further steps involved in the processing of remaining marrow cells comprises cell
colfection by centrifugation, resuspension of cells in culture medium or a buffer suitable for
subsequent processing. In some embodiments, the plurality of stem cells (e.g.,
hematopoieiic stem cells) is barvested from circulating blood. In some embodiments, a
plurality of stem cells (e.g., hematopoietic stem cells) in the bone marrow are coaxed to
migrate from marrow to circulating blood in greater numbers by injecting the stem celi
donor with a cytokine, such as granulocyte-colony stimulating factor (G-CSF).

160521 In certain aspects described herein, the plurality of stem cells {e.g., hematopoietic
stem cells) is obtained from different blood groups or major histocempatibility complex
(MHC} or human leukocyte anugen (HLA) matching source. In some embodiments,
drawing from the peripheral blood comprises injection of granulocyte stimulating factor (G-
CSF) a few days before the cell harvest. In some embodiments, obtaining a plurality of stem
cells (e.g.. hematopoietic stem cells) comprises drawing a plurality of stem cells (e.g..
hematopoictic stem cells) from the bone marrow comprises injection of 5-fluorouracil (5-
FU) in order 1o enrich for a plurality of stem cells (e.g., hematopoietic siem celis) by
inducing these cells 1o proliferate.

(96531 Any suitable identification method is optionally utilized 10 identify & stem cell
obtained from a donor. For example, in some embodiments, identification of a plurality of
stem cells {(e.g., hematopoietic stem cells) comprises using cell surface markers associated
with a plurality of stem cells (e.g,, hematopotetic stem cells) or specifically associated with
terminally differentiated celis of the system. In one embaodiment, markers include one or
more of c-kit, Sca-1, CD34, CD3g, Thyl, CD2, CD3, CD4. CD3, CDSY, CD43, CD4s,

14~
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CD39, CDY, CDI0S, CD133, ABCG2, NK1.1, B220, Ter-119, Fik-2, CDCP1,
Endomucin, or Gr-1. In another embodiment. markors include one or more of CD 150,
CD244 or CD46,

(4654] A plurality of siem cells (e.g., hematopoietic stem cell)) obtained from a donor are
separated from non-~a plurabity of stem cells {(e.g., bematopoietic stem cells) in any suitable
manner such as, by way of non-limiting example, fluorescence activated cell sorting
{(FACS), or magneric activated cell sorting (MACS),

106055]  In one non-limiting example, murine bone marrow cells are incubated with
antibodies recognizing cell surface molecules such as one or more of ¢c-kit, Sca-1, CD34,
CD38, Thyl, CD2, CD3, CD4, CDA. CDE, CD43, D43, CD59, CDY0, CDIOS, CD133,
ABCG2, NK1. 1, B220, Ter-119, Fik-2, CDCPI, Endomucin, or Gr-1. Antibodices for CD2,
D3, CD4, CDS, CDR, NK1.1, B220, Ter-119, and Gr-1 are conjugated with magnetic
beads. In MACS equipment, the cells harboring CD2, CD3, CD4, CD5, CDE, NK 1.1, B220,
Ter-11%, or Gr-1 on their surface are retained in the column equipped to trap magnetic
beads and the cellz anached 10 magnetic bead conjugated antibodies. The cells that are not
captured by MACS column are subjected 10 FACS analysis, For FACS analysis, Antibodies
for surface molecules such as c-kit, Sca-1, CD34, CD38, Thyl, are conjugated with
flucrescent materials. The cells that are ¢-kit”, Sca-17, CD34™" CD3&™, Thyl " ™are
separated from the rest of sample by virtue of the types of fluorescent antibodies associated
with the cells. These cells are provided as murine long term stem cells (e.g., hematopoictic
stern cells) for further method as described herein. In other embodiments, different sets of
marker arc used to separate murine fong term stem cells (e.g., hematopuietic stem cells)
from cells of bone marrow, umbilical cord blood, fetal tissue, and peripheral blood.

{90567 In another non-limiting example, human peripheral blood cells are incubated with
antibodics recognizing ¢-kit, Sca-1. CD34, CD3& Thyl, CD2, CD3, CD4, CDS5, CDE,
CD43, CD45, CD59, CDY0O, CD105, CD133, ABCG2. NK 1.1, B220, Ter-119, Flk-2,
CDCPI, Endomucin, or Gr-1. Antibodies for CD2, CD3, CD4, CD5, CDR, NK 1.1, B220,
Ter-119, and Gr-1 are conjugated with magnetic beads, The cells expressing CD2, CD3,
CD4, CD5, CO8, NK 1.1, B220, Ter-119, or Gr-1 are retained in the column cquipped to
trap magnetic beads and cells antached o magnetic bead conjugated antibodies. The cells
that are not captured by the MACS column are subjected t0 FACS analysis. Antibodies for
c-kit, Sca-1, CD34, CD3R, Thyl, are conjugated with fluorescent materials known in the art

The cells that are D347, CD3&™™", c-kit™™, Thy!” are separated from the rest of sample
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by virtue of the types of fluorescent antibodies associated with the cells. These cells are
provided as human long term stem cells (c.g., hematopoictic stem cells) for further method
disclosed herein.

09571 In yet another non-limiting example, cells obtained from a subject are labeled with
the same set of magnetic bead conjugated antibodies (antibodics against one or more of
CD2, CD3, CD4, CD5, CD8, NKI.1, B220, Ter-119, or Gr-1) and fluorescent conjugated
CD150, CD244 andior CD4R antibodies. After removing cells captured by the magnetic
bead conjugated antibodies from the sample, the sample is analyzed by FACS and CD 156G+,
CD244- and CD4R- cells arc refained as long term stem cells (e.g., hematopoletic stem
cells).

160587 Tn some cmbodiments, a plurality of stem cells (e.g., immortalized or stem cells)
utilized in any method described herein comprise one or more of the markers: ¢-kit”, Sca-17,
CD34°* CD3R", Thy ™™, CD34", CD38™™, c-kit™™, and/or Thy!™. In some
embodiments, the stem cells {e.g., immortalized or stem cells) utilized in any method
described herein lack one or morve of the markers: CD2, CD3, CD4, CDS5, CD%, NK1.1,
B220, Ter-119, and/or Gr-1. In certain embodiments, the stem cells (e.g., immortalized or
stem cells) utilized n any method described heretn are of an A+, A-. B+, B-, O+, O-, AB+,
or AB-type.

106591 In some embodiments, providing an immorwlized stem cell includes providing at
Jeast one immortalized or stem cell. In certain embodiments, providing at least one
immortalized sterw cell includes providing a plurality of immortalized or stem cells (e.g.,
hematopoictic stem cells). In some embodiments, providing an immortalized stem cell
compriscs producing an immortalized or stem cell. In specific embodiments. providing an
immortalized stem cell comprises producing a plurality of immoralized or stem cells (e.g.,
hesmatopoietic stem cells), In other embodiments, the immortalized or stem cell(s) arc
provided by procuring them from any source.

Immartalizaiion

{9060 In certain embodiments, the conditionally immortalized stem cells {e.g.,
hematopoietic stem cells) are continuously maintained under suitable conditions for a
suitable period of time, successfully becoming an establishing an immortalized or

conditionally immortalized stem cell line.

16



[e661) In certain embodiments, inducing proliferation of a conditionally immortalized stem

A

cell according to any method described herein inchudes inducing immoriatization of the
conditionally immortalized stem cell and thereby causing the conditionally immortalized
stem cclls (e g, hematopoietic stem cells) to profiferate. In some embodiments, inducing
proliferation comprises inducing expression of an agent that induces immortality. In centain
16 embodiments, expression of an agent that induces Immortality 15 induced in & conditionally
immortalized cell comprising a ransgenc encoding the agent that induces immortality,
wherein the transgene encoding the immortalizing agent is one or more TRES.
{80621 In certain embodiments, an immortalized stem cell is, by way of non-limiting
example, an immortalized hematopoietic stem cell, an Immortalized mesenchymal stem cell,
15 animmortalized neural stem cell, an immortalized epithelial stem cell, an immoralized
intestinal stem cell, an immortalized cardiac myocyte progenitor stem cell, an immortalized
skin stem cell, an immortalized follicular stem cell, an immortalized skeletal muscle stem
cell, an immortalized osteoblastic precursor stem cell, an immortalized liver stem cell, an
inmortalized embryonic stem cell or the like. In specific embodiments, the immortalized
20 stem cell is an immortalized hematopoietic stem cell.
[6463] In some embodiments, the immortalized stem cell 1s produced by contacting a
conditionally immortalized stem cell with an agent that induces immortality. In some
embodiments, immortalization of the conditionally immortalized stem cell obviates the

inability of a normal or wild type stem cell of the same lincage 10 survive, proliferate and/or

12
tr

differentiate ex vivo after an extended period of time (e.g., more than 6 hours, 12 hours, 24
hours. 3 days, 1 week, 2 weeks, 1 month, 3 months, cic.). In certain embodiments, the
immortalizing agents are conditionally activated.

[0064] 1n some embodiments, the immortalizing agent i an onco-peptide that induces
wnmortality. For example, i certain embodiments, suitable onco-peptides that induce

30 immortality are: growth factors and/or mitogens, receptor tyrosine kinascs, particularly
constitutively active receptor tyrosine kinases, cytoplasmic tyrosine kinases, cytoplasmic
serine/threonine kinases and their regulatory subunits, regulatory GTPases, ranscription
factors, telomerase reverse transcriptases, and/or factors that activate other onco-peptides. In
some cmbodiments, the immortalized stem cell has been modified 1 express or

conditonally express the onco-peptide. Furthermore, in some embodiments, the function or

%)
R

exprassion of the onco-pepude 18 conditionally activaed.
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jo6s)  In some embodiments, the immortalizing agent inhibits an endogenous antagonist of
an inducer of immortality. For example, in some embodiments, an agent that induces
immortality comprises an inhibitor of a transcriptional repressor that antagonizes expression
of a gene that induces immortality, Tn certain embodiments, the transeriptional repressor
antagonizes an onco-peptide, e.g., Myc.

[0066] In some embodiments, an agent that induces ummortality is a polypeptide that
inhibits apoptosis, e.g., an anti-apoptotic polypeptide. In some embodiments, the
immortalized stem cell expresses and/or conditionally expresses a polypeptide that inhibits
apoptosis, e.g., the cell comprises a transgene expressing or conditionally expressing a
polypeptide that inhibits apoptosis. In some embodiments, an agent that induces immortality
is an agent that mhibits pro-apoptotic polypeptides, ¢.g., endogenous pro-apoptotic
polypeptides.

{06671 In some embodiments, an immortalized or conditionally immortalized stem cell is
generated by contacting a stem cell with an agent that induces immortality, (e.g., an onco-
peptide or fransgene expressing or over-expressing an onco-peptide). In some embodiments,
an immortalized or conditionally immortalized stem cell is generated by contacting a stem
cell with an agent that induces immnortality, (¢.g., an onco-peptide or transgene expressing
or over-cxpressing an onco-peptide). in combination with at least one other agent sejected
from an agent that induces immortality, {¢.g., another onco-peptide, and/or another
transgene exPressing or over-expressing an onco-peptide’, an inhibitor of an endogenous
antagonist of an inducer of cell immortality, an anti-apoptotic polypeptide, an nhibitor of
pro-apoptotic polypeptides, or a combination thereof,

{6681 Immortalized or condittonally immaortalized stem cells (e.g., hematopoietic ste

cells) utilized in @ method described herein are prepared in any suitable manner. In some
embodiments, a conditionally immortalized stem cell is produced by contacting the
conditionally immortalized stem cell with a polypeptide and/or a transgene (e.g., an
oncogene or prolo-encogene) encoding a polypeptide that induces immortality. In certain
embodiments, the conditionally immonalized stem cell is produced by contacting the
conditionally immortalized stem cell with an onco-peptide (e.g., Myc) and/or a transgene
encoding an onco-peptide (e.g., Myc). In some embodiments wherein the immortalized or
conditionally immortalized stem cells {e.g., hematopoietic stem cells) utilized 1n method
described herein comprise a transgene that encodes an onco-peptide, any method described

herein optionally further comprises excising the transgence from the nucicus of either the

18-



A 4

immortalized or conditionally immortalized stem cell prior to differentiation, or from the

nucleus of the coll of a selected type following differentiation.

100697 Delivery of a transgene encoding an agent that induces immortality, e.g., an onco-

peptide, an anti-apoptotic polypeptide, an inhibitor of a pro-apoptotic polypeptide or

endogenous antagonist of an inducer of cellular immortality, etc., into a stem cell is

10 achieved in any suitable manner. In certain instances, a transgene encoding an agent that
induces immortality 1s transfected into a stem cclf using a vector. Inserting the nucleic acid
into & cell, as used herein, optionally comprises, by way of non-limiting example,
microtnjection, gene transfection, gene transduction, electroporation or like methods, In
some instances, a transgene encoding an agent that induces immorality is transduced into

15 the conditionally immortalized stem cell. In some embodiments, the method of transfecting
or ransducing & ransgene encoding an agent that induces immortality into a stem cell is as
set forth in U.S. 2007/0116691, which is hereby incorporated by reference for this
disclosure. Delivery of a polypeptide that induces immortality, e.g.. an onco-peptide, an
anti-apoptotic polypeptide, an inhibitor of a pro-apoptotic pofypeptide or endogenous

20 antagonist of an inducer of cellular immortality, ¢te., into a stem cell is achieved in any

suitable manner. In some embodiments, the polypepiide is introduced into the cell by

expression of a transgene cncoding the polypeptide. In certain embodiments, the

polypeptide is a fusion polypeptide comprising & polypeptide transduction domain and the

polypeptide is introduced into the conditionally immortalized stem cell by culturing the

1>
L

conditionally immortalized stem cell with the fusion polypeptide. In some embodiments, the
method of introducing a polypeptide into a stern cell 1s as set forth in U.S. 200740116691,
which is hereby incorporated by reference for this disclosure.

(68707 In some embodiments, an immontaltized stem cell utilized in any method described
herein comprises an agent that induces cell immortality. In some embodiments, an agent

30 that induces cell immortality comprises a transgene that €Xpresses or OVer-cXpresses a
polypeptide that induces cell immortality. In some embodiments, an agent that induces cell
immortality comprises a polypeptide that induces cell imumortality. In some embodiments, a
polypeptide that induces cell immortality 15 an onco-peptide. Onco-peptides are of any

suitable class that induces cell immortality. For example, in certain embodiments, suitable

s
th

onco-peptides that induce cell immortality are: growth factors and/or mitogens (e.g., PDGF-
derived growsh factors such as ¢-8is); receptor tyrosine kinases, particularly constitutively

active receptor tyrosine kinases (e.g., epidermal growth factor receptor (EGFR),
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thrombocyte-derived growth factor receptor (PDGFR), vascular endothelial growth factor

receptor (VEGFR], and HER2/neq); cytoplasmic tyrosine kinases {e.g

et

Sre-family, Syk-
ZAP-70 family, and BTK family of tyrosine kinases); cytoplasmic serine/threonine kinases
and their regulatory subunits (e.g., Raf kinases, cyclin-dependent kinases, members of the
Akt familyy: regulatory GTPases {2.¢., Ras protein; ranscription factors (e.2., Mye and
HIF-1a); welomerase reverse transcriptases (¢.g., TERT or hTERTY; and/or factors that
activate other onco-peptides (e.g. cycling, including cycling A, B, D, and/or E, such as
cyclin D1 and D3). In certaln embodiments, an onco-peptide is Mye, HIF-1a, Notch-1, Akt,
KTERT. or a cychn. In some embodiments, an onco-peptide is a functional fragment,
homolog, or analogue of any onco-peptide that induces cell viability, cell survival and/or
cell proliferation. e.g., a functional fragment, homologue, or analogue of Myc, HIF-1a,
Motch-1, Akt, ATERT, or a cyclin.

06711 In some embodiments, an agent that induces cell immortality mhibits an endogenous
antagonist of an inducer of cell immortality. For example, the agent is a genetic inhibitor or
a small moicecule inhibitor (such as, an antagonist). For example. in some embodiments, an
agent that induces cell immortality comprises an inliibitor of a wanscriptional repressor that
suppresses expression of a gene that induces cell immorality. In certain erbodiments, the
granscriptional repressor antagonizes an onco-peptide that regulates expression of a gene
that induces cell immortality, e.g., Myc. For example, in some embodiments, an agent that
induces cell immortality comprises an agent that inhibits at least one member of the MAD
family of transcriptional repressors, ¢.g., MAD-1, In certain other embodiments, an agent
that induces cell immortality comprises an inhibitor of cyclin-dependent kinase inhibitors
{e.g., pla, pl9. p21, or p27).

166721  Any agent that inhibits an endogenous antagonist of an agent that induces cell
immortality relative to a wild-type stem cell of the same type 1s suitable for use in the
method disciosed herein. An agent that is an inhibitor of an endogenous antagonist of an
agent that induces cell immortality reduces, tnhibits, or decreases the activity or level of the
PHLAGONISt At any stage of by any mechanism. For example, in some instances, such an agem
interferes with expression of an agent that amagonizes the activity of an agent that induces
cell immortality, e.g., at the translational level or at the transcriptional level. In certain
¢mbodiments, an agent that interferes with expression of an agent that antagonizes the
activity of an agent that induces cell immortality is an agent capable of RNA interference

(an RNAI molecule). In some embodiments. an RNAI molecule is generated by cleavage of
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or binding to mRNA encoding a polypeptide, ¢.g., an onco-peptide, An RNAI molecule is
generated by any suftable means, including by small interfering RNA (siIRNA), microRNA
(miRNAj, double stranded RNA (dsRNA), or small hairpin RNA (ShRNA). In certain
embodiments, an agent that interferes with expression of an agent that antagonizes the
activity of an agent that induces ccll immortality is a small molecule, ¢.g., a small organic
molecule.

{0973} In some embodiments, an agent that inhibns an endogenous antagonist of an agent
that induces cell immortality acts directly on the antagonist. For example, in some
embodiments, an agent that induces cell immortality comprises an agent that binds to and
inhibits the activity of an endogenous amtagonist of an agent that induces cell immortality,
such as an antibody or small molecule. For example, in some embodiments, a suitable agent
is an agent that binds to or interferes with an antagonist of an onco-peptide, such as
antibodies or small molecules that bind to and disrupt the natural function of one or more of
the MAD family of transcriptional repressors (e.g., MAD-1) or cyclin-dependent kinase
inhibitors {e.g., pl16, p19, p21, or p27).

(6474} In some cmbodiments, an agent that induces cell immortality is a transgene that
CAPFESHES OF OVEr-expresses an anti-apoptotic polypeptide. In some embodiments, an agent
that induces cell immortality is an anti-apoptotic polypeptide. In some embodiments, the
anti-apoptotic polypeptide in a stem cell or stem expressed by a cell comprises one or more
of a Bel-2 homology domain. In some specific embodiments, the anti-apopiotic polypeptide
comprising one or more of a Bel-2 homology domain (e.g., BH1, BH2, BH3 and/or BH4) &8
e.g., Bel-2, Bel-x, Bel-XL, Mcl-1, CED-9, A1, Bfl-1, Bel-w, or the like.

[0675] In some embodiments, an agent that induces cell immortality is an inhibitor of pro-
apoptotic polypeptides, e.g., endogenous pro-apoptotic polypeptides, within a stem cell
relative to a wild-type stem cell of the same type. In certain embodiments, the pro-apoptutic
polypeptide comprises one or mare of a Bel-2 homology domain (e.g., BHI, BH2, BH3
and/or BH4). In specific embodiments, the pro-apoptotic polypeptide comprises BH3, c.g.,
BIM, PUMA, NOXA, BAK, BAX, BIK, BAD. BID, EGL-1, and/or the like. In specific
embodiments, the pro-apoptotic potypeptide is a BH3-only polypeptide, e.g., BIM, PUMA,
NOXA, BAD, BID, EGL-1, and/or the like.

[8676] Any agent that inhibits the activity or level of pro-apoptotic polypeptide(s) within a
stern cell relative 10 a wild-type stem cell of the same type is suntable as an vagem that

mmduces cell immortality. In certain embodiments, an agent that reduces the level of pro-
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apoptotic polypeptide(s) in the conditionally immortalized stem cell is an agent that
interferes with expression of pro-apoptotic polypeptides. In some embodiments, &n agent
that interferes with the expression of pro-apoptotic polypeptides interferes with expression
at the translational level or at the ranscriptional level of expression. In certain
embodiments, an agent that interferes with expression of a pro-apoptotic polypeptide is an
RNAt1 molecule, {e.g., a molecule that interferes with RNA by cleavage of or binding to
mRINA encoding a pro-apoptotic polypeptide, for example, mRNA that encodes a
polypeptide comprising the BH3 domain). In some embodiments, an RNAI molecule 18
generated by any suitable means, including by sIRNA, miRNA, dsRNA, and/or shRNA. In
certain other embodiments, an agent that interferes with expression of a pro-apoptotic
polypeptide is a small molecule, ¢.g., a small organic molecule.

e677)  In some embodiments, an agent that inhibits the activity or level of pro-apoptotic
polypeptide(s) within a stem celf relative 10 a wild-type stem cell of the same type acts
directly on the pro-apoptotic polypeptide. For example, in some embodiments, ap agent thar
induces cell immortality comprises an agent that binds to and inhibits the activity of a pro-
apoptotic polypeptide, such as an antibody or small molecule that binds to and disrupts the
natural function of a pro-apoptotic polypeptide.

[0g78) In certain embodimensts, an agent that induces cell immortality, e.g., a polypeptide or
3 ransgene encoding a polypeptide that induces immortality, 18, by way of non-limiting
example, n-Myc. c-Myc, FMye, v-Mye. mTOR, cyclin D1, cyclin D3, STAT3, STATS,
AML-ETO, AKT, ION-1, hTERT, PDK-1, MLL-ENL, IL3 receptor 3 chain, P-catenin,
Hedgehog family (Shh, Ihh, Dhh), Bmi-1, c-Jun, Want, Bel-2, Bel-6, Bel-16, epidermal
growth factor receptor (EGFR, ErbB-1. HER1), ErbB-2 (HER2/meu), ErbB-3/HER3, ErbB-
4HERA, EGFR higand family: insulin-like growth factor receptor (1GFR ) family, IGF-
binding proteins JGEFBPs), IGFR ligand family; platelet derived growth factor receptor
(PDGFRY) family, PDGER higand family; fibroblast growth factor receptor (FGFR) family,
FOFR ligand family, vascular endothelial growth factor receptor (VEGFR) family, VEGF
family: HGF receptor family; TRK receptor family; ephrin (EPH) receptor family; AXL
receptor family; leukocyte tyrosine kinase (LTK) receptor family; TIE receptor family,
angiopoietin 1,2; recepior tyrosine kinase-like orphan receptor (ROR) receptor farmly;
discoidin domain receptor {DDR) family; RET receptor family; KLG recepror family; RYK
receptor family; MuSK receptor family; Transforming growth factor B (TGF-B) receptors,

TOF-beta.; Cytokine receptors, Class T (hematopoietin family) and Class I (nterferon/TL-
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10 family) receptors, tumor necrosis factor (TNF) receptor superfamily {TNFRSFEY, death
receptor family: cancer-testis (C7) antigens, lineage-specific antigens, differentiation
antigens, alpha-actinin-4, ARTC1 |, breakpoint cluster region-Abelson (Ber-abl) {usion
products, B-RAF, caspase-5 (CASP-5), caspase-8 (CASP-8), .beta.-catenin (CTNNB1). cell
division cycle 27 (CDC27), cyclin-dependent kinase 4 (CDK A4y, CDEKN2A, COA-1, dek-can
fusion protein, EFTUD-2, Elongation factor 2 (ELF2), Ets variant gene 6/acute mycloid
feukemia 1 gene ETS (ETCS6-AMLY) fusion protein, fibronectin (FNY, GPNMB, low
density liptd receptor/GDP-L fucose: B-Dygalactose 2-g-Lfucosyltransferase (LDLR/FUT)
fusion protein, HLA-A2, argininc to isoleucine exchange at residue 170 of the .alpha.-helix
of the .alpha.2-domain in the HLA-A2 gene (HLA-A*201-R170D), HLA-A11, heat shock
protein 70-2 mutated (HSP70-2M), KIAA0205, MART2. melanoma ubiquitous mutated 1,
2,3 (MUM-1, 2, 3), prostatic acid phosphatase (PAP), neo-PAP, Myosin class I, NFYC,
OGT, 0S-9, pmi-RARalpha fusion protein, PRDXS, PTPRK, K-ras (KRAS2), N-rag
(NRAS), HRAS, RBAFA00, SIRT2, SNRPD1, SYT-SSX or -SSX2 fusion protein,
Triosephosphate lsomerase, BAGE, BAGE-1, BAGE-2,3,4,5, GAGE-1.2,3.4,5,6,7.8, GnT-
V (aberrant N-acetyl glucosaminy! wansferase V., MGATS), HERV-K-MEL, KK-LC, KM-
HN-1, LAGE. LAGE-1, CTL-reccognized antigen on melanoma (CAMELY, MAGE-Al
(MAGE-1. MAGE-A2, MAGE-A3, MAGE-A4, MAGE-AS, MAGE-AG, MAGE-AS,
MAGE-AY, MAGE-AT0, MAGE-ATL, MAGE-AT2, MAGE-3, MAGE-B1, MAGE-RZ,
MAGE-B3, MAGE-B6, MAGE-C1, MAGE-C2, mucin 1 (MUCT), MART-1/Mclan-A
{(MLANAG, gpl00, gpl00/Pmell7 {SILV), tyrosinase (TYR]), TRP-1, HAGE, NA-RE, NY-
ESO-1, NY-ESO-1/LAGE-2, SAGE, Spi17, S§X-1.2.3.4, TRP2-INT2, carcino-embryonic
antigen (CEA), Kallikremn 4, mammaglobin-A, OAl, prostate specific antigen (PSA), TRP-
Hgp75, TRP-2, adipophilin, interferon indocible protein absent in melanoma 2 {AIM-2},
BING-4, CPSF, cyclin D1, epithelial cell adhesion molecule (Ep-CAM), EphA3, fibroblast
growth factor-5 (FGF-5), glycoprotein 250 (gp250), EGFR (ERBB1), HER-2/neu (ERBB2),
interleukin 13 receptor .alpha.2 chain (111 3Ralphal), [L-6 recepior, intestinal carboxyl
esterase (iCE), alpha-feto protein { AFPY. M-CSF, mdm-2, MUC!, p43 (TP53y, PBF,
PRAME, PSMA, RAGE-1, RNF43, RU2AS, SOX10, STEAP], survivin (BIRCS), human
telomerase reverse transcriptase (hTERT), telomerase, Wilms' tumor gene (WT1), SYCP1,
BRDT, SPANX, XAGE, ADAM?2, PAGE-5, LTPI, CTAGE-1, CSAGE, MMA], CAGE,
BORIS. HOM-TES-85, AF15q14, HCAG661, LDHC, MORC, SGY-1, SPO11, TPX1, NY-
SAR-35 FTHLI7.NXF2, TDRDI, TEX15, FATE, TPTE, immunoglobulin idiotypes,
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Bence-Jones protein, estrogen receptors (ER), androgen receptors (AR), CD40, CD30,
CD20, CDIY, CD33, cancer antigen 72-4 (CA 72-4), cancer antigen 15-3 (CA 15-3), cancer
antigen 27-29 (CA 27-29), cancer amtigen 125 (CA 125), cancer antigen 19-9(CA 19-9), B-
human chorionic gonadotopin, squamous cell carcinoma antigen, neuron-specific enolase,
heat shock protein gp96, GM2, sargramostim, CTLA-4, 707 alanine proline (7T07-APY,
adenocarcinoma antigen recognized by T cells 4 (ART-4), carcinoembryogenic antigen
septide-1 (CAP-1), calcium-activated chloride channel-2 (CLCA2), eyelophilin B (Cyp-B),
human signet ring tumor-2 (HST-2), simian virus 40 (SV40) derived transforming genes
and proteins, Human papilloma vires (HPV) protemns (HPV-E6, HPV-E7, major or minor
capsid antigens, others), Epstein-Barr virus (EBV) proteins (EBV latent membrane proteins-
-LMPY, LMP2; others), Hepatitis B or C virus proteins, Human immunodeficiency viras
(HIV) protemns, functonal homologs, functional analogs, or functional fragments thereof. In
certain cmbodiments, wansgenes that encode onco-peptides. other immortalization
transgences, functional homologs, functional analogues, or functional fragments thereof
utilized in any method described herein include wransgenes that encode a polypeptide that
induces cell viability, survival and/or proliferation.

160791 In certatn embodiments, a transgene that conditionally over-expresses a polypeptide
that induces cell immortality (¢.g., an onco~-peptide) comprises an clement that is responsive
to tetracycline or an analogue thereof (e g.. doxycyeling). In certain instances, the transgence
that encodes any polypeptide described herein (e.g.. an onco-peptide) is driven by tTA or
itTA {e.g., TRE-Myc). As such, in certain embodiments, a conditionally immortalized stem
cell deseribed hercin comprises a first fransgenc that encodes 2 polypeptide that induces cell
immortality, whercin the first transgene comprises one or more TREs and further comprises
a second transgene encoding a polypeptide that conditionally activates the one or more
TREs (e.g., tTA or rtTA).

[6088] In certain embodiments, a conditionally immortatized stem cell utilized in any
method described herein comprises a transgene that expresses a conditionally activated
polypeptide that induces cell immortahity (e.g., an onco-peptide}, wherein the polypeptide
expressed by the transgene is a fusion polypeptide. In some embodiments, the fusion
polypeptide of a polypeptide comprises a receptor (e.g., an estrogen receptor (ER), wherein
modulation {(e.g., agonism, antagonism, and/or binding with a ligand) of the receptor
activates the survival and proliferative characteristics of the fusion polypeptide. For

example, in certain embodiments the conditionally activated polypeptide s a fusion
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polypeptide of an onco-peptide, such as, by way of non-limiting example, Myc-ER. In some
embodiments, a conditionally mmortalized stem cell is produced by contactng the
conditionally immortalized stem cell with a conditionally activated polypeptide that induces
cell immortality (e.g., an onco-peptide), ¢.g., Myc-ER.

{00811 In some instances, an agent that induces tmmortality, ¢.g., an onco-pepude or anti-
apoptotic polypeptide i optionally expressed or synthesized outside the conditionally
imrnortalized stem cell and subsequently delivered to the conditionally immortalized stem
cell to be immortalized or conditionally immortalized. In certain embodiments, an agent that
induces cell immortality that is expressed or synthesized outside of the conditionally
immortalized stem cell and subsequently delivered 1o the conditionally immortalized stem
cell is produced by contacting the conditionally immoralized stem cell with a transduction
domain that enables the polypeptide to be delivered to the conditionally immortalized stem
cell. In certain specific embodiments, an agent that induces cell immortality that is
expressed or synthesized outside the conditionally immortalized stem cell and subsequently
delivered to the conditionally immortalized stem cell 18, ¢.g.. Tat-Myc, Vpr-Myc, VP22
Mye, Tat-Bel-2, Vpr-Bel-2, VP22-Bel-2, Tat-Bel-x. Vpr-Bel-x, VP22-Bel-x, Tat-Bel-X 1,
Vpr-Bel-XL, VP22-Bel-X1, Tat-Mcl-1,Vpr-Mcl-1, VP22-Mcl-1, Tat-CED-9 Vpr-CED-9,
VP22-CED-9, Tat-A1,Vpr-Al, VP22-A1, Tat-Bf1-1,Vpr-Bfi-1, VP22-BiI-1, Tat-Bel-w,
Vpr-Bel-w, andfor VP22-Bel-w. In certain embodiments, an onco-peptide comprising a
receptor. e.g., ER or GR. also further comprises a transduction domain that enables the
polypeptide to be delivered to the conditionally immortalized stem cell, e.g., Tat-Myc, Vpr-
Myec, Tat-Myc-ER, Vpr-Myc-ER, VP22-Myc-ER, Tat-Myc¢-GR, Vpr-Myc-GR, and/or
VP22-Mye-GR.

0682} In certain instances, the conditionally immortalized stem cell comprising an agent
that induces cell immortality that comprises & transduction domain is prepared by culturing
a stem cell with the polypeptide comprising the transduction domain. In specific
embodiments, a conditionally immortalized stem ccll is prepared by culturing a stem cell
with (1} Tar-Mye, Vpr-Mye, Tat-Myc-ER,, Vpr-Myc-ER. VP22-Myc-ER, Tat-Mye-GR,
Vpr-Myc-GR, or VP22-Myc-GR; and (2) Tat-Bel-2, Vpr-Bel-2, VP22-Bel-2, Tat-Bel-x,
Vpr-Bel-x, VP22-Bel-x, Tat-Bel-X1L, Vpr-Bel-XL, VP22-Bel-XL, Tat-Mcl-1,Vpr-Mcl-1,
VP22-Mcl-1, Tat-CED-9 Vpr-CED-9, VP22-CED-9, Tat-Al Vpr-Al, VP22-A1, Tat-Bfl-
1,.Vpr-Bfi-1, VP22-Bfl-1, Tai-Bel-w, Vpr-Bel-w, or VP22-Bel-w, In some embodiments,

the polypeptide that comprises & transduction domain and is encoded by a protooncogene s,



5 cg. Tat-Mye, Vpr-Mye, Tat-Myc-ER., Vpr-Myc-ER, VP22-Myc-ER, Tat-Mye-GR, Vpr-
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Myc-GR, or VP22-Myc-GR. 1o certain embodiments, the conditionally immortalized stem
cells {e.g., bematopoietic stem cells) are those set forth or prepared by a method set forth in
U.S. 2607/0116691, which is hereby incorporated by reference for this disclosure,
wog3] In some embodiments, an immortalized or conditionally immortalized stem cell s
10 gencrated by contacting a stem cell with an agent that induces immortality, (e.g., an onco-
peptide or transgene expressing or over-expressing an onco-peptide). In some embodiments,
an immortalized or conditionally immortalized stem cell is gencrated by contacting a stem
cell with an agent that induces immortality, (e.g., an onco-peptide of transgene expressing
o1 sVer-ecxpressing an onco-peptide), in combination with at Jeast onc other agent selected
15 from an agent that: induces immortality, (e.g., another onco-peptide, and/or another
transgene expressing or over-expressing an onco-peptide), an inhibitor of an endogenous
antagonist of an inducer of cell immortality, an anti-apoptotic polypeptide, an inhibitor of
pro-apopiotic polypeptides, or 2 combination thereof.
{0084} Immortalized or conditionally immortalized stem cells {e.g., hematopoictic stem
2 cells) wilized in 2 method deseribed herein are prepared in any suitable manner. in some
embodiments, a conditionally imrmortalized stem cell is produced by contacting the
conditionally immortalized stem cell with a polypeptide and/or & wransgene (e.g,, an
oncogene or protooncogene encoding a polypeptide that indaces immortality. In certain

embodiments, the conditionally immorialized stem cell is produced by comacting the

o
N

conditionally irnmortalized stem cell with an onco-peptide (e.g., Myc} and/or a transgene
encoding an onco-peptide (e.g., Myc). In some embodiments wherein the immortalized or
conditionally mamortalized stom cells (e.g.. hematopoietic stem cells) utilized in method
described herein comprise a transgene that encodes an onco-peptide, any method described
herein optionally further comprises excising the transgene from the nuclens of etther the

30 imgnortalized or conditionally immontalized stem cell prior to differentiation, or from the
nucleus of the cell of a selected type following differentiation,

{0083] In certain crabodiments, stem celis (e.g., hernatopoietic stem cellsy utilized in
method disclosed herein comprise an onco-peptide or transgene expressing an onco-peptide

in combination with at least one other agent that induces cell immortality. Specific

G
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examples of such combinations include an onco-peptide or ransgene expressing an onco-
peptide {e.g,, Mye, Myc-ER, Tat-Myc, Vpr-Myc, Tat-Myc-ER,, Vpr-Myc-ER, VP22-Myc-
ER, Mve-GR, Tai-Mye-GR, Vpr-Mye-GR, VP22-Mye-GR, eyclin D1 cyelin D3, and/or
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HIF-1a) with an inhibitor of an endogenous antagonist of an agent that induces cell
immortality (e.g., an inhibitor of 4 cyclin-dependent kinase inhibitor (e.g.. pl6, p19, p21, or
p27) andfor an inhibitor of a wanscriptional repressor that suppresses expression of a gene
that induces cell immortality (e.g., a member of the MAD family of transcriptional
repressors {e.g., MAD-1)).

10686] In other embodiments, combinations of agents that induce immortality include an
onco-peptide or transgene expressing an once-peptide (e.g., Mye, Myc-ER, Tat-Mye, Vpr-
Myc, Tat-Myc-ER,, Vpr-Myc-ER, VP22-Myc-ER, Mye-GR, Tat-Myc-GR, Vpr-Myc-GR,
VP22-Myc-GR, cyclin D1, cychin D3, and/or HIF-1a) with an anti-apoptotic polypeptide
comprising one or more of a Bel-2 homology domain (e.g., Bel-2, Belex, Bel-XL, Mcl-1,
CED-9, Al, BfI-1, Bcl-w or the like); and/or an inhibitor of & pro-apoptotic polvpeptide
{e.g., BIM, PUMA, NOXA, BAK, BAX, BIK, BAD, BID, EGL-1). In certain
embodiments, specific combinations of agents that induce immortality in stem cells (e.g.,
hematopotetic stem cells) utilized in method disclosed herein are! a Mye polypeptide and a
Bel-2 polypepride; & Myce polypeptide and an inhibitor of & pro-apoptotic polypeptide, ¢.¢.,
BIM. In certain embodiments, the inhibitor comprises nucleie acids, amino acids, oris a
small organic molecule.

100871 In some other embodiments, stem cells (e.g., hematopotetic stem cells) utilized in
method disclosed herein comprise a combination of an inbibitor of an endogenous
antagonist of an inducer of stem cell immortalization with at least one other agent that
inducces stern cell immortalization, e.g., another inhibitor of an endogenous antagonist of an
inducer of stem cell immortalization, and/or an onco-peptide, and/or an anti-apoptotic
polypeptide, and/or an inhibitor of pro-apoptotic poltypeptides. Specific non-limiting
examples of such combinations include an inhibitor of MAD-1 with a Bel-2 polypeptide,
and an whibitor of MAD-1 with an inhibitor of a pro-apoptotic polvpeptide. e.g., BIM.
[#688] Also inciuded in certain embodiments are combinations of agents that induce cell
immortality, wherein at least one of the agents, up 0 and including all of the agents, is
conditionally expressed or activated. For example, such combinations include, by way of
non-limiting example, conditionally activated onco-peptides, ¢.¢., Mye-ER, Tat-Myc, Vpr-
Myc, Tat-Myc-ER,. Vpr-Myc-ER, VP22-Myc-ER, Myc-GR, Tat-Myc-GR, Vpr-Mye-GR
and/or VP22-Myc-GR, in combination with anti-apopiotic polypeptides, e.g., Bel-2, Tat-
Bel-2, Vpr-Bel-2, VP22-Bel-2, Tat-Bel-x, Vpr-Bel-x, VP22-Bel-x, Ta-Bel-X1, Vpr-Bel-

XL, VP22-Bel- XL, Tat-Mcl-1,Vpr-Mcl-l, VP22-Mel-}, Tat-CED-9 Vpr-CED-9, VP22~
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CED-Y, Tat-A1.Vpr-Al, VP22-A1, Tat-Bl-1 Vpr-Bil-1, VP22-Bl-1, Tat-Bel-w, Vpr-Bek
w, or ¥P22-Bel-w,

wosy]  Transgenes and polypeptides described herein are delivered to a plarality of stem
celis (e.g., hematopoietic stern cells) to be immoralized or conditionally immortalized in
any suitable manner such as, by way of non-limiting example, transfecting into a stem cell
using a vector, microinjection, transfection, wansduction, electroporation, or ke methods.
In certain instances, wansgenes ayc constructed inte 2 vector by any suitable techniques
including, e.g., using polymerase chain reaction to isclate a gene or a fragment of 2 gene or
genes from a genome. using restriction enzymes for the modification of 2 gene, or a
fragment of a gene or genes isolated from 2 genome, using nucleic acid modifying enzymes
such as topoisomerases, DNA ligases, DNA nucleases, and using methods refated 10
obtaining mRNA from a cell and converting mRNA to ¢cDNA and cloning the cDNA into
suitable veetor for further cloning.

[oa96]  In cerain embodiments, protein transduction is used to introduce the
immortalization agent(s} into the cells. For example, for protein transduction, the fusion
proteins have been purified prior w transduction. As a result, genetic modification of the
cell is not necessary in order to conditionally immortalize the cell.

199911 In certain embodiments, viral ransduction s used, In some embodiments, the gene
for unmortalization. such as Myc or Bel-2, is cloned into a viral vector in which the gene
expression is derived under the control of various viral inducers, such as herpes Simpiex
virus thymidine kinase inducer or HIV LTR (long term repeat) inducer. in specific
embodiments, the plurality of stem cells (e.g., hematopoictic stem cells) is contacted with a
viral vector comprising a nucleie acid sequence encoding a Myc gene, a Bel-2 gene, or a
combination thereof. In some embodiments, the plurality of stem cells (e.g., hematopoietic
stem cells} 1s contacted with 4 retroviral vector comprising a nucleic acid sequence
encoding & Myc gene, a Bel-2 gene, or a combination thereof. In some embodiments, the
plurality of stem cells (e.g.. hematopoictic stem cells) is contacted with an adenoviral vector
comprising a nucleic acid sequence encoding a Myc gene, a Bel-2 gene. or a combination
thereof. In some embodiments, the plarality of stem cells {e.g.. hematopoictic stem cells) is
contacted with a lentiviral vector comprising a nucleie acid sequence encoding @ Mye gene,
2 Bel-2 gene, or a combination thereof. In some embodiments, cell wansfection methods are
used for the delivery of transgene(s). Thus, in some embodiments, genes arce cloned into a

mammalian expression vectors and the vector containing the transgene is delivered by
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commercially available cell transfection agents based. e.g., on cationic lipid technologies. In
some embodiments, an clectroporation method, which is a variation of transfection
methodologies, 1§ optionally esed to deliver mammalian expression vectors. In certain
instances, for efficient transfection, the vector is lincarized before the vansfection.

[06%2) In some embodiments, any of the method deseribed herein utilizing an immortalized
or stem cell comprising a transgene that encodes a polypeptide that induce Immortality (e.g.,
an onco-poptide) further comprise excising the fransgene from the stem cell prior to
differentiation or from the differentiated cell following differentiation. In certain
embodiments, excision of the transgene 18 achicved via the use of a Cre-loxP or similar
systent, In this systern, the transgene that encodes the polypeptide that induces celi survivali,
cell viability and/or cell proliferation comprises a sequence element, c.g., a loxP locus (5~
ATAACTTCGTATA ATGTATGC TATACGAAGTTAT-3Y, inserted before and after the
transgene. In certain instances, the loxP sequence is recognized by a recombinase (e.g.,
Cre), which is optionally utilized to excise a transgene located between two loxPs (e.g., a
sequence element that encodes the polypeptide that induces cell survival, cell viability
and/or cell proliferation). [n one embodiment using Cre-loxP system, a viral plasmid s
constructed in which fusion transgene (e.g., Tat-Mye, Vpr-Myc, Tat-Mye-ER, or Tat-M Y ()
iy flanked by two loxP sequences. In certain embodiments, the transgene is integrated into
the genomes of a plurality of stem cells {e.g., bematopoietic stem cells) by any switable

method {e.g., transduction)).

Lifferentiation
[0693] In some embodiments, provided herein is @ method for preparing a plurality of celis
of a selected type, comprising:

{a). providing a stem cell;

(b). introducing » transgene encoding an agent that induces inunortality or an
onco-peptide that induces immortality into the conditionally immortalized
stem cell to produce a conditionally immortalized stem cell; and

(¢). inducing differentiation of the plurality of immortalized a plarality of stem
cells (e.g., hematoporenc stem cells) to a plurality of cells of the type.

180941 In certain embodiments, an immontalized stem cell utilized in any method described
herein is a conditionally smmortalized stem cell (ctlt-s1em cell). In some embodiments,

differentiation of a conditionally immornalized stem cell occurs under conditions wherein
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immortalization of the conditionally immortalized stemn cell is not induced. In other
embodiments, differentiation of a conditionally immontalized stem cell occurs under
conditions wherein mmmortalization of the conditionally immuortalized stem cell is induced.
[0693)  In some embodiments, a method disclosed herein further comprises contacting the
conditionally immortalized stem cell with a polypeptide that induces differentiation and/or a
transgene encoding a polypeptide that induces differentiation. In some embodiments, the
polypeptide comprises an export sequence and plasma membrane retention element. In
certain embodiments, when the polypeptide in the cell or expressed by the cell is retained on
the plasma membrane, the polypeptide further comprises a sequence that facilitates the
removal of the polypeptide from the cell surface. In certain embodiments, the sequence that
facilitates the removal of the polypeptide from the cell surface is a protease cleavage site, In
some embodiments, the protease cleavage site is the substrate of a serum protease.

[0696) In certain embodiments, the polypeptide that induces differentiation is a eytokine. In
certain embodiments, the cytokine is a growth and/or differentiation factor. In certain
embodiments, the growth and/or differentiation factor is EPO, THPO or G-CSF,

166971 A cell produced by a methed described herein is any cell that is differentiable from a
normal or wild type stem cell. For example, provided herein are method for preparing an
ervthrocyie (erythrocyie), a lymphoid cell, a B lymphocyte, a T lymphocyte, a natural killer
cell, a ncutrophil, a basophil, an cosinophil, a monocyte, a macrophage, a thrombocyte, or
the like from an immortalized or conditionally immortalized stem cell. In specific
embodiments, an erythrocyie is prepared from an immortalized or conditionally
immortalized stem cell. In other specific embodiments, a thrombocyte is prepared from an
immortalized or conditionally immortalized stom cell. In some embodiments. a
differentiated cell prepared according 1o any method described herein is an anucleated cell,
e.g., an erythrocyte.

[0098) Furthermore, selected types of cells prepared by differentiating immortalized or
conditionally immortalized stem cells according to any method described herein include, by
way of non-limiting example, Ivmphoid progentror cells, lymphoblasts, prolvmphocyte,
narve T cells, T helper cells, natural killer Cells, cytotoxic T cells, memory T cells,
regulatory T cells. v6 T cellg, progenitor B cells, carly pro-B cells, last pro-B cells, large
pre-B cells, small pre-B cells, immature B cells, mature B cells, plasma B cells, memory B
cells, B-1 cells, lymphoid dendritic cells, common myeloid progenitor cells,

megakarvoblasts, promegakayroblasts, megakaryocytes, thrombocvtes, proerythroblasts,
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3 basophilic erythroblasts, polychromatic erythroblasts, orthochromatic erythroblasts,
reticulocytes, ervthrocytes, mycloblasts, basophilic promyelocytes. basophilic myelocytes.
basophilic metamyelocytes, basophilic band cells, basophils, neutrophilic promyvelocyies,
neutrophilic myelocytes, neutrophilic metamyeclocytes, neutrophilic band cells, neumrophils,
cosinophilic promyclocytes, eosinophilic myelocyies, cosinophilic metamyelocytes,

tr  cosinophilic band cells, eosinophils, monoblasts, promenocytes, monocytes, macrophages,

myeloid dendritic cells, and mast cells. Moreover, in some embodiments, immortalized or

conditionally immortalized stem cellsdifferentiate into cells of non- lincages, such as cells
of epithelia, liver, lung, gastroinicstinal tract, brain, heart, skeletal muscle, and skin.

[6099] Tn some embodiments, a bone cell (osteocyte), cartilage cell (chondrocyte, fat cell

i

{(adipocyte), hung cell, or the like are prepared from an immortalized or conditionally
immortalized mesenchymal stem cell, In certain embodiments, a neuron, astrocyle,
oligodendrocyte. or the lke is prepared from an immortalized or conditionally immortalized
neural stem cell. In some embodiments, epithelial cells (e.g., a component cell of the
epithelium of a tissug) are prepared from an vomortalized or conditionally immortalized
20 epithelial stem cell. In cortain embodiments, keratinocyte or the like are preparcd from an
immortalized or conditionally immortalized skin stem cell. In some embodiments, a hair
follicular cell, an epidermal cell or the like are prepared from an immortalized or
conditionally immortalized follicular stem cell,
[86160] In certain embodiments, an immortalized or conditionally immortatized stem cell 18
25 differentisted {o a selected type of cell in any suitable manner. In some embodiments, an
immortalized or conditionally immortalized stem cell is differentiated by contaeting the cell
with an agent that induces differentiation, ¢.g., a cytokine. In certain embodiments,
contacting the immortalized or conditionally immortalized stem cell with an agent that
induces differentiation of the immortalized or conditionally immortalized stem cell
30 comprises culturing the agent {or combination of agents) with the immortalized or
conditionally immortalized stem cell. In certain instances, cvtokines are recognized by a
variety of cellular receptors on cell surface and trigger cellular responses functionally
associated with the receptor. In one aspect, utilized herein cytokine refers 1o any classes of

cytokine, including, an autocring cytokines, a paracrine cytokings or an endocrine cytokines,

3
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Agents utilized to induce differentiation {(¢.g., a cytokine) or combinations of agents are
optionally utilized. In specific embodiments, agents (e.g., cytokines) utilized in

differentiating immonialized or conditionally immortalized stem cells {e.g., hematopoietic
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stem cells) include, by way of mm—limiting example, one or more of an mterleukin (1)
family ranging from [L-1 through [L-35, an interforon (JFN), a leukocyte migration
inhibitory factor (LMIF), 2 Jeukemia inhibitory factor (LIF), onconstatin M (OSM),
osteopontin, erythropsietin (EPQ), thrombopaoietin (THPO), ansforming growth factor
beta (TGFB), a umor necrosis factars (TNFL stem cell factor (SCF), granulocyte colony
stimulating factor {G-CSF), granulocyte macrophage colony stimulating factor (G-CSF),
macrophage colony stimulating factor (M-CSF), beta-thromboglobuin, a C family
chemokine, a CC family chemokine, 2 CXC family chemokine, a CX3C family chemokine,

thrombocyte factor 4, 4 macrophage inflammatory protein. a tumor autocrine motility

. factor, a hepatocyte growth factor, a neuroleukin, a T-cell suppressor factor, a B-cell

getivating factor, an ectodysplasing, # Fas-ligand protein, OX40 ligand, RANK ligand, &
Iymphotoxin, or & combination thereof.

061011 For example, in some embodiments, inducing differentiation of an immortalized or
conditionally immortalized stem cell to an erythrocyte or an erythrocyte progenitor
according to any method described herein includes contacting {e.g., culturing) the
immortalized or conditionally immortalized stem cell with EPO. In further emhodimenm
inducing differentigtion of an immortalized or conditionally immortalized stem cell (o an
ervthrocyte or an erythrocyte progenitor according 10 any method deseribed herein includes
contacting (e.¢.. culturing) the immortalized or conditionally immortalized stern cell with
1L-3, 1L-6, G-CSF, and EPQ. Furthermore, in certam embodiments, indueing differentiation
of an immortalized or conditionally immortalized stem cell 10 & thrombocyte according to
any method described herein includes contacting {c.g.. culturing) the immonalized or
conditionally immortalized stern cell with THPG. In further embodiments, inducing
differentiation of an immornalized or conditionally immortalized stem cell to a thrombocyte
progenitor according 16 any method deseribed herein includes contacting (e.g., culturing)
the immortalized or conditionally immortalized stem cell with IL-3, IL-6, G-CSF, and
THPO. In some embodiments, cytokines, such as dexamethasone. B-estradiol, insulin
growth factor-1, and/or cyclosporin A, are uuilized in differentiation method described
herein.

160162 In some instances, prior to contacting the plurality of stem cells (e.g., hematopoictic
stem cells) with an agent that induces differentiation, an agent that induces immortalization,
e.g., an onco-peptide and/or transgene encoding an onco-peptide and/or anti-apoptotic

L Excision of the agent that

aus

peptide, is excised from the conditionally immortatized stem ce
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induces immortalization 1s achieved in any suitable manner, including via bacterial
recombinases {(¢.g.. Cre or Fipl.

166103} In specific ennbodiments, provided herein is a method for producing a plurality of
differentiated cells, comprising:

{dy.providing a stem cell;

{e). introducing a transgene cncoding an agent that induces immortality or a
polypeptide that induces immortality into the conditionally immortalized
stem eell to produce an immortalized or conditionally immortalized stem
cell; and

(fy. inducing differentiation of the immortalized stem cell 10 the selected type of
cell.

[66164] In various embodiments, the conditionally immortalized stem cell is, by way of non-
limiting cxample, a stem cell, a mesenchymal stem cell, a neural sicm cell, a epithelial ctem
ell. a intestinal stem cell, a cardiac myocyte progenitor stem cell, a skin stem cell, a
follicular stem cell, a skeletal muscle stem cell, an osteoblastic precursor stem cell, a liver
stemn cell, an embryonic stem cell or the like. In specific embodiments. the plurality of stem
cells (e.g., hematopoictic stem cells) 16 obtained from any suitable source. For example, in
some embodiments, a stem cell is obtained from the bone marrow, peripheral blood,
umbilical cord, or fotal tissuc of an individual or is procured from a source that obtained a
stem celi from the bone marrow, peripheral blood, umbilical cord, or fetal tissue of an
mdividual. in some embodiments, the plurality of stem cells {e.g., hematopoietic stem cells)
are obtained by anesthetizing the stem cell donor, puncturing the posierior superior iliac
crest with 2 needle, and performing aspiration of bone marrow cells with a syringe. In some
embodiments, the plurality of stem cells (c.g.. hematopoietic stem cells) is harvested from
circulating blood. In some embodiments, the plurality of stem celis (e.g., hematopoietic
stem cells) in the bone marrow are coaxed o migrate from marrow to circulating blood in
greater numbers by injecting the stem cell donor with a cytokine, such as granulocyte-
colony stimulating factor (G-CSF. In certain embodiments, the plurality of stem cells (e.g.,
hematopoietic stem cells) is harvested from a human umbilical cord or placenta. In some
embodiments, the source of the plurality of stem cells (e.g., hematopoietic stem cells) is the
developing blood-producing tissues of fetal animals. In humans, stem cells (e.g.,
hematopoietic stem cells) are found in the circulating blood of a human fetus by about 12 to

18 weeks.



s g6105] Furthermore, in some embodiments, provided hercin are method of preparing
progenitors or precursors of any of the cells deseribed herein. For example, in some
embodiments, any method described herein s utilized to prepare a progenitor or a precursor
of an erythrocyte or a thrombocyte. Such progenttors or precursors include, by way of non-
limiting example, 2 myeloid progenitor cell. Progenitor cells are cells with restricted

10 differentiation potential. They are produced from a plurality of stem cells (e.g.,

hematopoictic stem cells) and give rise to a subset of terminally differentiated, specialized

cells. For example, myeloid progenitor cells give rise to myeloid lineage cells and lymphoid
progenitor cells grve rise w lymphoid progenitor cells, such as T cell or B cells. In certain

embodiments, progenitor cells are produced according to any method described herein,

)

190106) In certain embodimensts, cells prepared by any of the method deseribed herein are
further separated to achieve homogeneity of the final cell product. Ervthrocytes, for
exampie. go through diverse stages of different morphotogy and characters during
differeptiation method. In certain embodiments, in order to collect a plurality of
erythrocytes that are substantially bomologous, various methods are employed to separate
a0 erythrocytes according to their shape, size, weight, and/or volume. Various separation
methods include, by way of non-limiting example, centrifugation, use of sorting machines,
or fihering. In cestain embodiments, when terminally differentiated products are nor readily
distinguishable from non-differentiated cells in the culture, the terminally differentiated
products are separated by the presence of marker(s) specifically associated with the
25 terminally differentiated form of cell. For example, in some embodiments, n order 10
isolate terminally differentiated macrophages, a culture containing a mixture of
macrophages, immortalized or conditionally immortalized stem cells and other progenitor
cells are treated with fluorescent-conjugated Gr-1 antibodies 1o identify macrophages in the
culture. In some embodiments, the identified macrophages are isolated to a homogencous
30 population by the use of FACS equipment.
001671 In certain embodiments, progenitor cells that are not terminally differentiated are
praduced by any of the method described herein. For example, m some embodimens,
subjects in need of a sustained blood supply rather than instant infusion of & large quantity

of ervthrocytes is defivered reticutocytes or proerythroblasts prepared according to a method

s
S

described herein for sustained in vive production of erythrocytes. In cenain embodiments, in
order to facilitate differentiation from immortalized or conditionally immortalized stem

cells to progenttor cells rather than terminally differentisted cells, cytokine selection,
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cancentration, and/or the time of removal from the culture medium arc optionally edjusted.
By adjusting these parameters, for example, erythrocyte differentiation is directed toward a
condition favoring the production of proerythroblasts rather than to the terminally
differentiated erythrocytes, In certain embodiments, progenitor cells are identified and/or
isolated in any suitable manner. In certain embodiments, isolation wentification and/or
separation are achieved by, by way of non-limiting example, the use of FACS equipment. In
some embaodiments, ervthrocyte nrogenitors are identified and/or isolated based on their
ability to attach to Ter-119 antibody. Figure 5 ilustrates differentiation of conditionally
immortalized a plurality of stern cells {e.g.. hematopoietic stem cells) into Ter-119

expressing ervthroid progenitors in vitro.

Ervthroeyies and Thrombocvies
166108] Furthermore, provided herein are differentiated cells (e.g., crythrocytes,
thrombocyies or progenitors thereof) prepared according to any method described herein,
1061091 In some embodiments, provided herein is a method for preparing an erythrocyte,
COTRpIISING:

{g).providing a conditionally immortalized stem cell; and

(h),inducing differcnuation of the conditionally immortalized stem cell into an

erythrocyie or an erythrocyte progenitor.

186116] In specific embodiments, inducing differentiation of a conditionally immortalized
stem cell into an ervthrocyte or a progenitor thercof comprises contacting the conditionally
immortakized sicm cell with erythropotetin (EPO).
[06111] In some embodiments, inducing differentiation of an immortalized or conditionally
immortalized stem cell w an ervthrocyte or an erythrocyte progenitor according w any
method described herein includes contacting (e.g., culturing) the immortalized or
conditionally immortalized stemm cell with EPQ. In further embodiments, inducing
differentiation of an immortalized or conditionally immortalized stem cell to an erythrocyte
or an erythrocyte progenitor according to any method described herein includes contacting
(e.g., culturing) the immortalized or conditionally immortalized stem cell with G-CSF, and
EPO. In some embodiments, inducing differentiation of an immortalized or conditionally
immortalized stem cell to an erythrocyte or an erythrocyic progenitor according to any
method described herein includes contacting (e.g., culturing) the immortalized or

conditionally immortalized stem cell with [L-3, G-CSF, and EPO. In certain embodiments,



5 inducing differentiation of an immortalized or conditionally immortalized stem cell to an
erythrocyte or an erythrocyte progenitor according 1 any method described hercin inchades
contacting (¢.g.. culturing) the immorialized or conditionally rmmortalized stem cell with
1L-3, G-CSF, 1L-6, and EPO. In further embodiments, mducing differentiation of an
immortalized or conditionally immortalized stem cell 1o an erythrocyte or an erythrocyte

10 progenitor according t© any method described herein includes contacting {e.g.. culturing)
the immortalized or conditionally immortalized stem cell with [L-3, G-CSF, evclosporine
A, and EPO. In further embodiments, inducing differentiation of an immortalized or
conditionally immortalized stem cell to an erythrocyte or an ervthrocyte progenitor

according to any method described herein includes contacting (e.g., culturing) the

wh

immortalized or condifionally immortalized stem cell with G-CSF and EPO and one or
more of [L-3, 1L-6, cyclosporine A, or TNF-q.
{80112) In some embodiments, provided herein is a method for preparing a thrombocyte,
comprising:

{i}. providing a conditionally immortalized stem cell; and
20 (i}, inducing differentiation of the conditionally immortatized stem cell into &

thrombocyte or a thrombocyte progenitor.

81131 In specific embodiments, inducing differentiation of a conditionally immortalized
stem cell into an erythrocyte or a progenitor thereof comprises contacting the conditionally

immortalized stem cell with thrombopoietin (THPO).

[1. Screening Method

106114} In certain embodiments, provided herem are method and kits for identifying
compounds that selectively induce diffarentiation of conditionally irnmortalized stem cells
{¢.g., hematopoietic stem cells) by:
30 (). providing a conditionally immortalized stem cell:
(b}. contacting the conditionally immortalized stem cell with a compound;
(1. detecting or measuring the effect of the compound on the state of
differentiation of the conditionally immortalized stem cell; and

(dy. opuionally isolating and characterizing the compound that was comacted with

Le2
N

the immortalized stem cell in the case that the identity of the compound is

unknown when contacted with the immonalized stem cell.
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100115] Any of the immortalized or conditionally immortalized stem cells disclosed herein is
used in 2 method of sereening for compounds that induce differentiation of the conditionally
immortalized stem cells (e.g., hematopoietic stem celis) into celis of a selected type.

[061161 In certain embodiments, contacting the conditionally immortalized stem cell with a
compound comprises contacting the conditionally immortalized stem cell with a compound
under conditions wherein the conditionally immortalized stem cell is not in the
immortalized state (i.e., external factors or molecules that are used to conditionally induce
the immortalized state have been removed from or have not been exposed to the
conditionally immortalized stem cells {e.g., hematopotetic ster cells), For example, in
some embodiments wherein the conditionally immortalized stem cell is produced by
contacting the conditionally immortalized stern cell with @ Myce-ER or Mye-GR
polypeptide, the conditionally immortalized stem cell is contacted with the compound in the
ahsence of an estrogen receptor modalator or ligand {(e.g., tamoxifen or 4-
hydroxytamoxifen) or the glucocorticoid receptor ligand (e.g., mifepristone). Thus, in these
specific eobodiments, the ER or GR 18 not activated and the Myc domain of the fusion
polypeptide remains non-functional. In some embodiments, the conditionally immortalized
ccll comprises TRE-Myc, e.g., Myc activated by {TA or iTA, and the conditionally
immortalized stem cell s contacted with the compound while the TRE-Mye is inactivated,
¢.g., in the absence of tetracycling in the case of (T A activated Myc and in the presence of
doxyeyeline in the case of riTA activated Mye.

[60317] In some instances, prior to contacting a plurality of stem celis {¢.g., hematopoictic
stemn cellsy with a compound 1n the screening method, an agent that induces
immortalization, c.g., onco-peptide and/or transgene encoding an once-peptide and/or anti-
apoptotic peptide, is excised from the conditionally immortalized stem cell. Excision of the
agent that induces immortalization is achieved in any suitable manner, inclnding via
bacterial recombinases {e.g., Cre or Flp).

(66118} In certain embodiments, the screen for identifying compounds that induce
differenniation is done in the absence of EPQ. In such cases, the compounds identified by
the screen induce differcntiation of the conditionally immortalized stem cells (e.g.,
hematopotetic stem cells) to cells of selected type, e.g.. ervihrocyies, without the assistance
of EPO. In some embodiments, when the screen 1s conducted m the absence of EPO,
expression of the EPO receptor is disrupted. Compounds identified by the sereening method

disclosed herein that induce differentiation of 4 plurality of stem cells (e.g., hematopoietic
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s stem cells) to erythrocytes in the absence of EPO 1s administered therapeutically without the
risk of developing erythroleukemia from chronic administration of EPO.
1001191 In other erbodiments, the screen for compounds that induce differentiation of a
plurality of stem cells {¢.p., hematopoietic stem cells) 1s conducted in the presence of EPO.
When EPO is present, compounds identified by the screening method modulate (e.g.,

16 increase or decrcase) the activity of EPO. Compounds that modulate the activity of EPO

identificd by the screening method disclosed herein are effective for the treatment of

ervthroid leukemias,

(041261 In certain embodiments, the screen for identifving compounds that induce

differentiation is done in the absence of THPO. In such cases, the compounds identified in

..._
n

the screen induce differentiation of the conditionally immortalized stem cells (e.g.,
hematopoietic stem cells) 10 cells of selected type, e.g., thrombocytes, without the assistance
of THPO. In some embodiments, when the screen is conducted in the absence of THPO,
expression of the THPO receptor is disrupted. In other embodiments, the screen is
conducted in the presence of THPO. When THPO is present, compounds identified by the
2 screening method modulate {e.g., increase or decrease) the activity of THPO.
{60121} In certain embodiments, detection or measurement of the effect of the compound on
the state of differentiation of the conditionally immortalized stem cell is achieved by any
suitable method, including, by way of non-limiting example. gaim-of-function screens, gene-
expression and microarray analysis, immunocytochemistry, labeled-antibody detection or
25 measurement of cellular markers, HPLC analysis of cellular molecular signatures, small-
molecule fluorophore screens, and cellular functional analysis.
(66122} In certain embodiments, the compounds contacted with the cells are isolated by
suitable methods known by those of ordinary skill in the art, e.g, by way of non-limiting
cxample. gas chromatography, high performance liquid chromatography, flash
30 chromatography, precipitation, and crystallization. In certain embodiments, the compound
characterized is characterized using suitable methods known in the art, e g., by way of non-
limiting example, NMR, IR, mass spectrometry, and X-ray crystallography.
[#6123] Tn some embodiments, provided hercin 18 a compound 1dentified by any method

described heretn. The compound is tdentificd by screening individual compounds or

(9%
n

mixtures compounds. The conditionally immortalized stem cells (e.g., hematopoietic stem
cells) are optionally comtacted with individual compounds or collections of compounds, ¢.g.,

combinatorial libranies of compounds. Compounds are screened in @ high-throughput
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manner, using colorimetric analysis to identify compounds that induce differcntiation or
modulate the activity of other differentiating agents.

100124 In certain embodiments, kits for identifying compounds suitable for inducing
differentiation of a plurality of stem cells (e.g., hematopoietic stem cells), particularly
conditionally immortalized stem cells (e.g., hematopoietic stem cells), comprise a plurality
of a plurality of stem cells (e.g., hematopoietic stem cells), particularly conditionally
immortalized stem cells (e.g., hematopoietic stem cells). wherein the kit describes the
screening method for identifving compounds that induce differentiation of a phurality of

stemn cells (e.g., hematopoietic stern cells] set forth herein.

HI Methods of Treatment

106125] Cells prepared according to any method herein are optionally used therapeutically or
as sources of cells for rescarch purposes.

Enucleated Cell Deficiency Disorders
{98126) Disclosed herein, in certain embodiments, is a method of treating a disorder
characterized by a deficiency of anucicated cells, comprising: administering an anucleated
cell prepared according to a method discloged herein, In some embodiments, the disorder is
an anemia (c.g., aplastic anemia. pernicious anemia, iron deficiency ancmia, sickie cell
anemia, spherocytosis. hemolytic ancmia), Gaucher’s disease, hemolysis, neutropenia,
thrombocyiopenia, granulocytopenta, hemophilia, Hodgkin's tymphoma, Non-Hodgkin's
tymphoma, B cell chronic lvmphoma, Burkitt’s lymphoma, Follicular-like lymphoma,
diffused large B-cell lymphoma, multipie mycloma, acute myeloid leukemia, pre-B acute
tvmopheytic leukemia, pre-T acute lymphocytic jeukemia, acute promeylocytic leukemia,
refractory leukemia, or combinations thereof In certain instances. the disorder characterized
by an deficiency in anucleated cells results from (partially or fully) chemotherapy. Tn some
embodiments, an anucleated cell produced by a method disclosed herein is co-administered
with chemotherapy.
[00127) In some embodiments, thromboeytes, erythrocytes or progenitors thereof are
administered to or ransfused into an individual in need thereof, e.g., suffering from a loss of
blood. Tn some embodiments, a patient suffering from a low number of a subset of myeloid
cells 1s treated by giving myeloid precursor cells 1o compensate for myeloid deficiency. In
certain embodiments, wherein an immediate ransfusion s needed, large quantities of

ervthrocytes andfor thrombocytes prepared according to method described herein are
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administered to an individual. In some embodiments, sustained transfusion of blood andfor
thrombocyies is desired and progenitors of ervthroeytes and/or thrombocytes arc
administered to the individual.
168128} Cells of a selected type prepared according to any method described hercin are
optionally utilized in cell replacement therapy and/or in a supplementary therapy to subject
with various conditions including, by way of non-limiting example, anemia, neutropenia,
thromocytopenia, granulocytopenia, Hodgkin's lymphoma, Non-Hodgkin’s lyrmphoma, B
cell chronic lymphoma, Burkitt's lymphoma, Follicular-like lvmphoma. diffused large B-
cell lymphoma, multiple myeloma, acute myeloid leukemia, pre-B acute lymopheytic
teukemia, pre-T acute fymphocytic leukemia. acute promeylocytic leukemia, refractory
leukemia, or combinations thercof.

Delivery Devices
1001291 Cells prepared according to any method disclosed herein are optionally administered
to patients as delivery vehicles for polypeptides of interest, ¢.g., for therapeutic or
diagnostic purposes. For example, key advantages of using cells prepared by the method
described herein, e.g., erythrocytes and thrombocytes. for protein delivery include the
transicnt nature of the cells, the lack of genetic material in the fully mature, anuclcated cells,
and the tolerance of the “self vessel™ for delivery by the lvmphoid compartment from
ontogeny.
In some embodiments, the polypeptide 1s a therapeutically beneficial polypeptide. in other
embodiments, the polypeptide is a diagnostic polypeptide. In certain embodiments, a
polypeptide is not an onco-pepiide. In some embodiments, a polypeptide comprises an
export sequence and plasma membrane retention clement, such that the polypeptide in the
cell or expressed by the cell is retained on the plasma membrane. In some non-limiting
embodiments, the plasma membrane retention element 15 2 GPI-linked protein, CDS, or
CD16. In certain embodiments, when the polypeptide in the cell or expressed by the cell is
retained oa the plasma membrane, the polypeptide further comprises a sequence that
facilitates the removal of the polypepride from the cell surface, such as a protease cleavage
site. In some embodiments, the protease cleavage site is the substrate of a serum protease,
for example, a human serum protease. Cells produced in this manner are used to deliver
specific peptides to a patient by introducing them into the peripheral blood of a patient,
where secrum proteases will cleave and release the peptide from the cell surface. Cells

expressing selected polypeptides on the plasma membrane, including cleavable
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polypeptides that arc produced in the manner disclosed herein are vehicles for delivery of
therapeutic proteins. For example, 1o certain embodiments, when erythrocytes are vsed as
vehicles for protein delivery, key advantages include the transient nature of the erythrocytes
and encoded proteins that they deliver. the {ack of genetic material contained in the fully
mature, anucleated erythrocytes, the use of a vessel for protein delivery that is tolerated by
the tymphoid compartment from ontogeny, and ability to generate the cells for delivery in
vitra,

1061361 In some embodiments, the polypeptide s a decoy receptor. In certain embodiments,
the decoy receptor i a eytokine receptor. In some embodiments, the cytokine receptor is
soluble. in certain embodiments, the decoy receptor is IL3R-Fe, ILAR-Fe, TNF-aR-FC,
IFN-gR-Fc, or BAFFR-Fe.

{06131] In other embodiments, a polypeptide is 2 toxin. In certain embodimemns, the toxin is
ricin or diphtheria toxin.

(06132} In some embodiments, a polypeptide is an angiogenesis inhibitor,

(661331 In other embodiments, a polypeptide is a proangiogenic factor.

0134 In stll other embodiments, a polypeptide is a lymphangiogenic factor.

1661331 In further embodiments, & polypepride 14 & vasodilatory peptide.

1661361 In other embadiments, a polypeptide 15 an antigen.

160137} In still other embeodiments, a polypeptide is a protease, In certain embodiments, the
protease is specific for fibrotic tissues in embolitic masses.

{#0138] In some embodiments, & polypeptide is a receptor for & microbe, ¢.g., & virus, 2
bacterium, a fungus. & protozoon, or & parasite. In some specific embodiments, the microbe
receptor is a genetically modified microbial receptor that out-competes endogenous
receptors for the microbe due to a mgher binding affinity for the microbe.

96139} In some embodiments, a cell produced by a method disclosed herein is a delivery
vehicie for a polypeptide angiogencsis inhibitor. In other embodiments, a polypeptide is a
pro~-angiogenic factor and/or fvmphangiogenic factor, and such cells produced by 2 method
disclosed herein 8 administered to patients 1o deliver the polypeptides for the treatment of,
for example, frost bite, cancer-related vasoconstriction, or rhcumatic arthrits.

{60140} In still other cmbodiments, a polypentide in a cell or expressed by a cell produced by
any of the method disclosed herein is a vasodilatory peptide. In this manner, cells produced
by the method disclosed herein are vehicles for delivering the proteins for the treatment of

vascular constriction during cardiac infarction, child delivery, or migraine headaches.
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1681411 In other embodiments, a polypeptide 15 an antigen. Cells produced by the method
disclosed herein that express an antigen are vehicles for delivery of thetigens 1o produce an
HNMUne response,

{60142] In some embodiments, such cells are delivered to patiemts in conjunction with toll-
fike receptor Iigands {TLR ligands) in order to boost life-long immunity.

{00143] In sull other embodiments, a polypeptide is a protease. In certain embodiments, the
protease is specific for fibrotic tissues in embolitic masses. in certain embodiments, for
example, cells produced by the method disclosed herein that express proteases specific for
fibrotic tissues In embohitic masses are administered to patients to alleviate blood clot
formation or to reduce the risk of pulmonary embolisms.

100144} In some cmbodiments, a polypeptide 8 a receptor for a virus, In some embodiments.
cells expressing viral receptors produced by the method disclosed herein are administered to
patients to, for example. decrease viral load by sequestering viruses from their natural target
cells,

{008145] Figure 6 tlustrates reconsutation of erythrocytes in vive after lethal irradiation by
transplant of conditionally immortalized stem cells (e.g., hematopotetic stem cells) -
macroscopic view L Figure 7 illustrates reconstitution of erythrocyies in wive after lethal
irradiation by transplant of conditionally immortalized siem cells (e g, bematopoietic stem
cells) — macroscopic view 11 Figure 8 rHustrates reconstitution of erythrocytes in vivo after
lethal irradiation by transplant of conditionally inmmmortalized stem cells {¢.g., hematopuietic

stem cells) — microscopic view of anucicated erythrocytes.

IV, Bigreactors

j00146] In some embodiments, production of differentiated blood cells (¢.g., erythrocytes or
thrombocytes) is achieved by the use of biorcactors. In certain embodiments, the bioreactors
are flow reactors or batcl reactors. In specific embodiments, flow reactors are continuous
flow rcactors or batch-flow reactors. In certam embodiments, synthesis m a reactor s
achieved by seeding 4 vessel with an immortalized or conditionally immortalized stem cell
population. s some embodiments, the immortalized or conditionally immortalized stem cell
population is induced or allowed 1o prolfiferate (e.g., due to promotion of cellular survival,
viability and/or proliferation caused by a polypeptide therein. Once a sufficient population
(e.g., atleast 0.1 kg, 1 kg, 10 kg. or 100 kg of immortalized or conditionally immortalized

stem celis are prepared, the condinonally immortalized stem cells (e.g., hemaropoietic stem
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cclis) are contacted with a culture medivm that induces differentiation of the conditionally
immortalized stem cells (e.g., hematopoietic stem cells) to the desired cells, e.g., according
to any method described herein. In certain embodiments, the differentiated cells (e.g..
progenitors andfor werminally differentiated cells ) desired are then collected.

180147] Immortalized or conditionally immortalized stem cells described herein are capable
of being cryvopreserved (e.g., for less than about 1 day, about I day, about 2 days. about 3
days, about 4 days, about 5 days, about 6 days, about 7 days, about 2 weeks, about 3 weeks,
about 1 month, gbout 3 months, about 4 months, sbout & months, about & months, about ¢
months, about 12 months). This feature aliows for convenient on-demand synthesis of a
selected type of cells on a large scale. In certain embodiments, immortalized or
conditionally immortalized stem cells are processed to remove the immortalization genes
and are then cryopreserved for future differentiation. In some embodiment, immortalized or
conditionally immortalized stem cells are differentiated into a progenitor, for example a
megakaryoblast, and cryopreserved for immediate production of thrombocytes.

[60148) Provided in certain embodiments herein is a reactor system, comprising:

(k). feeder vessel comprising & plurality of conditionally immortalized stem cells
{¢.g., hematopoietic stem cells);

{1). a reaction vessel comprising a plurality of conditionally immortalized stern
cells (e.2., hematopoietic stem cells) and an agent for inducing differentiation
of the conditionally immonalized stem cells (e.g., hematopoietic stem cells)
into erythrocytes or thrombocyies, wherein the reaction vessel 1s in
communication with the feeder vessel; and

{m). & downstream harvest vessel in communication with the reaction vessel, the
harvest vessel comprising a phurality of the ervthrocyies or thrombocytes,

[00149] In certain embodiments, the feeder vessel further comprises an agent for inducing
proliferation of the conditionally immortalized stem cells (e.g., hematopoictic stem cells). In
some embodiments, the system further comprises a reactor management system that
regulates the communication between the reaction vessel and the feeder vessel, and between
the reaction vessel and the downstream harvest reactor. In certain embodiments, the
conditionally immortalized stem cell is produced by contacting the conditionally
immortalized stem cell with a Myc gene or polypeptide and optionally a Bcl-2 gene (i.e., a
Bcl-2 wansgene) or polypeptide. In some embodiments, the conditionally immortalized stem

cell is produced by contacting the conditionally immortalized stem cell with a Myc-ER
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fusion gene or fusion polypeptide and optionally a Bel-2 gene or polypeptide. In certain
embodiments, the agent for inducing prokiferation of a plurakity of stem cells (e.g.,
hematopoietic stern cells) & an estrogen receptor modulator. In some embodiments. the
agent for inducing differentiation of the conditionally immonalized stem cells (e.g.,
hematopoietic siem cetls) to erythrooyies is 11L-3 and EPO. Tn certain embodiments, the
agent for inducing differentiation of the conditionally immontalized stem cells (e.g.,

hematopoietic stem cells) to thrombocytes is 1L-3 and THPG.

EXAMPLES
Example 1
j06150] Figure 1A illustrates a schematic representation of retroviral constructs used to
transduce primary murine HSC cells with MYC.ER and Bel-2, Vanants of the pMSCV
backbone are generated to encode the ¢cDNAs for human MYCER or Bel-2 as well as an
IRES clement and a reporter gene (EGFP), The resulting viruses generate bigistronic
transcripts such that the level of reporter gene expression correlates with the level of
expression of the first cDNA. Figure 1B ilustrates Flow cytomeitric analvses of HSCs
obtained S-fluorouracil treated donors following transduction with pMIG-AMYC.ER and
pMIG-Bel-2. Figure {C tllustrates kinetics of leukemogenesis in mice transplanted with the
transduced HSCs shown in panel B, Cohorts of lethally irradiated mice are transplanted
with 10° HSCs that have been wansduced with pMIG-MYC.ER and pMIG-Bcl-2. One week
after wransplantation, the mice are given weekly mjections of 4OHT, The curve represents
the percentage of surviving mice at a given point in time after the 4OHT injections began
{(day O in the graph). All of the mice died uniformiy of an AML-like leukenya, The data
shown here are from one experiment representative of 4 independent experiments. Figure
1D itlustrates FACS analysis of a ctit-hematoporetic stem cell soon after recovery from the
bone marrow of leukemic mice, At an carly stage of the method of estabiishing a
conditionally immortalized hematopotetic stem cell hine, the cells uniformly express high
levels of GFP, predominantly express high levels of c-kit and Sea-1, and do not express Flk-
2, CD34 or lineage markers such as CD19, B220 (shown in the figure), or Thy!.2, Mac-1,
Gr-1, Ter-119. Figure 1E illustrates FACS analysis of a conditionally immortalized
hematopotctic stem cell line that has been established. Once the conditionally immortalized
hematopoietic stem cell line is expanded and cryopreserved, it retaing a stable surface

phenotype that is represented in panel B. These cells exprass high lovels of Sca-1, but have
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reduced surface levels of ¢-Kit, and remain negative for Fik-2, CD34, B220, CD19 or the
other lineage markees (thy 1.2, Gr-1. Mac-1. Ter-119; not shown). The reduction of ¢-kit
levels from the surface appears to be a result of continuous signaling, since they require G-
CSF to retain their HSC-like phenotype. Figure 1F ilfustrates FACS analysis of stem cell
marker in normal, unmanipulated Hematopoietic stem cells from the bone marrow of wild
10 type C57/BL6 mice. Bone marrow stem cells are obtained from wild type, unmanipulated
C57/BLA mice. The cells are stained with anmtibodies to c-kit, sca-1, Flk-2, and CD34, in
order to compare the expression levels of the marker proteins by normal HSCs and in the
ctli-hematopoietic stern cell lines.

Example 2

fou151) Figure 2 illustrates analysis of clonality of conditionally immortalized hematopoieatic

;-J!

stem cell lines by PCR amplification of retroviral insertions. We isolate genomic DNA. from
normal bone marrow cells obtained from C57/BL6 mice, or from two parental cell lines, or
seven cell Hines derived from single cell clones of the parental cell lines. The integrated
retroviral mnsertions are amphified with a nested two-stage PCR procedure. Lane 1 shows the

20 pattern of normal C57/BLG cells. Lanes 2 and 3 show the pattern of retroviral integrations in
multiclonal cell lines. Lanes 4-10 show the patiern of retroviral msertions in cell lines
originally derived from single cell clones of either parental cell line. Like the parental lines,
clonal populations are able to rescue mice from lethal irradiation and give rise to
hematopoietic lincages.

25 Exemple 3
[66152] Figure 3 illnstrates the characterization of mature immune cells that arise following
transplantation of ctlt-hematopoietic stem cells. Figure 3A illustrates frequency of cells
derived from ctlt-hematopoietic stem cells In lymphoid tssues after transplanmation. Cohorts
of C57/BLG mice are lethally irradiated and given transplants consisting of 10° ctlt-

30 hematopoietic stem cells and 3x10° carrier whole bone marrow cells derived from Rag-17"
mice. The cells that develop from conditionally immortalized hematopoietic stem cells are
traced in vivo by virtue of the retrovirally encoded reporter gene, GFP. The frequency of
hematopoietic cells that express GEP in the bone marrow, thymus, spleen and lymph node

of chimaeric mice are represented in panel A. These histograms are derived from the organs
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in one mouse exemplary of each within a cohort of five. Figure 3B illustrates detection of
GFP+ myeloid lineage cells in the bone marrow. We stained bone marrow cells for Mac-1

and Gr-1. Panel B shows that while not all of the myeloid cells found in the bone marrow of
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chirmaeric mice express the retrovirally encoded reporter gene, a significant portion s GFP+
and hence are derived from the ctit-hematopotetic stem cells. Figure 3C illustrates analysis
of peripheral. mature lymphocytes in the spleen. Spleens from chimaeric mice were
analyzed by flow cytometry for mature T and B cells. Panel C shows the presence of
TCRoB T cells that are cither CD4 or CD8 single positive. In addition, panel C also shows
the detection of CD19+ B cells that express IgM and IgD on their surface. While the
frequency of mature T-cells in the spleen is comparable to what is found in wild type,
wnmampulated C57/BL6 mice, the development of B-cells s delayed. Figure 3D illustrates
analysis of peripheral. mature lymphocytes in transplant recipient mice following the
second serial passage of conditionally imrortalized hematopoictic stern cells. Spleens are
collected from chimacric mice, and single cell suspensions re prepared and used for FACS
analysis, The frequency of mature T and B cells found in recipients and wild type CS7/BL6
mice, arc compared. Panel D shows the presence of mature CD4 or CDS single positive
TCRof T cells in the spleens at a frequency similar 1o normal mice. CDI9+ TgM+ and gD+
B cells are present, albeit at a lower frequency than in normal mice,

Example 4

[86133] Figure 4 illustrates long-term rescue from fethal irradiation by ctit-hemuatopoictic
stem cells. Transplaniation of conditionally immoralized hematopoietic stem cells alone
does not confer radioprotection past the cris induced by loss of erythrocyies. Kaplan/Mayer
survival curves for cohorts of mice that are lethally irradiated and given transplants
consisting of 16" or 10° cells from two different conditionally immortalized hematopoietic
stemn cell lines {conditionally immonalized hematopoietic stem cell or conditionally
immortalized hematopotetic stem cell.2). All of the cohorts consisted of [0 mice and these
animuls uniformly died of severe anemia. We also represent the mortality curves of two
cohorts of mice that arc lethally irradiated and given 3x10° carrier whole bone marrow cells
derived from Rag-1"" mice along with 10 conditionally immortalized hematopoietic stem
cells from either cell line. The coborts consisted of 3-4 mice cach and the animals remained
alive and healthy for up to 6 months afier transplantation.

Example 5 — I vivo treatment of anemia by administration of ervthrocytes produced by a

method disclosed herein

{86134]) Two cohorts of healthy mice are given a sublethal dosc of rradiation to induce
anemia. The first group of anemic mice are administered erythrocyies {produced as

disclosed herein) in a suitable carmier. The second group of mice (the conrol mice) are
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administered only the suitable carrier, The mortality rate of the two groups of mice s
compared to determine the efficacy of adminiseation of ervthrocytes disclosed herein to
rescue the mice from anemia.

Example 6 — /n vive treatment of anemia in a renal fatlure mouse model

100155] Anemia 1s induced 1n a renal failure mouse model, as reported i the literature.
Hamamon, et al. .- Clin. Invest. (19935), 95: 1808-1813. Briefly. a two-step nephrectomy is
performed on 7-8 week old male nude mice. Anemia in the mice is confirmed by measuring
hematocrit levels. The mortality rate of mice receiving administration of erythrocytes
produced by a method disclosed herein is compared to the mortality rate of mice receiving
the carrier for the cells alone in ovder to determine the efficacy of administration of
erythrocyies disclosed herein for the treatment of anemia resulting from renal failure.
61567 While preferred embodiments of the present invention bave been shown and
described herein, it will be obvious to those skilled in the art that such embodiments are
provided by way of cxample only. Numerous variations, changes, and substitutions will
now occur to those skilled in the art without departing from the mvention. It should be
understood that various alternatives to the embodiments of the invention described herein is
employed in practicing the mvention. 1t s intended that the following claims define the
scope of the invention and thar methods and structures within the scope of these claims and

their equivalenis be covered thereby.
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WHAT IS CLAIMED IS:.

1. A method of preparing a plurality of anucleated cells comprising: culturing conditionally
immortalized stem cells in the presence of an agent for inducing differentiation to erythrocytes;
wherein the agent is IL-3 and EPO;
wherein the conditionally immortalized stem cells were generated by:

a, transfecting a plurality of stem cells with a first vector comprising: a nucleic acid

sequence encoding a MY C molecule;

b. transfecting the stern cells with a second retroviral vector comprising a nucleic

acid sequence encoding Bel-2 Bel-X, or a combination thereof;, and

c. culturing stem cells with IL-3, [L-6, stem cell factor, thrombopoietin, Fit3 ligand,
or a combination thereof’

and wherein the activity of the Myc molecule has been suppressed before differentiation.

2. The method according to claim 1, wherein the first vector further comprises the hormone-

binding domain of the human estrogen receptor.

3. The method according to claim ! or claim 2, further comprising inducing translocation of

the Myc molecule to a nucleus.

4. The method according to any of claims 1-3, wherein the first vector, the second vector, or
both the first and the second vector is Murine Stem Cell Virus (MSCV), or a derivative thereof;
optionally MSCV- (IRES)-GFP or a derivative thereof; optionally MSCV-(IRES)-GFP further
comprising woodchuck hepatitis B virus RNA regulatory element (WRE).

-

5. A method of producing a plurality of anucleated cells, comprising: culturing
conditionally immortalized stem cells in the presence of an agent for inducing differentiation to
erythrocytes; wherein the agent is IL-3 and EPO;

wherein the conditionally immortalized stem cells were generated by:

a, contacting a plurality of stem cells with an exogenously synthesized first peptide

comprising: a MYC molecule that translocates to a nucleus;

48



b. contacting the stem cells with an exogenously synthesized second peptide

comprising: Bcl-2 Bel-X, or a combination thereof; and

c. culturing stem cells with IL-3, IL-6, stem cell factor, thrombopoietin, Fit3 ligand,
or a combination thereof:
and wherein the first peptide is removed from contact with the condiionally immortalized stem

cells before differentiation.

6. The method according to claim 5, wherein the first peptide, the second peptide, or both

the first and second peptides comprise a transporter sequence.

7. The method according to any of claims 5-6, wherein the first protein, the second protein,

or both the first and second proteins comprise a TAT sequence or a VPR sequence.

8. The method according to any of claims 1-7, wherein the MY C molecule is c-Myc, I-Mye,

n-Mye, s-Mye, v-Myc or a combination thereof.

9. The method according to any of claims 1-8, further comprising contacting both the

plurality of stem cells with: estradiol (E2), 4-hyrdorgytamoxifen (4-OHT), or both.

10. The method according to any of claims 1-9, wherein the conditionally immortalized stem

cells further comprise one or more polypeptides of interest.

11.  The method according to any of claims 1-10, wherein the MYC molecule is MYC-ER.
12. The method of any one of claims 5-10, wherein the MYC molecule is TAT-MYC,

13. The method of any one of claims 5-12, wherein the Bel-2 molecule is TAT-Bel-2.

14. The method according to any of claims 1-4, wherein the second retroviral vector

comprises a nucleic acid sequence encoding Bel-2.
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