
DIFFERENTIATED  ANIJC ATED CELLS AND METHOD FOR PREPARING THE SAME
CROSS-REFERENCE 100011 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 100021
Anucleated cells include, but are not limited to, erythrocytes and thrombocytes. Erythrocytes and
thrombocytes are derived from the differentiation of hematopoietic stem cells. SUMMARY OF THE
INVENTION mini Disclosed herein, in certain embodiments, 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 2uconditionally
immortalized stem cells are 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 Bc1-2, Bc1-X, or a combination
thereof; and (c1 culturing the stem cells with IL-3, IL-6, stem cell factor, thrombopoietin, Fit3 ligand, or
a 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 a combination thereof In some embodiments, the MYC molecule is c-Myc, 1- Myc,
n-Myc, s-Myc, or a combination thereof. In some embodiments, the first vector further comprises the
hormone-binding domain of the human estrogen receptor. In some 30embodiments, the method
further comprises inducing translocation of the Myc molecule to a nucleus. In some embodiments, the
method further comprises contacting the plurality of 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 and the second vector is MSCV- 



(IRES)-GFP, or a derivative thereof In some embodiments, the first vector, the second  vector, or both
the first vector and the second vector is MSCV- 1RESEGFP, and further comprises woodchuck
hepatitis B virus RNA regulatory element (WRE). 100041 Disclosed herein, in certain embodiments, 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;
qiwherein 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 stein cells with an exogenously synthesized second peptide comprising:
Bel-2, BCL-X, or a combination thereof; and (c) culturing the stem cells with IL-3. IL-6, stem cell factor,
thrombopoietin, F1t3 ligand, or a iscombination thereof; and wherein the first peptide is removed from
contact with the conditionally immortalized stem cells before differentiation. In some embodiments, the
first peptide 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. In some embodiments, the first protein, the second protein, or both the first and
second proteins comprise a TAT sequence. In some embodiments, the method further comprises
contacting the plurality of stem cells with: estradiol (E2), 4-hydroxytamoxifen 64-011T), or both. [00051
Disclosed herein, in certain embodiments, is a method of preparing plurality of anucleated cells,
comprising: (a) transfecting a plurality of stem cells (e.g., hematopoietic stem cells) with a first vector
comprising a nucleic acid sequence encoding a MYC molecule; (b) transfectine the plurality of stem
cells (p.a., hematopoietic stem cells) with second gammaretroviral vector comprising a nucleic acid
sequence encoding BcI-2. Bel-X, or a combination thereof; (c) culturing the plurality of stem cells (e.g.,
hematopoietic stem cells) with IL-3, IL-6, stem cell factor, thrombopoiefin, 11t3 ligand, or a
combination 30thereoL id) 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 embodiments, the cytokine that
directs differentiation toward an anucleated cell is IL-3, LBO, or a combination thereof In some
embodiments, the MYC molecule is c-Myc, I-Myc, n-Myc, sMyc, or a combination thereof in some
embodiments, the first vector further comprises the hormone-binding domain of the human estrogen
receptor. In some embodiments, the method further comprises inducing translocation of the Myc
molecule to a nucleus. In some  5embodiments, the method further comprises contacting the plurality
of stem cells (e.g., hematopoietic stem cells) with: estradiol (E2), 4-hydroxytamoxifen (4-0E-11), 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 and the second 0vector is
MSCV- (IRES)-GFP, or a derivative thereof. In some embodiments, 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 regulatoly element (WRE). [0006] 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 5stem 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: Bc1-2, 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; (c) removing the first 211peptide; and (d)
culturing the conditionally immortalized stem cells (e.g., hematopoimic stem cells) in the presence of at
least one cytokine that directs differentiation towards an anucleated cell. In some embodiments, the
first peptide 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. In 25some embodiments, the first protein, the second protein, or both the first
and second proteins comprise a TAT sequence. In some embodiments, the method further comprises
contacting the plurality of stem cells (e.g., hematopoietic stem cells) with: estradiol F2), 4-
hydroxytamoxifen (4-0FIT), or both.       [00071 Disclosed herein, in certain embodiments, is a
thrombocyte prepared according to a 30method disclosed herein. 100081 Disclosed herein, in certain
embodiments, is an erythrocyte prepared according to a method disclosed herein. 100091 Disclosed
herein, in certain embodiments, is a method of treating a disorder characterized by a deficiency of
anucleated cells, comprising: administering an anucleated 35cell prepared according to a method
disclosed herein. In some embodiments, 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 rnyeloma, acute myeloid leukemia, pre-B acute lymoplicytic leukemia, pre-T acute iymphocytic
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 embodiments, an anucleated cell produced by a method disclosed herein is
co-administered with chemotherapy. BRIEF DESCRIPTION OF THE DRAWINGS 100101 The novel
features of the invention are set forth with particularity in the appended Isclaims. 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: 100111 Figure I illustrates an
approach for generation of a ctlt-hematopoietic stem cell 20Figure IA shows a schematic
representation of retroviral constructs used to transduce primary murine HSC cells with Myc-ER and
Bc1-2. Figure IB shows FACTS analyses of HSCs obtained from 5-fiuorouracil treated donors
following the transduction. Figure IC shows kinetics of leukemogenesis in mice transplanted with the
transduced EISCs. Figure ID shows FACS analysis of a ctlt-hematopoietic stem cell soon after
recovery from the bone marrow of leukemic mice. Figure lE shows FACS analysis of a
ctlt-hematopoietic stem cell line that has been established. Figure IF shows FACS analysis of stem cell
marker in normal, unmanipulated hematopoietic stem cells from the bone marrow of C57/BL6 mice.
100121 Figure 2 illustrates Analysis of clonality of ctlt-hematopoietic stem cell lines by 30PCR
amplification of retroviral insertions. 100131 Figure 3 illustrates characteristics of mature immune cells
that rise follow/in transplantation of ctit-hematopoietic stem cells. Figure 3.A shows theuency of cells
derived from ctlt-hematopoictic 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
cfit-hematopoietic stem cells.  [00141 Figure 4 illustrateslong-term rescue from lethal irradiation by
eilt-hematopoiet c stern cells. 100151 Figure 5 illustrates the differentiation of ctlt-hematopoietie
sterncells into Ter-1 I expressing erythroid progenitors in vitro.      100161 Figure 6 illustrates a view of
the reconstitution of erythrocytes in vivo after lethal 10irradiation by transplant of ctlt-hematopoietic
stem cells. 100171 Figure 7 illustrates a view of the reconstitution of erythrocytes in viva afteral
irradiation by transplant of ctlt-hematopoietic stem cells [00181 Figure 8 illustrates a view of the
reconstitution of erythrocytes in viva after lethal irradiation by transplant of ctlt-hematopoietic stem
cells. ISDETAILED DESCRIPTION OF THE INVENTION 100191 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 anucleated cells are produced ex vivo from stem cells
that are either modified with appropriate genes and/or proteins (collectively, an engineered stern cell).
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. 100201 Disclosed herein, in certain embodiments, is a
method of preparing a plurality of anucleated cells comprising: culturing conditionally immortalized
stein cells in the presence of at least one cytokine that directs differentiation toward an anucleated cell;
wherein the conditionally immortalized stern cells are 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 stern cells with a second retroviral vector comprising a nucleic acid sequence encoding Bel-2,
Bc1-X, or a combination thereof; and (c) culturing the stem cells with 1L-3, ruo, stem cell factor,
thromboputetin, F1t3 ligand, or a 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 11_- 3, FPO, or a combination thereof in some
embodiments, the MYC molecule is c-Myc, IMyc, n-Myc, s-Myc, or a combination thereof in some
embodiments, the first vector 35further comprises the hormone-binding domain of the human estrogen
receptor. In some embodiments, the method further comprises inducing translocation of the Myc
molecule to a nucleus. In some embodiments, the method further comprises contacting the plurality of



stem cells witradio' (E2), 4-hydroxytamoxifen (4-0HT), or both. In some embodiments, the first vector,
the second vector, or both the first vector and the second vector is Marine Stem Cell Virus (MSCV), or
a derivative thereof in 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 embodiments, the first
vector, the second 0vector, or both the first vector and the second vector is MSCV- (IRES)-GEP, and
further comprises woodchuck hepatitis B virus RNA regulatory element (WR.E). 100211 Disclosed
herein, in certain embodiments, 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 stein 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: Bc1-2, BC4-X, or a combination thereof; and (c)
culturing the stem cells with IL-3, IL-6, stem cell factor, thrombopoietin, Flt3 figand, or a 20combination
thereof; and wherein the first peptide is removed from contact with the conditionally immortalized stem
cells before differentiation. In some embodiments, the first peptide 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. In some
embodiments, the first protein, the second protein, or both the first and second proteins comprise a
TAT sequence. In some embodiments, the method further comprises contacting the plurality of stem
cells with: estradiol (E2 ), 4-hydroxytamoxifen (4-0HT), or both. 100221 Disclosed herein, in certain
embodiments, is a method of preparing plurality of anucleated cells, comprising:nsfecting a plurality of
stem cells (e.g., hematopoietic 30stem cells) with a first vector comprising a nucleic acid sequence
encoding a MYC molecule; (b) transfecting the plurality of stem cells (e.g., hematopoietic stem cells)
with a second cammaretroviral vector comprising a nucleic acid sequence encoding Bc1-2, Bcl-X, or a
combination thereof; (E) 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 35thereof; (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 embodiments, the  cytokine that directs differentiation toward an anucleated
cell is IL-3, EPO, or combination thereof In some embodiments, the MYC molecule is c-Myc, I-Myc, n-i
Myc, or a combination thereof In some embodiments, the first vector further comprises the 



hormone-binding domain of the human estrogen receptor. In some embodiments, the method further
comprises inducing tra.nslocation of the Myc molecule to a nucleus. In some diembodiments, the
method further comprises contacting the plurality of stem cells (e.g., hematopoietic stem cells) with:
estradiol (E2), 4-hydroxytamoxifen (4-0HT), 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 (N4SCV), or a
derivative thereof. In some embodiments, the first vector, the second vector, or both the first vector
and the second ISvector is MSCV- (IRES)-GFP, or a derivative thereof in some embodiments, the first
vector, the second vector, or both the first vector and the second vector is N4SCV- (IRES)- GEP, and
further comprises woodchuck hepatitis B virus RNA regulatory element (WIZE), (0023] 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 211stem 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: Bcf-2,
HCL-X, or a combination thereof; OM culturing the plurality of stem cells (e.g., hematopoietic stem
cells) with IL-3, IL-6, stem cell factor, thrombopoietin. F1t3 ligand, or a combination thereof; (c)
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 embodiments, the first peptide 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. In 30some embodiments, the
first protein, the second protein, or both the first and second proteins comprise a TAT sequence. In
some embodiments, the method further comprises contacting the plurality of stem cells (e.g.,
hematopoietic stem cells) with: estradiol (E2), 4- hydroxytamoxifen (4-0HT), or both. 10241 Disclosed
herein, in certain embodiments, is a thrombocyte prepared according to a method disclosed herein.
100251 Disclosed herein, in certain embodiments, is an erythrocyte prepared according to a method
disclosed herein.  c[00261 Disclosed herein, in certain embodiments, is a method of treating a disorder



characterized by a deficiency of anucleated cells, comprising: administering an a.nucleated cell
prepared according to a method disclosed herein. 100271 Provided in certain embodiments herein is a
method for producing a plurality of     differentiated cells. In some embodiments, provided herein is a
method for producing a toplurality of anucleated cells, comprising: (a). providing an immortalized stem
cell; and (b). inducing differentiation of the immortalized stem ccH to the cell of a selected type.
General Definitions  IS100281 Any methods and materialsar 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 instant disclosure. 100291 As used in this specification and the appended claims, the
singular'an", and "the" include plural references unless the context clearly dictates otherwise. Thus, for
example, references to "a nucleic acid" includes one or more nucleic acids, and/or compositions of the
type described herein which will become apparent to those persons skilled in the art upon reading this
disclosure and so forth. Any reference to "or" herein is intended to encompass "and/or" unless
otherwise stated. [00301 As used herein, "stem cells (e.g., hematopoietic stem cells)" refers to the
term as it generally understood in the art. For example, stem cells (e.g., hematopoietic stem cells),
regardless of their source, are cells that are capable of dividing and renewing themselves for long
periods, are unspecialized (undifferentiated), and possess the ability to give r (differentiate into)
specialized cell types (i.e., they are progenitor or precursor cells variety of different, specialized cell
types). In certain instances herein, "stem cells ( hematopoietic stem cells)" described herein refer to
long term stem cells (e.g., hematopoietic stem cells). 100311 "Long-term", when used in connection
with stem cells (e.g.,topoietic stem cells), refers to the ability of stem cells (e.g., hematopoietic stem
cells) to renew themselves by dividing into the same non-specialized cell type over long periods (e.g., I
month, 2 



35months, 3 months, 4 months, 6 months, 8 months, 9 months, 12 months, 2 years, 3 years)
depending on the specific type of stem cell. In certain instances, stem cells (e.g., hematopoietic stem
cells) are identified by the presence of the following cell surface  markers: c, Sea-CD341`CD38 and/or
Thy I. In some instances, human stem cells (e.g., hematopoietic stem cells) are identified by the
presence of the following markers: CD34', CD38,and/or Thy I In certain instances, both human and
murine stem cells (e.g., hematopoietic stem cells) lack cell lineage markers, such as CD2, CD3, CD4,
CD5, CD8, NK1.1, B220, Ter-I19, and/or Or-I. [0032] An "immortalizing agent" as used herein refers to
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 cell viability, cell
survival, and/or cell proliferation. The term encompasses all chemical compounds that induce cell
viability, cell survival, and/or cell proliferation, such as organic and inorganic molecules, isincluding
DNA, RNA, polypeptides, carbohydrates, lipids, and small organic molecules. 10033] 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, in the case
of polypeptides, conditional activation occurs by activating, e.g., expression, transcription, or
translation of a gene encoding the 20 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 to estrogen or a polypeptide comprising OR to mifepristone. [00341 The
term "onco-peptide" and "oncoprotein" are utilized interchangeably herein and refer to a polymer of
amino acid residues, fragments or analogs thereof that are encoded by oncogenes or
proto-oncogenes. In certain instances, onco-peptides induce cell viability, cell survival and/or cell
proliferation. The description of certain embodiments herein is directed to "onco-peptides". It is to 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. 30100351 "An inhibitor of an
endogenous antagonist of an immortalizing agent" refers to an agent that induces cell immortality by
reducing, decreasing, or preventing the activity, concentration, or expression of an endogenous agent
that antagonizes an immortalizing agent. For example, certain endogenous transcription repressors
suppress expression of polypeptides that function to induce cell viability, cell survival, and/or cell
proliferation. A specific example is the MAD family of transcription repressors, e.g., MAD-1, which
antagonize the Myc family of oncogenes. Thus, an inhibitor of an endogenous transcription  repressor,
e.g.. MAD-I, functions to induce cell preventing the activity, concentration,ley 



by reducing, dreasing. or scription repressor.  100361 In other embodiments, for example, an inducer
of cell immortality is a cy 'independent kinase. Endogenous cyclin-dependent kinase inhibitors, e.g.,
p16, plc), p21, and p27, function to antagonize the promotion of cell immortality by the
cyclin-dependent kinases. Thus, in some embodiments, "an inhibitor of an endogenous antagonist of
an inducer of cell immortality" is an agent that reduces, decreases, or prevents the activity,
concentration, or level of the cyclin-dependent kinase inhibitors relative to a wild-type stem cell of the
same type. 100371 Similarly, an "inhibitor of pro-apoptotic polypeptides" functions to induce cell
ISimmortality by reducing, decreasing, or preventing the activity, concentration, or level of
polypeptides, e.g., endogenous polypeptides, that are pro-apoptotic. "Inhibitors of proapoptotic
polypeptides" reduce, decrease, or prevent the activity, concentration, or level of pro-apoptotic
polypeptides by any suitable means, including inhibiting expression, transcription, or translation of the
polypeptides, or directly acting on the polypeptides, e.g., eoby binding to the polypeptides, denaturing
the polypeptides, occupying the active site of the polypeptides, or blocking interaction of the
polypeptides with their targets. 100381 In certain embodiments, homologues, analogues or fragments
of polypeptides that induce immortality described herein include an amino acid sequence that is at
least 40% to 100% identical, e.g., at least 40%, 45%. 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%,
86%, 87%, 88%, 90%, 91%, 92%, 94%, 95%, 96%, 97%, 98%, or any other percent from about 40%
to about 100% identical to the polypeptide that induces immortality. [00391 As used herein, the terms
"Myc", "cMyc", "Myc protein" and "Myc polypeptid are used interchangeably and refers in certain
instances to the NCBI Accession Number NP002458.2, functional homologs, analogs or fragments
thereof In some embodiments, 3usynonyms of Myc include, but are not limited to c-Myc, v-Myc, Myc
proto-oncogene protein 8c Transcription factor p64. In some embodiments, a Myc polypeptide
comprises an amino acid sequence that is at least 40% to 100% identical, e.g., at least 40%,
45%,50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 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 NP002458.2. In some embodiments, a Myc polypeptide comprises a
polypeptide sequence of 40 amino acids or more in length that is at least 50% to 100% identical, e.g.,
at least 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%,  



586%, 87%, 88%, 90%, 91%, 92%, 94%, 95%, 96%, 97%, 98%, orally other percent from about 50%
to about 100% identical to the sequence of NCBI Accession Numbers NP002458.2. In some
embodiments, a Myc polypeptide comprises a polypeptide sequence of 40 amino acids or more in
length that is at least 50% to 100% identical, e.g., at least 50%, 55%, 60%, 65%, 70%, 75%, 80%,
85%, 86%, 87%, 88%, 90%, 91%, 92%, 94%, 95%, 96%, 97%, 98%, or any other percent from about
50% to about 100% identical to the sequence of NC:7BI Accession Numbers NP002458.2 wherein the
Myc polypeptide induces cell viability, cell immortality, cell growth and/or cell proliferation. 100401 To
determine the percent homology of two amino acid sequences or of two nucleic acids, the sequences
is aligned for optimal comparison purposes (e.g., gaps are introduced in isthe 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 is occupied by the
same amino acid residue or nucleotide as the corresponding position in the second sequence, then
the molecules are identical at that  20 position. The percent homology between the two sequences is a
function of the number of identical positions shared by the sequences (i.e., XI, identity - 4 of identical
positions/total 4 of positions (e.g., overlapping positions) x 100). In some embodiments the two
sequences are the same length. [90411 To determine percent homology between two sequences, the
algorithm of Karlin and Altschul (1990) Proc. Matt Acad. Set USA 87:2264-2268, modified as in Karlin
and Altschul (l 993) Proc. Natl. Acad. Set. USA 90:5873-5877 is used. Such an algorithm is
incorporated into the NBLAST and XBLAST programs of Altschul, et al. (1990)1 Mot Riot 215:403-410.
BLAST nucleotide searches is performed with the NBLAST program, score=100, wordlength-I2 to
obtain nucleotide sequences homologous to a nucleic acid 30molecules described or disclose herein.
BLAST protein searches is performed with the XBLAST program, score=50, wordlength-3. To obtain
gapped alignments for comparison purposes, Gapped BL"AST is utilized as described in Altschul et al.
(I 997) Nucleic Acids Res. 25:3389-3402. When utilizing BLAST and Gapped BLAST programs, the
default parameters of the respective programs (e.g., XBLAST and NBLAST) are used. See the
35website of the National Center for Biotechnology Information for further details (on the World Wide
Web at ncbi.nlm.nih.gov). Proteins suitable for use in the methods described herein also includes
proteins having between I to 15 amino acid changes, e.g., I, 2, 3, 4, 5  56, 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%, 87%, 85%, 88%, 90%, 92%,
95%, 97%, 98%, 99%, or 100% identical to the amino acid sequence of any protein inhibitor described
herein. Such sequence-variant proteins are suitable for the methods described herein as long as the
altered amino acid sequence retains sufficient biological activity to be functional in the compositions
and methods described herein. In certain instances conservative amino acid substitutions are utilized.
Illustrative conservative substitution among amino acids are within each of the following groups: (1)
glycine, alanine, valine, leucine, and isolcucine, (2) phenylalanine, tyrosine, and tryptophan, is(3)
serine and threonine, (4) aspartate and glutamate, (5) glutamine and asparagine, and (6) lysine,
arginine and histidine. The BLOSUM62 table is an amino acid substitution matrix 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. (1992), Proc. VtlAccd, Sri. USA,
89:10915-10919). The BLOSUM62 20substitution frequencies are used to define conservative amino
acid substitutions that, in some embodiments, are introduced into the amino acid sequences described
or disclosed herein. Although it is possible to design amino acid substitutions based solely upon
chemical properties (as discussed above), the language "conservative amino acid substitution"
preferably refers to a substitution represented by a BLOSUM62 value of greater than -I. For example,
an amino acid substitution is conservative if the substitution is characterized by a BLOSUM62 value of
0, I, 2, or 3. According to this system, preferred conservative amino acid substitutions are
characterized by a BLOSUM62 value of at least 1 (e.g., 1,2 or 3), while more preferred conservative
amino acid substitutions are characterized by a BLOSUM62 value of at least 2 (e.g., 2 or 3). 30100421
As used herein, the term "nucleic acid" refers to a nucleic acid that is engineered through the
combination or insertion of one or more nucleic acids, thereby combining sequences that would not
normally occur together in nature. In some embodiments, nucleic acids comprise inducers or
enhancers. In some embodiments, nucleic acids comprise restriction enzyme sites. In some
embodiments, nucleic acids encode polypeptides. In some embodiments, nucleic acids comprise
mutations. [0043] As used herein, the term "polypeptide" refers to a polypeptide that is produced from
a nucleic acid.  [00441 As used herein, the terye polypeptide" comprises a Myc polypeplide that
produced from a nucleic acid. 100451 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, bacteria, virus or cell.
100461 As used herein, the term "TRE" refers to a tetracycline response element. 10[00471 As used
herein, "over-expression", refers to a higher level of expression when 



compared to the endogenous level 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% to 200% higher. In some embodiments a
higher level of expression comprises 2-fold to 1000-fold ishigher. In some embodiments a higher level
of expression comprises 2-fold to 1000-fold higher. In some embodiments a higher level of expression
comprises 2-fold to 10,000-fold higher. In some embodiments a. hider level of expression comprises a
detectable level of expression when compared to a previous undetectable level of expression. In some
embodiments "over-expression" refers to any detectable level of expression of an exogenous
20polypeptide or protein. 100481 The terms "polypeptide", "peptide" and "protein" are used
interchangeably herein to refer to a polymer of amino acid residues. The terms apply to naturally
occurring amino acid polymers as well as amino acid polymers in which one or more amino acid
residues is a non-naturally occurring amino acid, e.g., an amino acid analog. As used herein, the terms
sencompass amino acid chains of any length, including full length proteins, wherein the amino acid
residues are linked by covalent peptide bonds. moralized Cells Stern Cells 30100491 Stem cells (e.g.,
hematopoic lc stem cells) to be immortalized or conditionally immortalized are obtained from any
suitable source. In certain embodiments, the stem cells (e.g., hematopoietic stem cells) utilized are
from an animal, e.g., a human, 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 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.  5100501 In
certain embodiments, the plurality of stem cells (e.g., hematopoietic stem cells) is 



harvested from a human umbilical cord or placenta. Another source of a plurality of stem cells (e.g.,
hetnatopoietic 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 ioplurality 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-, 0+, 0-, AB+, and AB- donors. In some embodiments, a
plurality of stem cells (e.g., hematopoietic stem cells) are obtained by anesthetizing the stem cell
donor, puncturing the posterior superior iliac crest with a needle, and performing aspiration of bone
marrow cells 15with a syringe. 100511 Further steps involved in the processing of remaining marrow
cells comprises cell collection 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.,
hematopoietic stem cells) is harvested from circulating blood. In some embodiments, a 20plurality 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 cell donor with a cytokine, such as
granulocyte-colony stimulating factor (G-CSF). 100521 In certain aspects described herein, the
plurality of stem cells (e.2., hematopoietic stem cells) is obtained from different blood groups or major
histocompatibility complex (1\41-1C) or human leukocyte antigen (HLA) matching source. In some
embodiments, drawing from the peripheral blood comprises injection of granulocyte stimulating factor
(GCSF) a few days before the cell harvest. In some embodiments, obtaining a plurality of stein cells
(e.g., hematopoietic stem cells) comprises drawing a plurality of stein cells (e.g., hematopoietie stem
cells) from the bone marrow comprises injection of 5-fluorouracil (5- 30Hit in order to enrich for a
plurality of stem cells (e.g., hematopoietic stem cells) by inducing these cells to proliferate. 100531
Any suitable identification method is optionally utilized to identify a 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 35with a plurality of stem cells (e.g.,
hematopoietic stem cells) or specifically associated with 



terminally differentiated cells of the system. In one embodiment, markers include one or more of c-kit,
Sea -1, CD34, ClD38, Thy I , CD2, CD3, C1)4, CD5, CD8, CD43, CD45,  CD59, CD90, CD105,
CD133, ABCG2, NK1. I , B220, Ter-119, Flk-2, CDCP1, Endomucin, or Or-I. In another embodiment,
markers include one or more of CD 150, CD244 or CD46. i0u541 A plurality of stem cells (e.g.,
hematopoietic stem cells) obtained from a donor are separated from non-a plurality of stem cells (e.g.
hematopoietic stem cells) in any suitable tomanner such as, by way of non-limiting example,
fluorescence activated cell sorting (FAC1S), or magnetic activated cell sorting (MACS). [0055] 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, Sea-I, CD34, CD38, Thy I , CD2, CD3, CD4, CD5, CD8,
CD43, CD45, CD59, CD90, CD105, CD133, isABCO2, NK1.1, B220, Ter-119, Flk-2, CDCP1,
Endomucin, or Or-I. Antibodies for CD2,  CD3, CD4, CD5, CD8, NK 1.1, B220, Ter-I 19, and Or-1 are
conjugated with magnetic beads. In MACS equipment, the cells harboring CD2, CD3, CD4, CD5, CD8,
NK I .1, B220, Ter-119, or Or-1 on their surface are retained in the column equipped to trap magnetic
beads and the cells attached to magnetic bead conjugated antibodies. The cells that are not
20captured by MACS column are subjected to FACS analysis. For PACS analysis, Antibodies for
surface molecules such as c-kit, Sea-I, CD34, CD38, Thy], are conjugated with , fluorescent materials.
The cells that are c-kit', Sea-I,CD38are 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., hematopoietic stem cells) for further method as described herein. In other embodiments,
different sets of marker are used to separate murine long term stem cells (e.g., hematopoictic stem
cells) from cells of bone marrow, umbilical cord blood, fetal tissue, and peripheral blood. 



109561 In another non-limiting example, human peripheral blood cells are incubated with antibodies
recognizing c-kit, Sea-I. CD34, CD38, Thy I, CD2, CD3, CD4, CD5, CD8, 30CD43, CD45, CD59,
CD90, CD105, CDI33, ABCO2, NK1.1, B220, Ter-I 19, Flkz2, CDCP , Endomucin, or Or-I. Antibodies
for CD2, CD3, CD4, CD5, CD8, NK I. I, B220, Ter-I19, and Or-I arc conjugated with magnetic beads.
The cells expressing CD2, CD3,  CD4, CD5, CD8, NK1.1, B220, Ter-1 19, or Or-I are retained in the
column equipped to trap magnetic beads and cells attached to magnetic bead conjugated antibodies.
The cells that are not captured by the MACS column are subjected to FACS analysis. Antibodies for
c-kit, Sea-I. CD34, CD38, Thy], are conjugated with fluorescent materials known in the art. The cells
that are CD34I,Thy I  are separated from the rest of sample  5by virtue of the types of fluorescent
antibodies associated with the cells. These cells are provided as human long term stern cells (e.g.,
hematopoietic stern cells) for further method disclosed herein. 100571 in yet another non-limiting
example, cells obtained from a subject are labeled with the same set of magnetic bead conjugated
antibodies (antibodies against one or more of inCD2, CD3, CD4, CD5, CD8, NK1.1, B220, Ter-I 19, or
Gr-1) and fluorescent conjugated CDI50, CD244 and/or CD48 antibodies. After removing cells
captured by the magnetic bead conjugated antibodies from the sample, the sample is analyzed by
FACS and CD150+, CD244- and CD48- cells are retained as long term stem cells (e.g hematopoietic
stem cells). IS100581 In some embodiments, a pluralitycells (e.g., immortalized or stem cells) utilized
in any method described herein comprise one or more of the markers: c-kif , CD341', CD38', Thy
ICD34', CD381', c-kil'and/or Thyl. In some embodiments, the stem cells (e.g., immortalized or stem
cells) utilized in any method described herein lack one or more of the markers: CD2, CD3, CD4, CD5,
CD8, NK1.1, B220, Ter-I19, and/or Gr-I. In certain embodiments, the stem cells (e.g., immortalized or
stem cells) utilized in any method described herein are of an A, A-,B-,0-, A B+, or AB- type. 100591 En
some embodiments, providing an n o alized stem cell includes providing at least one immortalized or
stem cell. In certain embodiments, providing at least one immortalized stem cell includes providing a
plurality of immortalized or stem cells (e.g., 



hematopoietic stem cells). In some embodiments, providing an immortalized stem cell comprises
producing an immortalized or stem cell. In specific embodiments, providing an immortalized stem cell
comprises producing a plurality of immortalized or stem cells (e.g., hematopoietic stem cells). in other
embodiments, the immortalized or stem cell(s) are 30provided by procuring them from any source.
Immortalization 100601 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.  [0061] In certain embodiments, inducing proliferation of a conditionally immortalized stem cell
according to any method described herein includes inducing immortalization of the conditionally
immortalized stem cell and thereby causing the conditionally immortalized stem cells (e.g.,
hematopoietic stem cells) to proliferate. In some embodiments, inducing proliferation comprises
inducing expression of an agent that induces immortality. In certain embodiments, expression of an
agent that induces immortality is induced in a conditionally immortalized cell comprising a transgene
encoding the agent that induces immortality, wherein the transgene encoding the immortalizing agent
is one or more TREs. [0062] in certain embodiments, an immortalized stem cell is, by way of
non-limiting example, an immortalized hematopoietic stem cell, an immortalized mesenchymal stem
cell, Isan immortalized neural stem cell, an immortalized epithelial stem cell, an immortalized 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 immortalized embryonic stem cell
or the like. In specific embodiments, the immortalized 20stem cell is an immortalized hematopoietic
stem cell. 100631 In some embodiments, the immortalized stem cell is 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 lineage to survive, proliferate and/or 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, etc.). In certain embodiments, the immortalizing agents are conditionally activated. 



[0064] In some embodiments, the immortalizing agent is an onco-peptide that Iduces immortality. For
example, in certain embodiments, suitable onco-peptides that induce 30immortality are: growth factors
and/or mitogens, receptor tyrosine kinases, particularly constitutively active receptor tyrosine kinases,
cytoplasmic tyrosine kinases, cytoplasmic serineithreonine kinases and their regulatory subunits,
regulatory GTPases, n-anscription factors, telomerase reverse transcriptases, and/or factors that
activate other onco-peptides. In some embodiments, the immortalized stem cell has been modified to
express or conditionally express the onco-peptide. Furthermore, in some embodiments, the function or
expression of the onco-peptide is conditionally activated.  5100651 In some embodiments, the
immortalizing agent inhibits an endogenous antagonist of an inducer of immortality. For example, in
some embodiments, an anent that induces immortality comprises an inhibitor of a transcriptional
repressor that antagonizes expression of a gene that induces immortality. In certain embodiments, the
transcriptional repressor antagonizes an onco-peptide, e.g., Mye. 10[00661 In some embodiments, an
agent that induces immortality is a pc ypeptide 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 1.5is an agent that inhibits pro-apoptotic polypeptides, e.g., endogenous
pro-apoptotic polypeptides. [00671 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 oncopeptide or transgene expressing or over-expressing an onco-peptide). In some
embodiments, 10an 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 transgene expressing-or
over-expressing an onco-peptide), in combination with at least one other agent selected 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-apoptotic polypeptides, or a combination
thereof 100681 Immortalized or conditionally immortalized stem cells (e.g., hematopoietic stem cells)
utilized in a method described herein are prepared in any suitable manner. In some embodiments, a
conditionally immortalized stem cell is produced by contacting the 3oconditionally immortalized stem
cell with a polypeptide and/or a transgene (e.g., an 



oncoszene or prop-oncogene) encoding a polypeptide that induces immortality. In certain
embodiments, the conditionally immortalized 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-peptideMycj. In some embodiments wherein the immortalized or conditionally immortalized stem
cells (e.g., hematopoietic stem cells) utilized in method described herein comprise a transnene that
encodes an onco-peptide, any method described herein optionally further comprises excising the
transszene from the nucleus of either the       alized or conditionally immortalized stem cell prior to
differentiation, or from the nucleus of the cell (if a selected type following differentiation. [00691
Delivery of a transgene encoding an agent that induces immortality, e.g., an oncopeptide, 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 achieved in any suitable manner. In certain
instances, a transgene encoding an agent that induces immortality is transfected into a stem cell using
a vector. Inserting the nucleic acid into a cell, as used herein, optionally comprises, by way of
non-limiting example, microinjection, gene transfection, gene transduction, electroporation or like
methods. In some instances, a transgene encoding an agent that induces immorality is transduced into
15the conditionally immortalized stem cell. In some embodiments, the method of transfecting or
transducing a transgene 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 polypeptide or endogenous 20antagonist of an inducer of cellular immortality, etc.,
into a stem cell is achieved in any suitable manner. In some embodiments, the polypeptide is
introduced into the cell by expression of a transgene encoding the polypeptide. In certain
embodiments, the polypeptide is a fusion polypeptide comprising a polypeptide transduction domain
id the polypeptide is introduced into the conditionally immortalized stem cell by culturing the
25conditionally immortalized stem cell with the fusion polypeptide. In some embodiments, the method
of introducing a polypeptide into a stem cell is as set forth in U.S. 200710116691, which is hereby
incorporated by reference for this disclosure. [00701 In some embodiments, an immortalized stem cell
utilized in any method described herein comprises an agent that induces cell immortality. In some
embodiments, an agent 30that induces cell immortality comprises a transgene that expresses or
over-expresses a polypeptide that induces cell immortality. In some embodiments, an agent that
induces cell immortality comprises a polypeptide that induces cell immortality. In some embodiments,
a polypeptide that induces cell immortality is an onco-peptide. Onco-peptides are of any suitable class
that induces cell immortality. For example, in certain embodiments, suitable 



35onco-peptides that induce cell immortality are: growth factors and/or mitogens (e.g.. PDGF- derived
growth factors such as c-Sis); receptor tyrosine kinases, particularly constitutively active receptor
tyrosine kinases (e.g., epidermal growth factor receptor (EGFR),  5thrombocyte-derived growth factor
receptor (PDGFR), vascular endothelial growth factor receptor (VEGFR), and HER2/neu); cytoplasmic
tyrosine kinases (e.g., Src-family, SykZAP-1,70 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 family); regulatory GTPases (e.g., Ras protein); transcription factors (e.g.,
Myc and toHIF- la); telomerase reverse transcriptases (e.g., TERT or hTERT); and/or factors that
activate other onco-peptides (e.g. cyclins, including cyclins A, B, D, and/or E, such as cyclin DI and
D3). In certain embodiments, an onco-peptide is Myc, HIFI a, Notch-1, Akt, hTERT, or a cyclin. 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 iscell proliferation, e.g.., a functional
fragment, homologue, or analogue of Myc, RIK la, Notch-1. Akt, hTERT, or a cyclin. 100711 In some
embodiments, an agent that induces cell immortality inhibits an endogenous antagonist of an inducer
of cell immortality. For example, the agent is a genetic inhibitor or a small molecule inhibitor (such as,
an antagonist). For example, in some embodiments, an  20 agent that induces cell immortality
comprises an inhibitor of a transcriptional repressor that suppresses expression of a gene that induces
cell immortality. In certain embodiments, the transcriptional 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, e.g., MAD-I. In certain other embodiments, an
agent that induces cell immortality comprises an inhibitor of cyclin-dependent kinase inhibitors (e.g.,
plo, p19, p21, or p211). 100721 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 is suitable for use in the
30method disclosed herein. An agent that is an inhibitor of an endogenous antagonist of an agent that
induces cell immortality reduces, inhibits, or decreases the activity or level of the antagonist at any
stage or by any mechanism. For example, in some instances, such an agent interferes with expression
of an agent that antagonizes the activity of an agent that induces cell immortality, e.g., at the
translational level or at the transcriptional level. In certain 35embodiments, 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  Sor binding to
mRNA encoding a polypeptide, e.g., an onco-peptide. An RNAi molecule is generated by any suitable
means, including by small interfering RNA (siRNA), microRNA (iniRNA), double stranded RNA
idsRNA), 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 cell immortality is a small
molecule, e.g., a small organic Inmolecule. [0073] In some embodiments, an agent that inhibits 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 antagonist of an agent that induces cell immortality,
15such 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., pi& p19, p21, or
p27). 20100741 In some embodiments, an agent that induces cell immortality is a transgene that
expresses or over-expresses an anti-apoptotic polypeptide. In some embodiments, an agent that
induces cell immortality is an anti-apoptotic poly/peptide. In some embodiments, the anti-apoptotic
potypeptide 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-apoptotic polypeptide 25comprising one or more of a
Be]-2 homology domain (e.g., BH1, B112, BH3 and/or BH4) is e.g., Bc1-2, Bcl-x, Bel-XL, Mel-I,
CED-9, Al,  Bfl-1, Bel-w, or the like. 100751 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-apoptotic 30 polypeptide comprises one or more of a Bc1-2 homology domain (e.g., BHI. BH2,
BH3 and/or BH4). In specific embodiments, the pro-apoptotic polypeptide comprises BI-I3, e.g., BIM,
PUMA, NOXA, BAK, BAX, BIK, BAD, BID, EGL-1, and/or the like, in specific embodiments, the
pro-apoptotic polypeptide is a BH3-only polypeptide, e.g., BIM, PUMA, NOXA, BAD, BID, EGL-I,
and/or the like. 35100761 Any agent that inhibits the activity or level of pro-apoptotic polypeptide(s)
within a 



stem cell relative to a wild-type stem cell of the same type is suitable as an agent that induces cell
immortality. In certain embodiments, an agent that reduces the level of pro-  5apoptotic
polypeptideconditionally immortalized stem cell is an agent that interferes with expression ofapoptotic
polypeptides. in some embodiments, an agent that interferes with the expression of pro-apoptotic
polypeptides interferes with expression at the translational level or at the transcriptional level of
expression. In certain embodiments, an agent that interferes with expression of a pro-apoptotic
polypeptide is an inRNAi molecule, (e.g., a molecule that interferes with RNA by cleavage of or binding
to mRNA encoding a pro-apoptotic polypeptide, for example, mRNA that encodes a polypeptide
comprising the BH3 domain). In some embodiments, an RNAi molecule is 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 ispolypeptide is a small molecule, e.g., a small
organic molecule. 100771 In some embodiments, an agent that inhibits the activity or level of
pro-apoptot c polypeptide(s) within a stem cell relative to a wild-type stem cell of the same type acts
directly on the pro-apoptotic polypeptide. For example, in some embodiments, an agent that induces
cell immortality comprises an agent that binds to and inhibits the activity of a pro- 20apoptotic
polypeptide, such as an antibody or small molecule that binds to and disrupts the natural function of a
pro-apoptotic poly:peptide. 100781 In certain embodiments, an agent that induces cell immortality,
e.g., a polypeptide or a transgene encoding a polypeptide that induces immortality, is, by way of
non-limiting example, n-Myc, c-Myc, 1-Mye, v-Myc, MIOR, cyclin DI, cyclin D3, STAT3, STAT5,
AML-ETO, AKT. ICN-I hTERT, PDK-1. MLL-ENL; 1L3 receptor 13 chain, i-catenin, Hedgehog family
iShh, ihh, DIM), Bmi- I, c-Jun, Wm, Bc1-2, Bel-6, Bel-10, epidermal growth factor receptor (EGER,
Erb13-1, HERI ), ErbB-2 (HER2/neu), ErbB-3/HER3, ErbB- 



41111ER4, EGER ligand family; insulin-like growth factor receptor (IGER) family, IGFbinding proteins
(1GEBPs), 1GFR ligand family; platelet derived growth factor receptor 30(EDGER) family, EDGER
ligand family; fibroblast growth factor receptor (EGER) family, EGER ligand family, vascular
endothelial growth factor receptor (VEGERVEGF family; LIGE receptor family; TRK receptor family;
ephrin (EPH) receptor family; AX receptor family; leukocyte tyrosine kinase (LTK) receptor family; TIE
receptor family, angiopoietin 1,receptor tyrosine kinase-like orphan receptor (ROR) receptor family;
discoidin domain receptor (DDR) family; RET receptor family; KLG receptor family; RYK receptor
family; MuSK receptor family; Transforming growth factor 13 (TGF-I3) receptors, TGF-.beta.; Cytokine
receptors, Class I (hematopoietin family) and Class II (interferon/IL-  510 family) receptors, tumor
necrosis factor (TNF) receptor superfamily (TNERSE), death receptor family; cancer-testis (CT)
antigens, lineage-specific antigens, differentiation antigens, alpha-actinin-4, ARTC , breakpoint cluster
region-Abelson (Bcr-abl) fusion products, B-RAE, caspase-5 (CASP-5), caspase-8 (CASP-8),
.beta.-catenin (CTNNB1), cell division cycle 27 (CDC27), cyclin-dependent kinase 4 (CDK4),
CDKN2A, COA-1, dek-can 10fusion protein, EFTUD-2, Elongation factor 2 (ELF2), Ets variant gene
6/acute myeloid leukemia I gene ETS (ETC6-AMLI) fusion protein, fibronectin (EN), GPNMB, low
density lipid receptor/GDP-L fucose: P-Dgalactose 2-a-Lfucosyltransferase (LDLR/FUT) fusion protein,
HLA-A2. arginine to isoleucine exchange at residue 170 of the .alpha.-helix of the .alpha.2-domain in
the FTLA-A2 gene (HLA-A*201-R1701), HLA-.A1 I, heat shock 15 protein 70-2 mutated (HSP70-2M),
KIAA0205, MART2, melanoma ubiquitous mutated 2, 3 (MUM-I , 2, 3), prostatic acid phosphatase
(PAP), neo-PAP, Myosin class I, NEYC, OGT, 05-9, pml-RARalpha fusion protein, PRDX5, PTPRK,
K-ms (KRAS2), N-ras (NRAS), HRAS, RBAF600, SIRT2, SNRPDI, SYT-SSX1 or -SSX2 fusion
protein, Triosephosphate Isomerase, BAGE, BAGE-1, BAGE-2,3,4,5, GAGE-1,2,3,4,5.6,7,8, GnT- 20
V (aberrant N-acetyl glucosaminyl transferase V. MGAT5), HERV-K-MEL, KK-LC, KM-EN-!, LACE,
LACE-]. CTL-recognized antigen on melanoma (CAMEL 1, MACE-A] (MAGE- 1 ), MACE-A2,
MAGE-A3, MAGE-A4, MACE-AS, MAGE-A6, MACE-A9, MACE-MO, MACE-All. MAGE-Al2, MACE-3,
MACE-B1, MAGE-B2, MACE-B5, MAGE-B6, MACE-C1, MAGE-C2, mucin I (MUC1), MART-I
;Melan-A 25(MLANA), gp100, gp100/Pme117 (S1LV), tyrosinase (TYR), TRP-1, HAGE, NA-88, NY-
ES0-1, NY-ES0-1/LAGE-2, SAGE, SpI7, SSX-I,2,3,4, TRP2-INT2, carcino-embryonic antigen (CIEA),
Kallikrein 4, mammaglobin-A, 0A1, prostate specific antigen (PSA), 'FRP1/gp75, TRP-2, adipophilin,
interferon inducible protein absent in melanoma 2 (AIM-2). BING-4, CPSF, cyclin DI, epithelial cell
adhesion molecule (Ep-CAM), EphA3, fibroblast 



30growth factor-5 (FGF-5), glycoprotein 250 (f,p250), EGER (ERBBI ), HER-2/neu (ERBB2),
interleukin 13 receptor .alpha.2 chain (ILI 3Ralpha2), IL-6 receptor, intestinal carboxyl esterase (iCE),
alpha-feto protein (AFP), M-CSFI, mdm-2, MUGU p53 (TP53), PBF, PRAME, PSMA, RAGE-I, RNE43,
RU2AS, SOXIO, STEAPI, survivin (BIRC5), human telomerase reverse transcriptase (hTERT),
telomerase, Wilms' tumor gene (WTI), SYCP1, 35 BRDT, SPANX, XAGE, ADAM2, PAGE-5, LIP ,
CITAGE-I, CSAGE, MMA1, CAGE, BORIS, HOM-TES-85, AE15q14, HCA661, LDHC, MORC, SGY-I ,
SP011, TPX1,                                                                     NYSAR-35.FTHLI7. NXE2, TDRD1, TEX'S,
FATE, TPTE, immunoglobulin idiotypes,  Bence-Jones protein, estrogen receptors (ER), androgen
receptors (AR), CD40, CD30, CD20, CD19, CD33, cancer antigen 72-4 (CA 72-4T cancer antigen
15-3 (CA 15-3), cancer antigen 27-29 (CA 27-29), cancer antigen 125 (CA 125), cancer antigen 19-9
(CA 19-9), 0- human chorionic gonadotropin, squamous cell carcinoma antigen, neuron-specific
enolase, heat shock protein gp96, 0M2, sargramostim, CTLA-4, 707 alanine proline (707-AP),
Inadenocarcinoma antigen recognized by T cells 4 (ART-4), carcinoembryogenic antigen peptide-I
(CAP-I ), calcium-activated chloride channel-2 (CLCA2), cyclophilin B (Cyp-B), human signet ring
tumor-2 (HST-2), simian virus 40 (SV40) derived transforming genes and proteins, Human papilloma
virus (HPV) proteins (HPV-E6, HPV-E7, major or minor capsid antigens, others), Epstein-Barr virus
(EBV) proteins (EBV latent membrane proteins- Is-LMPI, LMP2; others), Hepatitis B or C virus
proteins, Human immunodeficiency virus (HIV) proteins, functional homologs, functional analogs, or
functional fragments thereof In certain embodiments, transgenes that encode onco-peptides, other
immortalization transgenes, functional homologs, functional analogues, or functional fragments thereof
utilized in any method described herein include transgenes that encode a polypeptide that 20induces
cell viability, survival and/or proliferation. t00791 in certain embodiments, a transgene that conditionally
over-expresses a polypeptide that induces cell immortality (e.g., an onco-peptide) comprises an
element that is responsive to tetracycline or an analogue thereof (e.g., doxycycline). In certain
instances, the transgene that encodes any polypeptide described herein (e.g., an onco-peptide) is
driven by tTA or rtTA (e.g., TRE-Myc). As such, in certain embodiments, a conditionally immortalized
stem cell described herein comprises a first transgene that encodes a polypeptide that induces cell
immortality, wherein 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 nTA). 30100801 In certain embodiments, a conditionally immortalized stem cell utilized in any
method described herein comprises a. transgene that expresses a conditionally activated polypeptide
that induces cell immortality (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 polyjpeptide is a fusion  polypeptide ofan onco-peptide, such as, by way of non-limiting
example, Myc-ER. In some embodiments, a conditionally immortalized stem cell is produced by
contacting the conditionally immortalized stem cell with a conditionally activated polypeptide that
induces cell immortality (e.g., an oneo-peptide), e.g., Myc-ER. 100811 In some instances, an agent
that induces immortality, e.g., an onco-peptide or anti- 0apoptotic polypeptide is optionally expressed
or synthesized outside the conditionally immortalized 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 to the conditionally immortalized stem
cell is produced by contacting the conditionally immortalized 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 is, e.g., Tat-Mye, Vpr-Myc, VP22- Myc, Tat-Bel-2, Vpr-Bel-2, \'P22-Bel-2, Tat-Bel-x, Vpr-Bel-x,
VP22-Bel-x, Tat-Bel-XL, Vpr-Bel-XL, VP22-BcI-XL, Tat-Mc1-I,Vpr-Mel- I. VP22-Mc1-1,
Tat-CID-9,Vpr-CED-9, VP22-CED-9, Tat-Al ,Vpr-A , VP22-A I. Tat-BB-1 ,Vpr-Bfl- I, VP22-Bfi-
Tat-Bcl-w, Vpr-Bel-w, and/or VP22-Bel-w. In certain embodiments, an onco-peptide comprising a
receptor, e.g., ER or OR, also further comprises a transduction domain that enables the 25polypeptide
to be delivered to the conditionally immortalized stem cell, e.g., Tat-Myc, Vpr- Myc, Tat-Myc-ER,
Vpr-Myc-ER, VP22-Myc-ER, Tat-Myc-GR, Vpr-Myc-GR, and/or VP22-Myc-OR. 100821 In certain
instances, the conditionally immortalized stem cell comprising an agent that induces cell immortality
that comprises a transduction domain is prepared by culturing 30a stem cell with the polypeptide
comprising the transduction domain. In specific embodiments, a conditionally immortalized stem cell is
prepared by culturing a stem cell with (I) Tat-Myc, Vpr-Myc, Tat-Myc-ER" Vpr-Mye-ER, VP22-Myc-ER,
Tat-Myte-GR, Vpr-Mye-OR, or VP22-Myc-GR; and (2) Tat-Bel-2, Vpr-Bel-2, VP22-Bc1-2, Tat-Bel-x,
Vpr-BcI-x, VP22-BcI-x, Tat-Bel-XL, Vpr-Bel-XL" VP22-Bc1-XL, Tat-Mel- I ,Vpr-Mc1-1, VP22-Mel-1,
Tat-CED-9,Vpr-CED-9, VP22-CED-9, Tat-Al ,Vpr-A I, VP22-A I, Tat-Bfl- ,Vpr-Bt71-1, VP22-Bf1-1,
Tat-Bc1-w, Vpr-Bel-w, or VP22-Bc1-w. In some embodiments, the polypepude that comprises a
transduction domain and is encoded by a protooncottene is, 



e.g., Tat-Myc, Vpr-Myc, Tat-Myc-ER" Vpr-Myc-ER, VP22-Myc-ER, Tat-Myc-OR, VprMyc-GR, or
VP22-Myc-GR. In certain embodiments, the conditionally immortalized stem cells (e.g., hematopoietic
stem cells) are those set forth or prepared by a method set forth in U.S. 2007/0116691, which is
hereby incorporated by reference for this disclosure. [00831 In some embodiments, an immortalized or
conditionally immortalized stem cell ingenerated 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 generated 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 combination with at least one other agent selected 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-apoptotic polypeptides, or a combination
thereof. 100841 Immortalized or conditionally immortalized stem cells (e.g., hematopoietic stem cells)
utilized in a 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 protooncogene) encoding a polypeptide
that induces immortality. In certain embodiments, the conditionally immortalized 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 in method described
herein comprise a transgene that encodes an onco-peptide, any method described herein optionally
further comprises excising the transgene from the nucleus of either the immortalized or conditionally
immortalized stem cell prior to differentiation, or from the nucleus of the cell of a selected type
following differentiation. [00851 in certain embodiments, stem cells (e.g., hematopoietic stem cells)
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 35
examples of such combinations include an onco-peptide or transgene expressing an oncopeptide
(e.g., Myc, Myc-ER, Tat-Myc, Vpr-Myc, Tat-Myc-ER" Vpr-Myc-ER, VP22-MycER, Myc-OR,
Tat-Myc-OR, Vpr-Myc-OR, V13122-Mye-OR, cyclin Dl. cyclin D3, and/or  HIF-I a) with an inhibitor of
an endogenous antagonist of an agent that induces cell immortality (e.g., an inhibitor of a
eyefin-dependent kinase inhibitor (e.g., p16, p19. p21, or p27) and/or an inhibitor of a transcriptional
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-I )). ID10086] In other embodiments, combinations
of agents that induce immortality include an onco-peptide or transgene expressing an onco-peptide
(e.g., Mye, Myc-ER, Tat-Myc, VprMyc, Tat-Myc-ER" Vpr-Myc-ER, VP22-Myc-ER, Myc-GR,
Tat-Myc-GR, Vpr-Myc-GR, VP22-Myc-GR, cyclin DI, cyclin D3, and/or H:IF-1a) with an anti-apoptotic
polypeptide comprising one or more of a BcI-2 homology domain (e.g., Bc1-2, Bc1-x, 13c1-XL, Mc1-1,
isCED-9, Al, MI- I, Bcl-w or the like); and/or an inhibitor of a pro-apoptolic polypeplidc (e.g., BIM,
PUMA, NONA, BAK, BAX, BIK, BAD, BID, EGL-I 1. In cenain embodiments, specific combinations of
agents that induce immortality in stem cells (e.g., hematopoietic stem cells) utilized in method
disclosed herein are: a Myc polypeptide and a Bc1-2 polypeptide; a Myc polypeptide and an inhibitor
of a pro-apoptotic polypeptide, e.g., 20BIM. in certain embodiments, the inhibitor comprises nucleic
acids, amino acids, or is a small organic molecule. 10087) In some other embodiments stem cells
(e.g., hcmatopoietic stem cells) utilized in method disclosed herein comprise a combination of an
inhibitor of an endogenous 



antagonist of an inducer of stem cell immortalization with at least one other agent that induces stem
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 polypeptides. Specific non-limiting examples of such combinations include an inhibitor of
MAD-I with a Bc1-2 polypeptide, and an inhibitor of MAD-I with an inhibitor of a pro-apoptotic
polypeptide, e.g., BIM. 30100881 Also included in certain embodiments are combinations of agents
that induce cell immortality, wherein at least one of the agents, up to 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, e.g., Myc-ER, Tat-Myc, VprMyc, Tat-Myci-ER"
Vpr-Myc-ER, VP22-Myc-ER, Myc-OR, Tat-Myc-GR, Vpr-Myc-GR and/or VP22-Myc-GR, in
combination with anti-apoptotic polypeptides, e.g., Bc1-2, TatBc1-2, Vpr-Bel-2, VP22-BcI-2, Tat-Bc1-x,
Vpr-Bel-x, VP22-BcI-x, Tat-Bel-XL, Vpr-Bc1- XL, VP77-Bel-XL, Tat-Mel-I,Vpr-Mc1-1, VP77-Mg1-1,
Tat-FiED-9,Vpr-CED-9, VP72-  CED-9, Tat-A] ,Vpr-A , M222-A I, Tat-Bfl- ,Vpr-BflVP22-Bf1-1,
Tat-Bcl-w,Bct- w, or VP22-Bcl-w, 100891 Transgenes and polypeptides described herein are delivered
to a plurality of stem cells (e.g., hematopoietic stem cells) to be immortalized or conditionally
immortalized in any suitable manner such as, by way of non-limiting example, transfecting into a stem
cell 10using a vector, microinjection, transfection, transduction, electroporation, or like methods. In
certain instances, transgenes are constructed into a vector by any suitable techniques including, e.g.,
using polymerase chain reaction to isolate a gene or a fragment of a gene or genes from a genome,
using restriction enzymes for the modification of a gene, or a fragment of a gene or genes isolated
from a genome, using nucleic acid modifying enzymes ISsuch as topoisomerases, DNA ligases, DNA
nucleases, and using methods related to obtaining mRNA from a cell and converting mRNA to cDNA
and cloning the cDNA into a suitable vector for further cloning. [0090] In certain embodiments, protein
transduction is used to introduce the   immortalization agent(s) into the cells. For example, for protein
transduction, the fusion 20proteins have been purified prior to transduction. As a result, genetic
modification of the cell is not necessary in order to conditionally immortalize the cell. [00911 In certain
embodiments, viral transduction is used. In some embodiments, the gene for immortalization, such as
Myc or Bc1-2, is cloned into a viral vector in which the gene expression is derived under the control of
various viral inducers, such as herpes simplex 



25virus thymidine kinase inducer or HIV LTR (long term repeat) inducer. In specific embodiments, the
plurality of stem cells (e.g., hematopoietic stem cells) is contacted with a viral vector comprising a
nucleic acid sequence encoding a Myc gene, a Bc1-2 gene, or a combination thereof in some
embodiments, the plurality of stem cells (e.g., hematopoietic stem cells) is contacted with a retroviral
vector comprising a nucleic acid sequence 30encoding a Myc gene, a Bc1-2 acne, or a combination
thereof In some embodiments the plurality of stem cells (e.. g.. hematopoietic 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 plurality of stem cells (e.g., hematopoietic stem cells)
is contacted with a lentiviral vector comprising a nucleic acid sequence encoding a Myc gene, 35a
Bc1-2 gene, or a combination thereof In some embodiments, cell transfection methods are used for
the delivery of transgene(s). Thus, in some embodiments, genes are cloned into a mammalian
expression vectors and the vector containing the transgene is delivered by  commercially available cell
transfection agents based, en., on cationic lipid technologies. In some embodiments, an
electroporation method, which is a variation of tra.ns.fcction methodologies, is optionally used to
deliver mammalian expression vectors. In certain instances, for efficient transfection, the vector is
linearized before the transfection. 100921 In some embodiments, any of the method described herein
utilizing an immortalized ifior stem cell comprising a transgene that encodes a polypeptide that induce
immortality (e.g., an onco-peptide) further comprise excising the transgene from the stem cell prior to
differentiation or from the differentiated cell following differentiation. In certain embodiments, excision
of the transgene is achieved via the use of a Cre-loxP or similar system. In this system, the transgene
that encodes the polypeptide that induces cell survival, 15cell viability and/or cell proliferation
comprises a sequence element, e.g., a loxP locus (5'- ATAACTTCGTATA ATGTATGC
TATACGAAGTTAT-3`), inserted before and after the transuene. 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 20and/or cell
proliferation). In one embodiment using Cre-loxP system, a viral plasmid is constructed in which fusion
transnene (e.g., Tat-Myc, Vpr-Myc, Tat-Myc-ER, or Tat-MYC) is flanked by two loxP sequences. In
certain embodiments, the transgene is integrated into the nenomes of a plurality of stem cells (e.g.,
hematopoietic stem cells) by any suitable method (e.g., transduction). DeiJerennanon 100931 In some
embodiments, provided herein is a method for preparing a plurality of cells of a selected type,
comprising: (a). providing a stem cell; (b). introducing a transnene encoding an anent that induces
immortality or an onco-peptide that induces immortality into the conditionally immortalized stem cell to
produce a conditionally immortalized stem cell; and (c). inducing differentiation of the plurality of
immortalized a plurality of stem cells (e.g., hematopoietic stem cells) to a plurality of cells of the type.
35[00941 In certain embodiments, an immortalized stem cell utilized in any method described herein is
a conditionally immortalized stem cell (ctlt-stem cell). In some embodiments, differentiation of a
conditionally immortalized stem cell occurs under conditions wherein  5immortalization of the
conditionally immortalized stem cell is not induced. In other embodiments, differentiation of a
conditionally immortalized stem cell occurs under conditions wherein immortalization of the
conditionally immortalized stem cell is induced. 100951 In sonic embodiments, a method disclosed
herein further comprises contacting the conditionally immortalized stem cell with a polypeptide that
induces differentiation and/or a 10transgene 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 Isfacilitates 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. 100%1 In certain embodiments, the
polypeptide that induces differentiation is a cytokine. In certain embodiments, the cytokine is a growth
and/or differentiation factor. In certain embodiments, the growth and/or differentiation factor is FPO.
THPO or G-CSF. 20100971 A cell produced by a method 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 erythrocyte (erythrocyte), a lymphoid cell, a B lymphocyte, a T lymphocyte, a natural killer
cell, a neutrophil, a basophil, an eosinophil, a monocyte, a macrophage, a thrombocyte, or the like
from an immortalized or conditionally immortalized stem cell. In specific embodiments, an erythrocyte
is prepared from an immortalized or conditionally immortalized stem cell. In other specific
embodiments, a thrombocyte is prepared from an immortalized or conditionally immortalized stem cell.
In some embodiments, a differentiated cell prepared according to any method described herein is an
anucleated cell e.g., an erythrocyte. 30100981 Furthermore, selected types of cells prepared by
differentiating immortalized or conditionally immortalized stem cells according to any method described
herein include, by way of mm-limiting example, lymphoid progenitor cells, iymphoblasts,
prolymphocyte, naive T cells, T helper cells, natural killer Cells, cytotoxic T cells, memory T cells,
regulatory T cells, yd. T cells, progenitor B cells, early 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-I cells, lymphoid
dendritic cells, common myeloid progenitor cells, megakaryoblasts, promegakayroblasts,
megakaryocytes, thrombocytes, proerythroblasts,  5basophilic erythroblasts, polychromatic
erythroblasts, orthochromatic erythroblasts, reticulocytes, erythrocytes, myeloblasts, basophilic
promyelocytes, basophilic myelocytes, basophilic metamyelocytes, basophilic band cells, basophils,
neutrophilic promyelocytes, neutrophilic myelocytes, neutrophilic metamyelocytes, neutrophilic band
cells, neutrophils, eosinophilic promyelocytes, eosinophilic myelocytes, eosinophilic metamyelocytes,
iUeosinophilic band cells, eosinophils, monoblasts, promonocytes, monocytes, macrophages, myeloid
dendritic cells, and mast cells. Moreover, in some embodiments, immortalized or conditionally
immortalized stem cellsdifferentiate into cells of non- lineages, such as cells of epithelia, liver, lung,
gastrointestinal tract, brain, heart, skeletal muscle, and skin. [0099] In some embodiments, a bone cell
(osteocyte), cartilage cell (chondrocyte, fat cell (adipocyte), lung cell, or the like are prepared from an
immortalized or conditionally immortalized mesenchymal stem cell. In certain embodiments, a neuron,
astrocyte, oligodendrocyte, or the like is prepared from an immortalized or conditionally immortalize
neural stern cell. In some embodiments, epithelial cells (e.g., a component cell of the epithelium of a
tissue) are prepared from an immortalized or conditionally immortalized 20epithelial stem cell. In
certain embodiments, keratinocyte or the like are prepared 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. 



1001001 In certain embodiments, an immortalized or conditionally immortalized stem cell is
differentiated to a selected type of cell in any suitable manner. In some embodiments, an immortalized
or conditionally immortalized stem cell is differentiated by contacting the cell with an agent that induces
differentiation, e.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 3ucomprises culturing the agent (or combination of agents) with the
immortalized or conditionally immortalized stem cell. In certain instances, cytokines 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 to any classes of cytokine, including, an
autocrine cytokines, a paracrine cytokines or an endocrine cytokines. 35Agents utilized to induce
differentiation (e.g., a cytokine) or combinations of agents are optionally utilized. In specific
embodiments, agents (e.g., cytokines) utilized in differentiating immortalized or conditionally
immortalized stem cells (e.g., hemai  sstem cells) include, by way of non-limiting example, one or more
of an interleukin (IL) family ranging from IL-I through IL-35, an interferon (IFN), a leukocyte migration
itory factor (LMIF), a leukemia inhibitory factor (ITonconstatin M (0,SM      pontin, erythropoietin FPO),
thrombopoietin FIFIPOL transforming growth factor beta (TGE111), a tumor necrosis factors (TNF),
stem cell factor (SCT), granulocyte colony stimulating factor (G-CSF), granulocyte macrophage colony
stimulating factor (G-CSF), macrophage colony stimulating factor (M-CSE), beta-thromboglobuin, a C
family chemokine, a CC family chemokine, a CXC family chemokine, a CX3C family chemokine,
thrombocyte factor 4, a macrophage inflammatory protein, a tumor autocrine motility factor, a
hepatocyte growth factor, a neuroleukin, a T-cell suppressor factor, a B-cell isactivating factor, an
ectodysplasins, a Fas-ligand protein, 0X40 ligand, RANK ligand, a lymphotoxin, or a combination
thereof (mon For example, in some embodiments, inducing differentiation of an immortali7ed or
conditionally immortalized stem cell to an erythrocyte or an erythrocyte progenitor according to any
method described herein includes contacting (e.g., culturing) the 20immortalized or conditionally
immortalized stem cell with EPO. 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 



1L-6. G-CSF, and LEO. Furthermore, in certain embodiments, inducing differentiation of an
immortalized or conditionally immortalized stem cell to a thrombocyte according to any method
described herein includes contacting (e.g., culturing) the immortalized or conditionally immortalized
stem cell with THPO. In further embodiments, inducing differentiation of an immortalized or
conditionally immortalized stem cell to a thrombocyte progenitor according to any method described
herein includes contacting (e.g., culturing)  30 the immortalized or conditionally immortalized stem cell
with IL-3, 11L-6, G-CSE, and THPO. In some embodiments, ciy(tokines, such as dexamethasone.
P-estradiol, insulin growth factor-I, and/or cyclosporin A, are utilized in differentiation method described
herein. 1001021 In some instances, prior to contacting the plurality of stem cells (e.g., hematopoietic
35stem 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 ami-apoptotic peptide, is excised
from the conditionally immortalized stem cell. Excision of the agent that  5induces immortalization is
achieved in any suitable manner, including via bacterial recombinaseCre or Flp). 1001 031 In specific
embodiments, provided herein is a method for producing a plurality differentiated cells, comprising:
(d).providing a stem cell; (e). introducing a transgene encoding an agent that induces immortality or a
polypeptide that induces immortality into the conditional!y immortalized stem cell to produce an
immortalized or conditionally immortalized stem cell; and (f). inducing differentiation of the
immortalized stem cell to the selected type of cell. 1001041 In various embodiments, the conditionally
immortalized stem cell is, by way of non-limning example, a stem cell, a mesenchymal stem cell, a
neural stem cell, a epithelial stem cell, 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 stem cell, an embryonic stem cell or the like. In specific embodiments, the plurality of stem
cellshematopoietic stem cells) is obtained from any suitable source. For example, in some
embodiments, a stem cell is obtained from the bone marrow, peripheral blood, umbilical cord, or fetal
tissue 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. In some embodiments, the plurality of
stem cells (e.g., hematopoietic stem cells) are obtained by anesthetizing the stem cell donor,
puncturing the posterior superior iliac crest with a needle, and performing aspiration of bone marrow
cells with a syringe. In some embodiments, the plurality of stem cells (e.g., hematopoietic stem cells) is
harvested from circulating blood. In some embodiments, the 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 stein 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 I 8 weeks.  1091051
Furthermore, in some embodiments, provided herein are method of preparing progenitors or
precursors of any of the cells described herein. For example, in some embodiments, any method
described herein is utilized to prepare a progenitor or a precursor of an erythrocyte or a thrombocyte.
Such progenitors or precursors include, by way of non-       g example, a myeloid progenitor cell.
Progenitor cells are cells with restricted differentiation potential. They are produced from a plurality of
stem cells (e.g., hematopoietic 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 give rise to lymphoid progenitor cells, such as T cell or B cells. In certain
embodiments, progenitor cells are produced according to any method described herein. 1001061 In
certain embodiments, cells prepared by any of the method described herein are further separated to
achieve homogeneitythe final cell product. Erythrocytes, for example, go through diverse stages of
different morphology and characters during differentiation method. In certain embodiments, in order to
collect a plurality of erythrocytes that are substantially homologous, various methods are employed to
separate 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 filtering.
In certain embodiments, when terminally differentiated products are not 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 terminally differentiated form of cell. For
example, in some embodiments, in order to 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 (Jr-I antibodies to identify macrophages in the
culture. In some embodiments, the identified macrophages are isolated to a homogeneous
30population by the use of FACS equipment. 1001071 In certain embodiments, progenitor cells that
are not terminally differen produced by any of the method described herein. For example, in some
embodiments, subjects in need of a sustained blood supply rather than instant infusion of a large
quantity of erythrocytes is delivered reticulocytes or proerythroblasts prepared according to a method
described herein for sustained in vivo production of erythrocytes. In certain embodiments, in order to
facilitate differentiation from immortalized or conditionally immortalized stem cells to progenitor cells
rather than terminally differentiated cells, cytokine selection,  concentration, and/or the nof removal
from the culture medium are optionally adjusted. By adjusting these parameters, for example,
erythrocyte differentiation is directed toward a condition favoring the production of procrythroblasts
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 identification and/or
0separation are achieved by, by way of non-limiting example, the use of FACS equipment 



some embodiments, erythrocyte progenitors are identified and/or isolated based on their ability to
attach to Ter-I19 antibody. Figure 5 illustrates differentiation of conditionally immortalized a plurality of
stem cells (e.g., hematopoietic stem cells) into Ter-119 expressing erythroid progenitors in vitro.
Erythrocytes and Thrombocytes [00108] Furthermore, provided herein are differentiated cells (e.g.,
erythrocytes, thrombocytes or progenitors thereof) prepared according to any method described
herein. 1001091 In some embodiments, provided herein is a method for preparing an erythrocyte,
comprising: (g).providing a conditionally immortalized stem cell; and (h). inducing differentiation of the
conditionally immortalized stem cell into an erythrocyte or an erythrocyte progenitor. 100110] In
specific embodiments, inducing differentiation of a conditionally immortalized stem cell into an
erythrocyte or a progenitor thereof comprises contacting the conditionally ized stem cell with
erythropoietin (EPO). [0111 Ill 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 30conditionally
immortalized stem cell with EPO. 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-CSE, and EPO. in some embodiments, inducing differentiation of an
immortalized or conditionally 35immortalized 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 IL-3, G-CSF, and EPO. In certain 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 IL-3, G-CSF, IT-6, and FPO. In further
embodiments, inducing differentiation of an immortalized or conditionally immortalized stein cell to an
erythrocyte or an erythrocyte inprogenitor according to any method described herein includes
contacting (e.g., culturing) the immortalized or conditionally immortalized stem cell with 1L-3, G-CSF,
cyclosporine A, and EPO. 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 ISimmortalized or conditionally
immortalized stem cell with G-CSF and EPO and one or 



more of IL-3, 1L-6, cyclosporine A, or TNF-a. 1901121 In some embodiments., provided herein is a
method for prep comprising: (i). providing a conditionally immortalized stem cell; and inducing
differentiation of the conditionally immortalized stem cell into a. thrombocyte or a thrombocyte
progenitor. iiiii1131 In specific embodiments, inducing differentiation of a conditionally immortalized
stem cell into an erythrocyte or a progenitor thereof comprises contacting the conditionally
immortalized stern cell with thrombopoietin (THP0). '5 II. Screening Method  190114] In certain
embodiments, provided herein are method and kits for identifying compounds that selectively induce
differentiation of conditionally immortalized stem cells atopoietic stem cells) by: 30(a) providing a
conditionally immortalized stem cell; (hi contacting the conditionally immortalized stem cell with a
compound; to detecting or measuring the effect of the compound on the state of differentiation of the
conditionally immortalized stem cell; and no optionally isolating and characterizing the compound that
was contacted with the immortalized stem cell in the case that the identity of the compound is
unknown when contacted with the immortalized stem cell.  51001151 Any of the immortalized or
conditionally immortalized stem cells disclosed herein is 



used in a method of screening for compounds that induce differentiation of the conditionally
immortalized stein cellsnematopoietic stem cells) into cells of a selected type. 1(11)1 161 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., hetnatopoietic stem cells)). For example, in
some embodiments wherein the conditionally immortalized stem cell is produced by Iscontacting the
conditionally immortalized stem cell with a Myc-ER or Mye-OR polypeptide, the conditionally
immortalized stem cell is contacted with the compound in the absence of an estrogen receptor
modulator or ligand (e.g., tamoxifen or 4- hydroxytamoxifen) or the glucocorticoid receptor ligand (e.g.,
mifepristone). Thus, in these specific embodiments, the ER or OR is not activated and the My domain
of the fusion tupolypeptide remains non-functional. In some embodiments, the conditionally
immortalized cell comprises TRE-Myc,Myc activated by t.TA or rtTA, and the conditionally
immortalized stem cell is contacted with the compound while the TRE-Myc is inactivated, e.g., in the
absence of tetracycline in the case of tTA activated Myc and in the presence of doxycycline in the case
of rtTA activated N4yc. 251001171 In some instances, prior to contacting a plurality of stem cells (e.g.,
hematopoietic stem cells) with a compound in the screening method, an agent that induces
immortalization, e.g., onco-peptide and/or transgene encoding an onco-peptide and/or antiapoptotic
peptide, is excised from the conditionally immortalized stem cell. Excision of the agent that induces
immortalization is achieved in any suitable manner, including via 30bacterial recombinasesCre or Elp).
101181 In certain embodiments, the screen for identifying compounds that induce differentiation is
done in the absence of EPO. In such cases, the compounds identified by the screen induce
differentiation of the conditionally immortalized stem cells (e.g., hematopoietic stem cells) to cells of
selected type, e.g., erythrocytes, without the assistance 35of EPO. In some embodiments, when the
screen is conducted in the absence of EPO, expression of the EPO receptor is disrupted. Compounds
identified by the screening method disclosed herein that induce differentiation of a plurality of stem
cells (e.g., hematopoietic  



stem cells) to erythrocytes in the absence of EPO is administered therapeutically without risk of
developing crythroleukemia from chronic administration of EPO. 10191 In other embodiments, the
screen for compounds that induce different.ation of a plurality of stem cells (e.g., hematopoietic stem
cells) is conducted in the presence of EPO. When EPO is present, compounds identified by the
screening method modulate (e.g., toincrease or decrease) the activity of EPO. Compounds that
modulate the activity of EPO identified by the screening method disclosed herein are effective for the
treatment of erythroid leukemias 1001201 In certain embodiments, the screen for identifying
compounds that induce differentiation is done in the absence of THPO. In such cases, the compounds
identified in Isthe screen induce differentiation of the conditionally immortalized stem cells (e.g.,
hematopoietic stem cells) to 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 THP0 is present, compounds identified by the :0screening method modulate (e.g.,
increase or decrease) the activity of THPO. 1001211 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,
gain-of-function screens, gene-expression and microarray analysis, immunocytochemistry,
labeled-antibody detection or 25measurement of cellular markers, HPLC analysis of cellular molecular
signatures, small- molecule fluorophore screens, and cellular functional analysis. 1001221 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 example, gas chromatography, high
performance liquid chromatography, flash 30chromatography, 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.
1001231 in some embodiments, provided herein is a compound identified by any method described
herein. The compound is identified by screening individual compounds or 35mixtures compounds. The
conditionally immortalized stem cells (e.g., hematopoietic stem 



cells) are optionally contacted with individual compounds or collections of compounds, e.g.,
combinatorial libraries of compounds. Compounds are screened in a high-throughput  manner, using
colorimetric analysis to identify compounds that induce differentiation or modulate the activity of other
differentiating agents. 1001241 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 plural toof 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 identifying compounds
that induce differentiation of a plurality of stem cells (e.g., hematopoietic stem cells) set forth herein.
isIll. Methods of Treatment  1001251 Cells prepared according to any method herein are optionally
used therapeutically or as sources of cells for research purposes. Enucleated Cell Deficiency
Disorders 1001261 Disclosed herein, in certain embodiments, is a method of treating a disorder
20characterized by a deficiency of anucleated cells, comprising: administering an anucleated cell
prepared according to a method disclosed herein. In some embodiments, 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, Burkin'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
30embodiments, an anucleated cell produced by a method disclosed herein is co-administered with
chemotherapy. 



1001271 in some embodiments, thrombocytes, erythrocytes or progenitors thereof are administered to
or transfused into an individual in need thereof e.g., suffering from a loss of blood. In some
embodiments, a patient suffering from a low number of a subset of myeloid 35cells is treated by giving
myeloid precursor cells to compensate for myeloid deficiency. In certain embodiments, wherein an
immediate transfusion is needed, large quantities of erythrocytes and/or thrombocytes prepared
according.: to method described herein are  5administered to an individual. In some embodiments,
sustained transfusion of blood and/or thrombocytes is desired and progenitors of erythrocytes and./or
thrombocytes are administered to the individual. [001281 Cells of a selected type prepared according
to any method described herein are optionally utilized in cell replacement therapy and/or in a
supplementary therapy to subject 10with various conditions including, by way of non-limiting example,
anemia, neutropenia, thromocytopenia, granulocytopenia, 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 15leukemia, or combinations
thereof Delivery Devices 1001291 Cells prepared according to any method disclosed herein are
optionally administered to patients as delivery vehicles for polypeptides of interest, e.g., for therapeutic
or diagnostic purposes. For example, key advantages of using cells prepared by the method
20described herein, e.g., erythrocytes and thrombocytes, for protein delivery include the transient
nature of the cells, the lack of genetic material in the fully mature, anucleated cells, and the tolerance
of the "self vessel" for delivery by the lymphoid compartment from ontogeny. In some embodiments,
the polypeptide is a therapeutically beneficial polypeptide. In other 25embodiments, the polypeptide is
a diagnostic polypeptide. In certain embodiments, a 



polypeptide is not an onco-peptide. In some embodiments, a polypeptide comprises an export
sequence and plasma membrane retention element, 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 is a GPI-linked protein, CD8, or 30CDI6. 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, 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 35specific peptides to a patient by introducing them into the peripheral blood of a
patient, where scrum proteases will cleave and release the peptide from the cell surface. Cells
expressing selected polypeptides on the plasma membrane, including cleavable  polypeptides that are
produced in the manner disclosed herein are vehicles for delivery of therapeutic proteins. For example,
in certain embodiments, when erythrocytes are used as vehicles for protein delivery, key advantages
include the transient nature of the erythrocytes and encoded proteins that they deliver, the lack of
genetic material contained in the fully mature, anucleated erythrocytes, the use of a vessel for protein
delivery that is tolerated by it)the lymphoid compartment from ontogeny, and ability to generate the
cells for delivery in vitro. 1001301 In some embodiments, the polypeptide is a decoy receptor. in
certain embodiments, the decoy receptor is a cytokine receptor. In some embodiments, the cytokine
receptor is soluble. In certain embodiments, the decoy receptor is IL3R-Fc, lL6RFe, diNF-ttR-FC,
ISIFN-aR-Fc, or BAFFR-Fc. 1001311 In other embodiments, a polypeptide is a toxin. In certain
embodiments, the toxin is ricin or diphtheria toxin. [001321 In some embodiments, a polypeptide is an
angiogenesis inhibitor. 1001331 In other embodiments, a polypeptide is a proangiogenic factor. 



701001341 In still other embodiments, a polypeptide is a lymphangiogenic factor. 1001351 in further
embodiments, a polypeptide is a vasodilatory peptide. [001361 In other embodiments, a polypeptide is
an antigen. 1001371 In still other embodiments, a polypeptide is a protease. In certain embodiments,
protease is specific for fibrotic tissues in embolitic masses. 25[001381 In some embodiments, a
polypeptide is a receptor for a microbe, e.g., a virus, a bacterium, a fungus, a protozoon, or a 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 higher binding affinity for the microbe.
1001391 In some embodiments, a cell produced by a method disclosed herein is a delivery Si)vehicle
for a polypeptide angiogenesis inhibitor. In other embodiments, a polypeptide is a pro-angiogenic
factor and/or lymphangiogertic factor, and such cells produced by a method disclosed herein is
administered to patients to deliver the polypeptides for the treatment of, for example, frost bite,
cancer-related vasoconstriction, or rheumatic arthritis. 1001401 In still other embodiments, a
polypeptide 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.  51001411 in other embodiments, a polypeptide is an antigen. Cells produced
by the method disclosed herein that express an antigen are vehicles for delivery of thetigens to
produce an immune response. [00142] In some embodiments,such cells are delivered to patients in
conjunction with toll-like receptor ligands (TLR I ands) in order to boost life-long immunity. in[00143] In
still 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 embolitic masses are
administered to patients to alleviate blood clot formation or to reduce the risk of pulmonary embolisms.
151001441 In some embodiments, a polypeptide is 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. 



1001451 Figure 6 illustrates reconstitution of erythrocytes in no after lethal irradiation by transplant of
conditionally immortalized stem cells (e.g., hematopoietic stem cells) - macroscopic view I. Figure?
illustrates reconstitution of erythrocytes in vivo after lethal irradiation by transplant of conditionally
immortalized stem cells (e.g., hematopoietic stem cells) - macroscopic view Il. Figure 8 illustrates
reconstitution of erythrocytes in vivo after lethal irradiation by transplant of conditionally immortalized
stem cells (e.g., hematopoietic 25stem cells) - microscopic view of anucleated erythrocytes. IV.
Bioreactors  [00146] In some embodiments, production of differentiated blood cells (e.g., erythrocytes
or thrombocytes) is achieved by the use of bioreactors. In certain embodiments, the bioreactors 30are
flow reactors or batch reactors. In specific embodiments, flow reactors are continuous flow reactors or
batch-flow reactors. In certain embodiments, synthesis in a reactor is achieved by seeding a vessel
with an immortalized or conditionally immortalized stem cell population. In some embodiments, the
immortalized or conditionally immortalized stem cell population is induced or allowed to proliferate
(e.g., due to promotion of cellular survival, 35 viability anchor proliferation caused by a polypeptide
therein). Once a sufficient population (e.g., at least 0.1 kg, 1 kg, 10 kg, or 100 kg) of immortalized or
conditionally immortalized stem cells are prepared, the conditionally immortalized stem cells (e.g.,
hematopoietic stem  cells) are contacted with a culture medium 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 progenitors
andlor terminally differentiated cells) desired are then collected. [001471 immortalized or conditionally
immortalized stem cells described herein are capable toof being cryopreserved (e.g., for less than
about I 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, about 3 months, about 4 months, about 6
months, about 8 months, about 9 months, about 12 months). This feature allows for convenient
on-demand synthesis of a selected type of cells on a large scale. In certain embodiments,
immortalized or 15conditionally 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. 1001481 Provided in
certain embodiments herein is a reactor system, comprising: 



(k). feeder vessel comprising a plurality of conditionally immortalized stem cells hematopoietic stem
cells);       on vessel comprising a plurality of conditionally immortalized stem cells .g., hematopoietie
stem cells) and an agent for inducing differentiation of the conditionally immortalized stem cells (e.g.,
hematopoietic stem cells) into erythrocytes or thrombocytes, wherein the reaction vessel is in
communication with the feeder vessel; and (m), a downstream harvest vessel in communication with
the reaction vessel, the harvest vessel comprising a plurality of the erythrocytes or thrombocytes.
[00149] In certain embodiments, the feeder vessel further comprises an agent for inducing
30proliferation of the conditionally immortalized stem cells (e.g., hematopoietic 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 Bc1-2 gene (i.e., a Bel-2 transgene) or polypeptide. In some embodiments, the
conditionally immortalized stem cell is produced by contacting the conditionally immortalized stem cell
with Myc-ER  5fusion gene or fusion polypeptide and optionally a Bc1-2 gene or polypeptide. In certain
embodiments, the agent for inducing proliferation of a plurality of stem cells (e.g., hematopoietic stem
cells) is, an estrogen receptor modulator. In some embodiments, the agent for inducing differentiation
of the conditionally immortalized stem cells (e.g., hematopoietic stem cells) to etythrocytes is 1-3 and
EPO. In certain embodiments, the agent for inducing differentiation of the conditionally immortalized
stem cells (e.g., hematopoietic stem cells) to thrombocytes is 1L-3 and THPO. FL 'S Example I
1001501 Figure IA illustrates a schematic representation of retroviral constructs used to transduce
primary marine HSC cells with ATCER and Bc1-2. Variants of the pMSCV backbone are generated to
encode the cDNAs for human AlYGER or Bc1-2 as well as an 1RES element and a reporter gene
(EGFP). The resulting viruses generate bicistronic transcripts such that the level of reporter gene
expression correlates with the level of taiexpression of the first cDNA. Figure I B illustrates Flow
cytometric analyses of HSCs 



obtained 5-fluorouracil treated donors following transduction with pM1G-AHCIER and pM1G-Bc1-2.
Figure IC illustrates kinetics of leultemogenesis in mice transplanted with the transduced HSCs shown
in panel B. Cohorts of lethally irradiated mice are transplanted with 105 HSCs that have been
transduced with pMIG-AITC.ER and pM1G-Bc1-2. One week  25 after transplantation, the mice are
given weekly injections of 40HT. The curve represents the percentage of surviving mice at a given
point in time after the 40HT injections began (day Pin the graph). All of the mice died uniformly of an
AML-like leukemia. The data shown here are from one experiment representative of 4 independent
experiments. Figure ID illustrates 'PACS analysis of a ctlt-hematopoietic stem cell soon after recovery
from the 30bone marrow of leukemic mice. At an early stage of the method of establishing a
conditionally immortalized hematopoietic stem cell line, the cells uniformly express high levels of GFP,
predominantly express high levels of c-kit and Sca-1, and do not express Flk2. CD34 or lineage
markers such as CD19, B220 (shown in the figure), or Thy1.2, Mac-I, Gr-1, Ter-119. Finite I E
illustrates FACS analysis of a conditionally immortalized 35hematopoietic stem cell line that has been
established. Once the conditionally immortalized hematopoietic stein cell line is expanded and
cryopresemed, it retains a stable surface phenotype that is represented in panel B. These cells
express high levels of Sea-I, but have  reduced surface levels of c-Kit, and remain negative for Flk-2,
CD34, B220, CD19 or the other lineage markers (thy1.2, Or-I, Mac-I, Ter-119, not shown). The
reduction of c-kit levels from the surface appears to be a result of continuous signaling, since they
require 0- CSF to retain their H SC-like phenotype. Figure 1F illustrates FACS analysis of stem cell
marker in normal, unmanipulated Hematopoietic stem cells from the bone marrow of wild 10 type
C57/13L6 mice. Bone marrow stem cells are obtained from wild type, unmanipulated C57/B.L6 mice.
The cells are stained with antibodies to c-kit, sea-I, Flk-2, and CD34, in order to compare the
expression levels of the marker proteins by normal HSCs and in the efit-hematopoietic stem cell lines.
Example 2  iS[00151) Figure 2 illustrates analysis of cionality of conditionally immortalized
hematopoietic 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 lines derived from single cell clones of the parental cell lines. The integrated retroviral insertions
are amplified with a nested two-stage PCR procedure. Lane I shows the pattern of normal C57/BL6
cells. Lanes 2 and 3 show the pattern of retroviral integrations in multiclonal cell lines. Lanes 4-10
show the pattern of retroviral insertions 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 lineages. Example 3  1001521 Figure 3 illustrates the
characterization of mature immune cells that arise following 



transplantation of cith-hematopoietic stem cells. Figure 3A illustrates frequency of cells derived from
ctlt-hematopoietic stem cells in lymphoid tissues after transplantation. Cohorts of C57/B.L6 mice are
lethally irradiated and given transplants consisting of 103 ctlt- 30hematopoietic stem cells and 3x105
carder whole bone marrow cells derived from Rag-1/ 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 GFP in the bone marrow, thymus,
spleen and lymph node of chimaeric mice are represented in panel A. These histograms are derived
from the organs in one mouse exemplary of each within a cohort of five. Figure 38 illustrates detection
of GFP+ myeloid lineage cells in the bone marrow. We stained bone marrow cells for Mac-1 and Or-I.
Panel B shows that while not all of the myeloid cells found in the bone marrow of  5chimaeric mice
express the retrovirally encoded reporter gene, a significant portion is GFP+ and hence are derived
from the etit-hematopoietic stem cells. Figure 3C illustrates analysis of peripheral. mature lymphocytes
in the spleen. Spleens from chimeric mice were analyzed by flow cytometry for mature T and B cells.
Panel C shows the presence of TCRal3 T cells that are either CD4 or CD8 single positive. In addition,
panel C also shows [0the detection of CD19+ B cells that express IgM and lgD on their surface. While
the frequency of mature T-cells in the spleen is comparable to what is found in wild type,
unmanipulated C57/BL6 mice, the development of B-cells is delayed. Figure 3D illustrates analysis of
peripheral, mature lymphocytes in transplant recipient mice following the second serial passage of
conditionally immortalized hematopoietic stem cells. Spleens are iscollected from chimaeric 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 C57/BL6 mice, are compared. Panel D shows the presence of
mature CD4 or CD8 single positive TCRail T cells in the spleens at a frequency similar to normal mice.
CD19+ 12M+ and IgD+ B cells are present, albeit at a lower frequency than in normal mice. :tiExample
4  1001531 Figure 4 illustrates longcue from lethal irradiation by cllt-llcrnatopoietic stem cells.
Transplantation of conditionally immortalized hematopoictic stem cells alone does not confer
radioprotection past the cfis induced by loss of erythrocytes. Kaplan/Mayer survival curves for cohorts
of mice that are lethally irradiated and given transplants consisting of 103 or 105 cells from two
different conditionally immortalized hematopoietic stem cell lines (conditionally immortalized
hematopoietic stem cell or conditionally immortalized hematopoietic stem ce11.2). All of the cohorts
consisted of 10 mice and these animals uniformly died of severe anemia. We also represent the
mortality cures of two cohorts of mice that are lethally irradiated and given 3x10) carrier whole bone
marrow cells 30derived from Rag-IT mice along with 10' conditionally immortalized hemampoietic stem
cells from either cell line. The cohorts consisted of 3-4 mice each and the animals remained alive and
healthy for up to 6 months after transplantation. 



Example 5 - In tamp treatment of aneb administration of erythrocytes produced by a method disclosed
herein  351001541 Two cohorts of healthy mice are given a sublethal dose of irradiation to induce
anemia. The first group of anemic mice are administered erythrocytes (produced as disclosed herein)
in a suitable carrier. The second group of mice (the control mice) are  sadministered only the suitable
carrier. The mortality rate of the two groups of mice is compared to determine the efficacy of
administration of erythrocytes disclosed herein to rescue the mice from anemia. Example 6 - In vivo
treatment of anemia in a renal failure mouse model  1001551 Anemia is induced in a renal failure
mouse model, as reported in the literature. [0Hamamori, et al. I. Clio. Invest (1995), 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 order to determine the efficacy of administration of
iserythrocytes disclosed herein for the treatment of anemia resulting from renal failure. 1001561 While
preferred embodiments of the present invention have been shown and described herein, it will be
obvious to those skilled in the art that such embodiments are provided by way of example only.
Numerous variations, changes, and substitutions will now occur to those skilled in the art without
departing from the invention. It should be understood that various alternatives to the embodiments of
the invention described herein is employed in practicing the invention. It is intended that the following
claims define the scope of the invention and that methods and structures within the scope of these
claims and their equivalents be covered thereby.  



CLAIMS IS CLAIMED IS: A method of preparing 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;  10wherein 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 MYC molecule; fttransfecting the stem cells with a second retroviral vector comprising a nucleic acid
sequence encoding Bc1-2, BcI-X, or a combination thereof; and ISc.culturing the stern cells with IL-3.
FL-6, stem cell factor, thrombopoietin, F1t3 ligand, or a combination thereof; and wherein the activity
of the Myc molecule has been suppressed before differentiation. 2.The method of Claim 1, wherein the
cytokine that directs differentiation toward anucleated cell is 1L-3, EPO, or a combination thereof
203.The method of Claim I, wherein the MAT molecule is c-Myc, hMyc, n ye s- Myc, or a combination
thereof. 



The method of Claim 1. wherein the first vector further comprises the hormone-binding domain of the
human estrogen receptor. The method of Claimurther comprising induction of the Myc molecule to a
nucleus. 6. The method of Claim I, further comprising contacting the pluralitycells with: estradiol (E2),
4-hydroxytamoxifen (4-OHT), or both. 7. The method of Claim 1, wherein the first vector, the second
vector, or both the first vector and the second vector is Murine Stem Cell Virus (MSCV), or a derivative
$0thereof The method of Claim 1, wherein the first vector, the second vector, or both the first vector
and the second vector is MSCV- (IRES)-GFP, or a derivative thereof The method of Claim I, wherein
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). 10.A
method of producing a plurality of anueleated cells, comprising culturing conditionally immortalized
stem cells in the presence of at least one cytokine that directs differentiation toward an anucleated cell;
wherein theconditionally immortalized stern cells re generated by: 40a.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 exogenous comprising: Bc1-2, BCL-X, or a combinatio  



c.culturing the stem cells with FL-3, 1L-6, stem cell factor. thromhopoietin, F1t3 ligand, or a
combination thereof; and wherein the first peptide is removed from contact with the conditionally
immortalized stern cells before differentiation. II The method of Claim 10, wherein the first peptide
further comprises the hormone-binding domain of the human estrogen receptor. 12 The method of
Claim 10, wherein the first peptide, the second peptide, or both the first and second peptides comprise
a transporter sequence. 13 The method of Claim 10, wherein the first protein, the second protein, or
both the first and second proteins comprise a TAT sequence. 14 The method of Claim 10, further
comprising contacting the plurality of stem cells with: estradiol (E2), 4-hydroxytamoxifen (4-0FIT), or
both. 15 A thrombocyte prepared according to the method of Claim I. 16 A thrombocyte prepared
according to the method of Claim 10. 17 An erythrocyte prepared according to the method of Claim 1. I
K An erythrocyte prepared according to the method of Claim 10. 19. A method of treating a disorder
characterized by a deficiency of anucleated cells, comprising: administering an anucleated cell
prepared according to Claim I. 20. A method of treating a disorder characterized by a deficiency of
anucleated cells, comprising: administering an anucleated cell prepared according to Claim 10. 


