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 thasirasts diffierentiatisn vyt an anucleated aellrwbergio therducorgitionally
immortalized stem cells are generated by: (a) tremgfeatwsg 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 nUC|g8%§§T%g5§M&‘ICOdIng Bcl-2, Bcl-X, or a combination
thereof; and (gleeultaringythacstemccets withill nllii6;. stemstalifasitthrombaepoietini Fit3 ligand, or

a combination there epein the activity of ecule h ssed before
m%TCLPIB %nfcgwg (E%l f\d Y’ULL S25 ]l{)qu ;yrm QL 4me, ?{%L g?r}li? gﬁgg

differentiation. In some em Iments, the cytokine that directs diteréntiation to an anucleated cell
is IL-3, EPO, o Hekcmpimustethestry f§8¥ﬁé¢éﬁﬁb@§iﬁ1@l‘ﬁs, 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 hulbshiksROGEVx €deptdE. INSONE @8embodiments, the method

further compriggg,induing.ransiRGation. of ieMycmalecy!e 10,3 AHEIeHS 1R, SeME&mbodiments, the
method further comprises contacting the plurality of stem cell$ with: estradiol (E2), 4-hydroxytamoxifen

(4-OHT), or both HH*SRM& BBt %éﬁﬁ%&éﬁb%ﬁ@f%ré%ﬁw%%%s%?wfﬁfﬁbﬁﬁrst vector and
the second vectts.is Murine Stem Cell Virus (MSCV), or a derivative thereof. In some embodiments,
the first veetor, the second vector, or both the first vector and the second vector is MSCV-

SUMMARY OF THE INVENTION

106003]  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 feast one ¢ytokine that directs differentiation toward an anucleated cell; wherein the

20 conditionally immortalized stem cells are generated by (a) transfecting a plurality of stem
cells with a first vector comprising: a nucleic acid sequence encoding a2 MY C molecule: (b)
transfecting the stem cells with a second retroviral vector comprising a nucleic acid
sequence encoding Bel-2, Bel-X, or a combination thereof; and (¢} culturing the stem cells

with 1L-3, IL-6, stem cell factor, thrombopeietn, Fit3 Hgand. or a combination thereof: and

1
2

wherein the activity of the Myc molecule has been suppressed before differentiation. In
some embodiments, the cytokine that directs differentiation toward an apucleated cell is IL-
3, EPQ, or a combination thereof. In some embodiments, the MY C molecule is ¢-Mye, I-
Mye, n-Mye, s-Mye, or a combination thereof. In some embodiments, the first vector
further comprises the hormone-binding domain of the human estrogen receptor. In some
30 embodiments, the method further comprises inducing wanslocaton of the My¢ molecule 10
a nucleus. In some embodiments, the method further comprises contacting the plurality of
stern cells with: estradiol (E2), 4-hydroxyvtamoxifen (4-OHT). or both, In some
embodiments, the first vector, the second vector, or both the first vector and the second
veetor 1s Murine Stem Cell Virus (MSCV)), or a dertvative thereof In some embodiments,
35 the first vector, the second vector, or both the first vector and the second vector 1s MSCV-

{(IRES)-GFP, or a derivative thereof. In some embodiments, the first vector, the second



(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;
giwherein 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) coniagting, e stein cellz Wit %,Q & 89?0&%‘&‘ (yGEResizadssecond peptide comprising:
Bel-2, BCL-X, or a combination thereof; and (c) culturing the stem cells with IL-3. IL-6, stem cell factor,
thrombopoietif AT gandcisich isesiibihaiisnithéress dnt Wharein W& tirst peptide is removed from
contact with thesegnditionaly immeoratizedstem cells.beforendifferentiationsdn: same:embodiments, the
first pepiide fugther.comprises fhe hormone:binding domain, of e hyman esfroggn receptor. In some
embodiments, the first pep‘t’lﬁe, fhe's&con péptlae, or both the first and s&con peptides comprise a
transporter sefisesice ofriideriieoehsbbdintahtsdsefildtproteirntheygrlcorid ytetsihe Bk both the first and
second proteingcemprise /ifiddk Seakencai A semefmpedimenta.dhemethadifurther comprises
contacting the QIqr!atIitqui sten 1c;e,l.lg with: estradjol iEQ,A:Q Iroxytamoxifen _64};_0,17\/11@,, or both. [00051
Disclosed her8I- A cartai mbOdinerts 8 a e thad o FBTepamngr SR o srtidiEated cells,
comprising: (alptiapstdbtivieeas katedity ofigtem: ckllso(daginhdmsitopoibticy Bbam cells) will a first vector
comprising a RUEIRIG AQId.SGAYRNGE-ROLRHIRL. MY Canplecyle; (Rl ttansfeating the pldrality of stem
cells (p.a., hem topoieltic_lstemq ellg? V}_/ith%S c‘pn‘d\ I[%arpm‘aretroviral vector comprising a nucleic acid
sequence encolifg"BEICS BEIKS 81 LombinhtSirHar S () EIMURAG thet BUYSHE oF &tem cells (e.g.,
hematopoieticcstemeetts)hwitht] ka8 Whe6istemiice idaeators throndddpoiefiniatlt3tligand, or a
combination 30{hereal;id)-SUPRIESHNG e AGiMiR: afdbe MyrmalecHie: AndiaL cultErg. the

conditionally immortalized stem cells (e.g., hematopoietic stem cells) in the presence of at least one
cytokine that dif8ttS Biffereriation oward e anntidateq eaIn HssmaeriissamiEii e cytokine that
directs _differe mtiasti@mmommmh&nt&r_rusﬂeatédccéﬁ iedbn3ptB@:;, of ia;ﬁﬁh&biﬂaﬁ@m f.theneof In some
embodiments, (g MG alece. 5 GG sMYCrlt MY, 3G 01 aeombinafion fherecf in some

embodiments, the first vector further comprises the hormone-binding domain of the human estrogen
receptor. 1h soffe"eMbEaRERE Hie FRefdd RS ComSHERS iRadcH g WA AN the Myc
molecule to a ausleus:1n, semethembodinenis::theqmethod:furthes conprises.gontacting the plurality

of stem cells (g.g, emalopylelic,siem cells) with: estradiol (52), 4-hydroxytamoxifen (4-0E-11), or

both. In some embodiments, the first vector, the seconoi' vector, or both the first vector and the second

vector is Murin@SteRiCleliey fers MSEX i oPaPadivative therdor v semraing & plurality of

anucleated cells, corprising: {a) transfecting a plurality of stem cells (e.z., hemaropoietic

25 stem cells) with a first vector comprising s nucleic acid sequence encoding a MYC
molecuie; (b} transfecting the plurality of stem cells (e.g., hematopoietic stem cellsy with a
second gammaretroviral vector comprising a nucleic acid sequence encoding Bel-2, Bel-X,
or a combination thereof; (¢} culturing the plurality of stem cells (e.g., hematopoietic stem
cellsy with IL-3, [L-6, stem cell factor, thrombopoietin, FI3 ligand, or a combination

30 thereof; (d) suppressing the activity of the Mvce molecule; and {¢) culturing the conditionally
immortalized stem cells (e.g., hematopotetic stem cells) in the presence of at least one
cytokine that divects differenuation toward an anucleated cell. Tn some embodiments, the
cytokine that directs differentiation toward an anucleated cell 18 1L-3, EPO, or a
combination thereof, In some embodiments, the MYC molecule 1s ¢-Mye, FMyve, n-Mye, s-

35 Mye, ar 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 nueleus. In some



embodiments, the first vector, the second vector, or both the first vector and the second Ovector 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
(i) an exogenously synthesized second peptide comprisin% Bcl-2, BCL-X, or a combination thereof,

(b) culturing THEpIRENTy 'Bf StefvE B EE YrHEHATPHiEne Baiebisy Wists, {126, stem cell factor,
thrombopoietinpd§3-ligand-oredscondbinatidivthiereof (¢yaemening:the-fisst 2 L1 peptide; and (d)

culturing the.andienlh mmerialized,siem cels e g NSmaigneimic stem gef)in the presence of a
least one cytokine that directs differentiation towards an anucleated cell. Tn’sdme embodiments, the
first peptide FGTHRErETRPTEE TR e FEMInaIBinding Yoriaidcor theciberah Estrsigen receptor In some
embodiments;itheifitsstpeptide, thecsesond prptider or both theifiist-and seepndpgptides comprise a
transporter sequ ri‘ﬁ@lSW?ﬁ?éE? bgrdail@(%%sﬁvteht% Jffs q.trlogtein, the second protein, or both the first

18 . . 20l 1h some, em c‘)‘lm%ﬁis, ¢ hirst .
and second proteins comprise a sequence. In some embodiments, the’method further comprises

contacting tHEPHirdiftyeerstapmieels felythhbriarspoistitistepicd isrwith:eStHdIORED), 4-
hydroxytamaxifen: {4-QFi ) c ahRath. wood0087 d-Riselasesbenein [p, cestain smhodinents, is a
I P A 10 & O O e X Sia9dl herein, in certain
embodimentS. 18 an Srythrocyte hrapared Seeordiig to e Msthsa a6 54 ARRSTH 60091 Disclosed
herein, in certaiticeivibodintentdidyaonethod of tedlatingepdisarder characteripbdaby afeficiency of
anucleated cells compEsingiagminisiering.an anuciealed3acelprepared 26¢0tding 1e.a method
O T O e i e 5 B SR 5i%s SRR anemia, pernicious
anemia, iron"dBfiCiENcy dnemia. SitkiE Eefim s and (1) & Y
synthesized second peptide comprising: Bel-2, BCL-X. or a combination thercof: (b}
cuituring the plurabty of stem cells {e.g., hematopoietic stem cellsy with 1L-3, IL-6, stem
cell factor, thrombopoietin, Flt3 Hgand, or a combination thereof: (¢) removing the first
20 peptide; and (d) cuituring the conditionally immortalized stem cells (e.g., hematopoietic
stem cells) in the presence of at least one cytokine that directs differentiation towards an
anucieated 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 bath the first and second peptides comprise a transporter sequence. In
25 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 (e.g., hematopoietic stem cells) with: estradiol (E2), 4-
hydroxytamoxifen (4-OHT), or both.
10007 Disclosed herein, in certain embodiments, is a thrombocyte prepared according to a
3¢ method disclosed herein.
(0008}  Disclosed herein, in certain embodiments, is an ervthrocyte prepared according to a
method disclosed herein.
[0069] Disclosed herein, in certain embodiments, is a method of treating a disorder
characterized by a deficiency of anucleated cells, comprising: administering an anucleated
35 cell prepared according to a method disclosed herein. In some embodiments, the disorder is
an anemia (c.g., aplastic anemia, pernicious anemia, iron deficiency anemia, sickle cell

anemia, spherocytosis, hemolytic anemia), Gaucher’s discase. hemolysis, neutropenia,



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- admlnlstereg chgemoth%rag) BRIEF DESCFl\’I!D VQF THE @RAWIN%S ]Q% 101 The novel
features of the INVERtION Are et 18 HCW%P]C%‘% ietitarity in'th i APPSR TEM A fer
understanding lofithefeature’s dind advantagestof tHespregentinveriiore wilkbe obtaimed by reference to
the following dgfgiled descsntion, that sefs.forpiliustiative.embadimentsyimwhich ghe principles of the

invention are utlllzed and the accomp anylngf rawings of which: 100111 Figure | illustrates an

approach for g& ’ﬁﬁﬁéHCé‘r‘%%ﬂPh%%Mﬁ& gt Eé‘ﬂ“%ﬁ?gﬁ?éﬂm@%wgcéi&ﬁ%}fﬁ‘ﬁﬁb
representationrefrsetrovivelt constructstused totirangducerphimannmurinedHS G callsanith Aty c-ER and
Bcl-2. Figyre |} shaws; EQQT%@@@LML%@&QE HR5S @Mmﬁ%ﬁ R W‘Bf%@ﬁéﬁf@a%ﬁ@oﬂ%”ors

following the transduction. Figure IC shows kinetics of leukemogenesis in mice transplanted with the
transduced EISBROERINE 1 EHE\HE ATSRAMERY G tid Hamarsbestr s canstsi after
recovery from thiehbbareorhamgw of leukemic mice. Figure |IE 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, unmanipulategipgmaiepoiriesienGeHs fropkibae bone marrow of C57/BL6 mice.
100121 Figure 2 illustrates Analysis oé lonality. of ctlt h topopietic stem cell lines by 30PCR
amplification of rett os\illirlalnﬁga? oxr"fs“i gfé’ivﬁldﬂnré” L?gn r%teES)R Sk fate ci%ﬁ%ﬁ%é bf1 W%?S?g immune cells
that rise fcbﬂowﬂ?ﬁ%tﬁan%yblawtamvdﬁminﬁimméMHtﬁ‘pm@ﬂ@rs&emcmeﬂs.s Figwerdsfnishewstheudncy of cells

derived from ctlt- b&mﬁé@ppi@ﬂ%t&% ol inmrheigkissues alten apsRIAMAtRR.Kigure 3B shows

detection of GFP nye eloid lineage cells in the b?ne marrow. Figure 3C shows
embodiments, 1n which the principles of the invention are utihzed, and the accompanying

drawings of which:

o1y Figure | illustrates an approach for generation of 4 ctit-hematopoictic stem ¢el line.

P2

Figure 1A shows a schematic representation of retroviral construets used to fransduce
primary murine HSC cells with Myc-ER and Bel-2. Figure 1B shows FACS analyses of
HSCs obtained from 5-fluorouracil treated donors following the transduction. Figure 1C
shows kinetics of leukemogenesis in mice transplanted with the transduced HSCs. Figure
1D shows FACS apaiysis of g ctit-hematopoietic stem cell scon after recovery from the
25 bone marrow of leukemic mice. Figure 1E shows FACS analysis of a ¢tit-hematopoictic
stemn cell line that has been established. Figure 1T shows FACS analysis of stem cell marker
in normal, unmanipulated hematopoietic stem cells fram the bone marrow of C57/BLE
mice.
{0612] Figure 2 illustrates Analysis of clonality of ctt-hematopoietic stem cell lines by
3¢ PCR amplification of retroviral msertions,
[0613] Figure 3 iflustrates characteristics of mature immune cells that arise following
transplantation of ctlt-hematopoietic stem cells. Figure 3A shows the frequency of cells
derived from ctit-hematopoietic stem cells in tymphoid tissues after transplantation. Figure
3B shows detection of GFP+ myelod lingage cells in the bone mamrow. Figure 3C shows
35 analysis of peripheral, mature vmphocytes in the spleen. Figure 3D shows analysis of
peripheral, mature lymphocytes i transplant recipient mice following the sccond serial

passage of etlt-hematopoietic stem cells.

A



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-hnematopoietie
sterncells into Ter-1 | 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 4c.illt-hema¥_o‘§2i.etic stem P‘ellsgq%l&é{i ure 8 iILu trates a view of the
reconstitution BF EythFEs fed THioE SHer TRIN I ARSI by RS piant SF GHRERIAEboietic stem
cells. ISDETAHRED®ESCRIPTION OF THE INVENTION 100191 Disclosed herein are methods for
preparing a plyrality ef.aRucigated.callssieseauliing anucisatsd celis.and- methoss fofstoring and
using such anucleated cells. In particular, such anucleated cells are produced ex vivo from stem cells
that are either HBHHHEE SHItr 4P BrOpRAtS g k&€ and/or proteins (collectively, an engineered stern cell).
Such engineeradesteinoelisihreraucledtedostém eelis;andhfuf thehare teonditiondilly linmiortalized. Such
engineereg, nycleated §§et%§ﬁ|z!ﬁr%?%Yﬁdﬁei%%ﬁlﬁ@t‘i@gt&ﬁ'@iﬁy causing the cells to lose the conditional

immortalization and differentiate as appropriate. 100201 Disclosed herein, in certain embodiments, is a
method of pref¥&Hg aspieraiity Giahtitiexid e arecediiaiRg ¥Ry ConttdkaliMthmortalized
stein cells in thespresengerofaldeastcaneeaytokingithaimiratts differentiation toward an anucleated cell;
wherein the copdiiopally. immontalized sterh gells are.generated, cﬁﬁcﬁ?&t!ﬂa&%f)ebﬁ{'@%ﬁnﬁ'“ra“ty of stem
cells with a first vector.comprising: a nucleic acid sequence enco ing a MYC molecule: (b) transfecting
the stern cells {i#thea SO relrovit A1 BB BwirtTiEey clhucleic acid sequence encoding Bel-2,
Bcl1-X, or a combination thereof; and (c) culturing the stem cells with 1L-3, ruo, stem cell factor,
thrombopuitetin, F1t3 ligand, &d sdaidmaidbnRABTEOFN And THHe iV M Ehd Hotivity of the Myc molecule

has been suppgessed;heforediferentiationdn,sgmeemRodimentss the cyiakingthat directs
differentiation toward an anucleated cell is 11 - 3, FPO, or a combination thereof in some

embodiments, R EAEHBIEA SR s MR ITYET HRTE S MRE 818 TUBIHE TS thereof in some
embodiments ptirectirst vedten8bturthetlcemprisescthe horrone-binditg demain®tthe human estrogen
receptor. In sqmg;emRadimenis.the.method Jurhescomprsesindycing ranslogation, of the Myc
molecule to a nucleus. In some embodiments, the method further comprises contacting the plurality of
20 Such engincered stem cells are nucleated stem cells, and further are conditionally
immortalized. Such engneered, nucieated stem cells provide anucleated cells by causing the
cells to lose the conditional immortalization and differentiate us appropriate.
{06207 Disclosed herein, v cortain embodiments, 1 a method of preparing a plurality of
anucleated cells comprising: culturing conditionally immortalized stern cells in the presence
25 of at least one cytokine that direets differentiation toward an anucicated cell; whercin 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; (b}
transfecting the stem cells with a second retroviral vector comprising a nucleic acid
sequence encoding Bel-2, Bel-X, or a combination thereof] and (¢) culturing the stem celis
30 with IL-3, IL-6, stem cell factor, thrombopotetin, 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 MY C molecule is c-Myce, 1-

Myve, n-Myc, s-Mye, or a combination thercof. In some embodiments, the first vector

et
L

further comprises the hormone-binding domain of the human estrogen receptor. In some
embodiments, the method further comprises inducing wansiocation of the Myc molecule to

a nuclens. In some embodiments, the method further comprises contacting the pharality of

-5.



stem cells witradio' (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 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 Ovector, 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 condiionall improrializefl siem eels, e presengeof af gt one, ytokine that directs
differentiation toward an anucleated ¢ Il; wherein the conditiona ly immortalized stein cells are
generated by:ayconeatt Hg Splurality Gf sterndcalisolvieh i éxoiehousty syrtisesized first peptide
comprising: a MY& molgsuathat iansiecaies 10 a Nuglgusi(bheratagting-the stem,ealls with an

exogenously synthesized second peptide compriging: Bc1-2, BC4-X, or g combination thereof; and (c)
Cutiring the S S A T St CE (RCtur S B FORR 61 3 20c0mbination
thereof; and wihekeir(th firstjsepiide isarentovedrirom eimmotswith fie conditionalyidnmortalized stem
cells before differsntiation.dr sRMeshdiments dhe.finst Reptide fuEkeEepmMplisasthe
hormone-binding domain of the human estrogen receptor. In some embodiments, the first peptide, the
second peptide gF BB tRECAPSE SR SecBnd BebtiadsLbprie s tHahdtorter sequence. In some
embodiments ju#re] firSi piotainethie. secondnprobeihmonthoth: thalfirst Gyrddsengrch preteing comprise a

TAT sequencg, |;somesmbadiments, the method iyrther, comprises.contagtingthe plurality of stem

cells with: estradiol (E2 ), 4-hydroxytamoxifen (4-OHT), or both. 100221 Disclosed herein, in certain
embodiments PSR Rt BT SreSaMRKG DT Gt YGRS SN deormpidingdsiecting a plurality of
stem qellsi(e.gvhhe‘mat@pmatﬁoxﬁﬂ)gtem@@lk@)emthnacﬁ.rstavegmmmmwisiﬂg@rmjﬁigi& qcit_j sequence
encoding a M melepyls;, () rapstaciing ihe AuA oL 5em cells (€. gy, Rematopqigtic stem cells)

el

with a second cammaretroviral vector com rlsm% a nucleic acid sequence encoding Bc1-2, Bcl-X, or a
combination tHEHEBF(EY CiAtalRYhE i‘)l‘mciﬁwiélf GBI e T FeinBtBvistieste ells) with IL-3,
IL-6, stem celkfacter;thrembopeiatin: i3 ligandcior, acombinatiemShtherapf; () suppressing the

activty of the Mye, oleevle: and (e)cuituring the condionally mmortalized, s cells (e 0.

hematopoietic stem ¢ells) in the presence of at least one cyiokine that directs differentiation toward an

anucleatétl cefP T @it Bsdditdentdethd ccirokiriaidpat direced differontiativiitdWard an anucleated
cell is IL-3, ERGh@¢ sambinationithereet it some embediments, the:MYGiralasule ds-a:Myc, I-Myc, n-i

Myc, or a combina}ion ereof In some, embodiments, the firs \ﬁeqtor further comgrises the
peptice further comprises the hormond-tinding ‘domain of the Auman estrogen receplor. in

some embodiments, the first peptide, the second peptide, or both the first and second
peptides comprise a transporter sequence. in some emmbodiments, the first protein, the

25 second protein, or both the first and second proteins comprise a TAT sequence. In some
embodiments, the methed further comprises contactng the plurality of stem cells with:
estradiol (E2}, 4-hvdroxytamoxifen {4-OHTY, or both.
10622]  Disclosed herein, in certain embodiments, s a2 method of preparing a plurality of
anucleated cells, comprising: (a) transfecting a plurality of stem cells {e.g., hematopoictic

3¢ stern cells) with a first vector comprising a nucleic acid sequence encoding a MYC
molecule: {b) transfecting the plurakity of stem cells (e.g., hematopoietic stem cells) with a
second gammaretroviral vector comprising a nucleic acid sequence encoding Bel-2, Bei-X,
or a combination thereof: (¢} culturing the phurality of stem cells {e.g., hematopotetic stem
cells)y with IL-3, 1L-6, stem cell factor, thrombopoietin, Fh3 Heand, or a combination

35 thereof; {d)} suppressing the activity of the Myc molecule; and (¢) culturing the conditionally
immortalized stem cells {e.g., hemuatopoietic stem cells) in the presence of at least one

cytokine that directs differentiation toward an anucleated cell. In some embodiments, 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-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 (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, secongveatarsQL-RMNG {irst VRN and ihs.seeendvectords NASCV- (IRES)- GEP, and
further comprises woodchuck hepatitis B virus RNA regulatory elementa%NIdZ\Eg, (0023] Disclosed
articleat

herein, in certSITEIHGAIRTERHS, 15" 4 ThEMSE SEprodifcihyg aptiiaity ot ad'cdls (&.9.,
hematopoietipm;e_mmedlsimmmmiaha@ﬁ(a) mamgha@wam%@f %Iﬂzstmseﬁlk&rﬁ&is hematopoietic
stem cole) v L A0ExRacaausly SYRlhesiged sl peRids compising: g My melecule it

translocates to a nucleus; and (i) an exogenously Synthesized second peptide comprising: Bcf-2,
HCL-X, or a cHifiBiNatiBheiferadr ©Mieema st ptrity dhstamicalisite guckembtopsietic stem
cells) withdL-ZnlboGinsiem welhtacioruthirombapaietionk3tadigand,-ana gamkisatian ghereof; (c)
removing the first peptide; and (d) culturing the, conditionally immortalize m cells (e.g.,
hematopoietic%;'g,ﬁz:-rﬁJ c%ﬁés ?ﬂct %gqpl%r)(evsvéﬁb%% flﬁi I%% ’t%)ﬁ Cgc%t% ne't 'Cgt%%?ige%s’alrf é)ﬁg'rﬁt?ation towards
an anucleated'#&h cHbsgrmenenibobimesrertis fietgepstve futbérkofprisesthed fitrmone-binding

domain of the hnan-estragen recepior: dnspmeverohadimenis. the fikst-peptidgnthe second peptide,

or both the first and.secon e}ptides_ comprise ; transpoge ﬁe ence, In 3&) ome embodiments, the
. . I oclmeats. the first vecior, second vector, or noth the lirst vector and the \Qfﬁ
first protein, the second protein, or both the first and second proteins comprise a sequence. In

some embBodintshitss tHe MetiBdJurhBr comprises contadtihy:the phoradityofsteeaiicells (e.g.,
hematopoietic,stem el witheastradiphiBR)ndA: vaoxdamoxiian (4=QFiDvmarRotik 49241 Disclosed

herein, in certain emhodiments, is a thrombocyte prepared according to a method disclosed herein.
_ nemr z ri ¢
100251 Discloded Aer

6, h CRPAIF S SEHIERE 18 R ERROCYtE PR e BT OG0 a method
disclosed herein23ic[0D26d:Bisclosed hatsingibobrians enbodiméentyrisha methddbftreating a disorder
anucleated cells {e.g.. hematopoietic stem cells), comprising: (a) contacting a plurality of
20 stem cells (e.g., hematopoietic stem cells) with: (i) an exogenously synthesized first peptide
comprising: a MY C molecule that translocates to a nuclens; and (i} an exogenously
synthesized second peptide comprising: Bel-2, BCL-X, or a combination thereof; {Ib)
culturing the plurality of stem cells {e.g., hematopoietic stern cellsy with HL-3, 1L-6, stem
cell factor, thrombopoietin, FIt3 ligand, or a combination thereof; (¢) removing the first
25 peptide; and (d) culauring the conditionally immortahzed stem cells (e.g., hematopoictic
stemn 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
30 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 {(e.g., hematopoictic stem cells) with: estradiol (E2Y, 4-
hydroxvtamoxifen (4-OHT), or both.
[06424] Disclosed herein, in certain embodiments, i a thrombocyte prepared according to a

method disclosed herem.

(%]
A4

{e625] Daisclosed herein, in certain embodiments, is an ervthrocvte prepared according to 2

method disclosed herein.
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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 1S100281 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 instgapiedisalosure. A2 As.usedinithis sPraification,and.ine aprended claims, the

singular'an”, and "the" include plural references unless the context clearly dictates otherwise. Thus, for
example, refer@’r‘i&f&“f@“‘é%&df&ﬂ?‘é‘&?éi'“{rfé’lﬁdﬁeﬂé‘“gﬁ@ BronTBREsHic R AEHE 2 AU AR IEHIbsitions of the
type described:tiepeimwinichonilhpecomerapparent:tosthase persons skilled in the art upon reading this

Checlosure andgerfoni ARY felerence . iafcereln s VEnAed 19 SeRTRAsa ATRIQF uness

otherwise stated. [00301 As used herein, “stem ce emato 0|et|c efers to the
term as it genéiEmFIRdErsEodInHe %?f“ﬁtﬁ?“@%aﬁ’lmédfgté?f?@éﬁg‘ (@0@0%%@65@1&@ stem cells),
regardlessiof tﬂﬂeiﬁls@uifaauﬂﬁete@ﬂalthatm@apable of dividing and renewing themselves for long
periods, are unspemalqgg (ﬁnq;ff rentiated) 05865S, i the ability to give r (differentiate into)

HIS AN I OT ’hzc, sICHT CC
specialized cell types (i.e., they a e progenitor or precursor ceIIs variety of different, specialized cell

types). In certain instantedHerEg déestieans ‘Gfﬁﬁ‘%ﬂfﬁtﬁiﬂ@é%ét@ﬁ%lél!@}“@@%b‘rﬁ)’e‘@]ﬁ@?éln refer to
long term stem cells (e.g., Rgmatopoietic stem cells). 100311 "Long-term”, when used in connection

with stem cells-(e.qg.,t |et|c stem cells), refers to the ability of stem cells (e.g., hematopoietic stem
L ar ORAIG

cells) to rene ydi ividing into the same non-specialized cell type over long periods (e.g.,
month, 2 ! {00281 Any methods and materials similar or equivalent to those described herein that is

used in the practice of or testing of the embodiments described herem are considered to be a

part of the instant disclosure.

[00291  As used in this specification and the appended claims, the singular forms “a”, “an™
and “the” inciude plural references unless the context clearly dictates otherwise. Thus, for

2 example, references 10 “a nucleic acid™ ineludes onc or more nucleic acids, and/or
compositions of the type desceribed herein which will become apparent 1o those persons
skilted in the art upon reading this disclosure and so forth. Anv reference to "or" herein is
mtended to encompass "and/or” unless otherwise stated,
[0630]  As used herein, "stem cells (e.g., hematopoietic stem cells ) refers o the term as it is

25 generally understood in the art. For example, stem cells {e.g., hematopoietic stern celisy,
regardless of their source, are cells that arc capable of dividing and renewing themselves for
long periods, are unspecialized (undifferentiated), and possess the ability to give rise to
{differentiate into) specialized cell types (i.¢.. they are progenitor or precursor ceils for a
vartety of different, specialized cell types). Tn certain instances herein, "stem cells (e.g.,

3¢ hematopoietic stem celisy” described herein refer to long term stem cells (2.,
hematopoietic stem celis),
[0031] "Long-term”, when used in connection with stem cells (e.g., hematopoietic stem
cells), refers to the ability of stemn ¢ells (¢.g., hematopoietic stem cells) to renew themselves
by dividing into the same non-specialized cell type over long pertods (e.g., | month, 2

35 months, 3 months, 4 months, 6 months, & months, 9 months, 12 menths, 2 years, 3 vears)
depending on the speaific type of stem cell. In certain instances, stem cells (e.g.,

hematopoietic stem celis) are identified by the presence of the foliowing cell surface
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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: ¢, 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-I119, and/or Or-I. [0032] An "immortalizing agent" as used herein refers to
an agent that {pduces, Ripmetes, epanableseall viability, cell-survival. andiRt.call Rrgliferation. An

"immortalizing agent" refers to any suitable agent that induces, promotes, or enables cell viability, cell
survival, and/&ngéiFﬁr&rﬁ@f&ﬁei&ﬁﬁ?ﬁﬁﬁé%fﬁlﬂ%ﬁ&b}%&é%é‘y&?%@?ﬁ%&@é&%ﬁBaﬂma@that induce cell
viability, cell sunvival; abd/dr @EB%ﬁf’i”ﬁlitek&t‘fbh,maffohﬁ& brganieanthinorganicimelesutes, isincluding
DNA, RNA, polypeptes. saronyiales. pids.and emalk arganie.nolaqules, 499331 conditionally

activated agent that induces mmortah? refers to an agent that induces cell via ﬁfty] cell survival,
and/or cell protifetatiBi, Whbsefundtibh Batdeed 'Sk #istéd-as necessary. For example, in the case
of polypeptidegponditionahactivationeacursiy astiveiiig: & gn RXpressiatudsanseription, or

ranslation of 3,956 £1RAINg (hec2f RARERIR, I per cases: e funetian af.a,copditionaly
activated polypeptide is induced by adding a ligand to a receptor on the polypeptide, e.g., exposing a
polypeptide cAPpHi&HEER e 838 PR FoIyHEpPtige eomprisisg ORME! mdpristdre. [00341 The
term "onco-peptidg’ -angdriancopotein are wilizedsintenchangeabnhewin andixefer teip polymer of
amino acid residues, fragments, or analogs thereof that are encoded by oncogenes o

vmgx‘]:]";r%}, calg ?ﬂ g > ¥ #

ciP survival, andsor cefl proliferanion. Such as organic 4 OToan m{ﬁccu S
proto-oncogenes. It certain instances, on o-pepflldes induce caltvia |I|1fy,tbe Suirvival and/or cell

proliferation. Thdudeschption bf\cerfainmitbodifentd ferdinds diborad toztoscoopeptides”. It is to be

understood thahis; same.embedinents.such-tisclosuresinchde . disglosureofthedise of any
polypeptide that induc f s_t&m cell viabili%, survival andlf proliferation. 30100351 "An inhibitor of an

endogenous aRtAGoMiSt OF AR FnROFANLiNg AGEh e g‘i‘b‘“éoﬁ}‘ai“é]éoﬁf {HAT IR GIBLERN Tmortality by
reducing, decreasingorggreventing thenattivityhccorcehbration! drsexpréssiehaofiami@ndogenous agent

that antagonizgs, g0dMMAKaizing agent. for exanpig. CoraiR.endagengus. tanseripsien repressors
suppress expression of polypeptides that function to induce cell viability, cell survival, and/or cell

proliferation. A BBt kaiSie tsthE MR TRt 6¢HPAHSEIH AW écﬂr%‘§§8?§fi(¥.g“.}‘1\ql‘ﬁﬁil, which
antagonize théMydifamily-of oancogemesod ragoamdntiibitos. of @osendogéneusdransoription repressor,
e.9.. MAD-I, funcliongfodndurs. sellRreventng theactivitys ganegntration,ley
#0347 The term "onco-peptide” and "oncoprotein” are etilized interchangeably herein and
refer to a polymer of amino acid residucs, fragments or analogs thereof that are encoded by
23 oncogenes or proto-oncogenes, ncemtain mstances, onco-peptides induce cell viability, cell
survival and/or cell proliferation. The description of certain embodiments herein is divected
to "onco-peptides”. It is to be understood that in some embodiments, such disclosures
include a disciosure of the use of any polypeptide that induces stem cell viability, survival
and/or proliferation.
3¢ (0033} “An inhibitor of an endegenous antagonist of an immortalizing agent” refers 1o an
agent that induces cell immortality by reducing, decreasing, or preventing the activity,
concentration, or cxpression of an endogenous agent that antagonizes an immortalizing
agent. For example, certain endogenous transcription repressors suppress expression of
polvpeptides that function 0 induce cell viability, cell survival, and/or cell proliferation. A
35 specific exampie is the MAD family of transcription repressors, e.¢., MAD-1, which

antagonize the Myc family of oncogenes. Thus, an inhibitor of an endogenous transcription



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.,
pl6, 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

|Simmortality hs{nr@etucmg, Kegreasings o %Qz\/sﬁnﬂ@Qﬂthﬁn@ﬁik\fiiiyb@@ﬂﬁﬁﬂﬂa&%a%z19\6@ of
polypeptides, e 5.8 Mofgenous pol}ggeptldes th}aw ro- amptotlc “Inhibitors of proapoptotic

" ¢ aehivity, conCenirailon, or & tra n reprua()r
polypeptides reduce decredse; or preven the activit y, Concentt level of pro-apoptotic

polypeptides ki zny! swnfﬂ@bI@n}meiarnsmmmdmglwhhmengzeezxpte:s&@mw&ﬁsmrmumhor translation of the

polypeptides, %p@”&%@){l%@n%{a&mﬁa@%@ﬁ%Q%L%t%n%@bﬁ’hﬁlﬁ&'@g Io Eh@ B@d}ygept@l%s denaturing
the polypeptlde ({)ccupylng the active site of the po yloeptl es, or ocklng interaction of the

polypeptides Witfr tHesF YA G STEA BTSSR CBPAIR A DoAY 1R 51068 aRKI8 ues or fragments
of polypeptidels:that ifithucénimmortalityidescribyedhdnein ineludd@pnaminoageidkseluence that is at

least 40% to %QMN)?@&@%H%Q&}%JQ%Fé) %0th%‘?ré?}uggo/(ﬂ’cé%{oeﬁgr(yﬂm@éﬁﬁ]?cod@rw?ér% 80%, 85%,
86%, 87%, 88%, 90%, 91%, 92% 96%, 97%, 98%, or any other percent from about 40%

to about 1oo%‘iaféﬁfféal”fo%Vﬁbwﬂécp‘ﬁ’&lé“tﬁalﬁ‘m%&é@?h‘iﬁ‘i‘BPf&f ity “[b‘@fé@ft’ AY USEPHERSN, the terms
"Myc", "cMyc"¢dMyfatpratedtiand "Myc polypeptld are used interchangeably and refers in certain

instances to the, NCBJ, Ageesgian, Number IN? QR8- 2o [g%” {ionakhomglogs, analogs or fragments

thereof In some embodlments 3usynonyms of yc include, but are not limited to c-Myc, v-Myc, Myc
proto-oncogerBBrEreT Bt FREHBEYHSGEHTABLST HEXNS Sh & EHBoBHAERERI BMYy IO beptide

comprises an Mﬁ@fﬁﬁd csgq tieReenthatisallerst, Wmﬁ@pl@@%ﬁdﬁatrqakﬂatgx 5 aft;lﬁast 40%,
45%,50%, 55%, 610%33 Oy Zg%,mg %O% 85%, 86% 7% 0,,90%, 91%, 9 /oﬂ }Q% 95%,

Uase; O /ent CHY, trit
96%, 97%, 98%} ora o{hgr percent “from a B‘u%h%gott%a (fJLutﬁlI m gﬁﬁégltgrtLéLsequence of

NCBI Access@‘r@ﬂﬁﬁﬁb@?@%@@ﬂﬂtﬁséw"Dh*ﬁﬁfﬁ@ 3 Tote g < i ‘&‘W@@é%p%e comprises a
polypeptide seguenseof doamineacitsos mprsidength-taatdsiat least pOKptelIB0%ddentical, e.g.,

at least 59)% ' g? %21’1 119?/1(5 %Oéod ypq(;{tdess %anat%%w t?c polvpeptides, occupying the active site of the
polypeptides, or blocking interaction of the polypeptides with their targets.
[0038] In certain embodiments, homologues, amalogues or fragments of polypeptides that
induce immortality deseribed herein include an amino acid sequence that is at least 40% to
100% tdentical, e.g., at least 40%, 45%. 50%, 55%, 60%, 65%, 70%, 73%, B0%, £53%, 86%,

25 BT%, BE%, B0, G1%, 92%, 94%, 955, 96%., 7%, 98%, or any other percent from about
4054 to about 100% identical 1o the polvpeptide that induces immortality,

10039]  As used hercin, the terms "Myc", "cMyc", "Myc protein” and "Mye polypeptide” are
used interchangeably and refers in certain instances to the NCBI Accession Number
NPOOZ458.2, functional homologs, analogs or fragments thereof, In some embodiments,

30 synanyms of Mye include, but are not limited to e-Mye, v-Myc, Mye proto-oncogene
proten & Transcription factor p&d. In some embodiments, a My¢ polypeptide comprises an
amino acid sequence that is at least 40% to 100% identical, e.g., at least 4094, 45%. 30%
55%, 60%, 65%, T0%, 75%, B0%, 85%, 86%, 7%, 88%, 90%, 91%, 92%, 94%, 95%,

6%, 97%, 9894, or any other percent from about 40% to aboui 100% identical 1o the

35 sequence of NUBI Accession Numbers NPOO2458.2. 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% wdentical. e.g., at least 50%, 55%, 60%. 65%, T0%, 75%, 80%, 85%,
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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:7Bl Accession Numbers NP002458.2 wherein the
Myc polypeptide induces cell viability, cell immortality, cell growth and/or cell proliferation. 100401 To

determinesthe spercent, hemology, of hweraiming, acid, seguenees of. of we bueleicasids:the sequences

is aligned for %.BE!&?%tﬁ‘%@“ﬁ%@?%&%‘%&?&?&?cgea%-g a i?(:gl;;e“{ ?&‘ﬁ){d &%%%‘%E‘H?b%%q“.ence of afirst
amino acid or nucleic acid sequence for optimal alignment with a second amino acid or nucleic acid

sequence). THE aP3ine acielsrestdudy dmatieledtidescatreprdesponding aminpcpieid pasitions or

hucleotide po%i%m%%J&l@mbﬁ?&@f}gnaﬁgﬂ-d{é{xh@@? R ROSHQRINGHE f&@&@ﬁgggng@z&a@@@wied bxr/] the

same amino agigd residug or nuclegfide as the corresponding position, In the second sequence, then
e e e A A e e

the molecules aré idefitical at that “20 position’ erc y betwee ' tiwo sequences is a
function of the’htiniber. Gf tdenticalogositionsshared by fiiéssequendes’{iidepiizlidentity - 4 of identical

positions/total 4.Qf RASIHRPS (. QVETARRIRG RP6IHABRS) X, 100) IR.SeRe aMmbadimeRsihe two
sequences are the same length. [90411 To determine percent homology between two sequences, the

t , [ , '
algorithm of KR AHHOAIESEATITIGED) BT & M AL S B e &R S 2264-2268, modified as in Karlin
and Altschul (k998) PsaicidNaitic AcqdrSathdiSh 9005873587 VaisdusqakrBSuch atvalgarithin is

incorporated inteythe NBI-AST. ang: XBI-AST, rograms.af Allschul.eL 2l- £1990)1 Mof Rigt,215:403-410.

BLAST nucleotide searches is performed with the NBLAST program, Sscore=100, wordlength-12 to
obtain nucleotitfe’ SEHTENEESTIRY HBIBY S thraTRieRsE st atmivieeimed duseBey i Yisclose herein.
BLAST proteincseafchisoiscppsfoiried withstheeXB L ARTapriogram rscare=bauswendlength-3. To obtain

gapped align ts forcomparise rpases, Garped BLIAST Is Ufili 8s,de: r gﬂigAItschuletal.
(1997) NucIeirg%?ci%’éql%g§%5%§3%g1-%§6922ﬁwgﬁe%n%%ﬁti%%\gI%@ES‘IA%LA%Légagpg%l(? B%EAQ'? programs, the

default paramBt&isbirHe [EEpEEHRe biogiamsd@yghexpragma s NBIRS T HidegEe2See the
35website of the NatignaliGepteritoriBintectnalegydnformatian fendunherdatailisfan ¢he World Wide

Web at n%pi.nlm\.n.igﬂgpglc). Prot 'hns syitat?Ie fornuz%e in the methods ge%%%?%%g'eeégi also includes

. = . POSILT Cree OMOSY DeTWeD € {W0 SCQUEnces 18 & s )
proteins havm% between | to 15 amno-acid ¢ Lang"es, es.gCi, T, C2C é 4, % ) 1 , 12, 13, 14, or

15 amino acid & StHOtTHEI G SRS TererIgIISRE, ¢ - % identity = # of identical positions/total #
of positions {e.g., overlapping positions) x 1003, Tn some embodiments the two sequences
are the same length.

o41] To determine percent homology between two sequences, the algorithm of Karlin and

25 Altschul {1990) Proc, Nail, Acad. Sci USA 87:2264-2268, modified as in Karlin and
Altschul (1993) Proc. Nail. Acad. Sci. USA 90:5873-3877 1s used. Such an algorithm is
incorporated into the NBLAST and XBLAST programs of Altschul, et al. (1990 J. Mol
Biol 215:403-410. BLAST nucleotide searches is performed with the NBLAST program,
score= 100, wordlength=12 to obtain nucleotide sequences homologous to & nucieic acid

30 molecules described or disclose herein, BLAST protein searches is performed with the
XBLAST program, score=30, wordlength=3, To obtain gapped alignments for comparison
purposes, Gapped BLAST is utthized as deseribed in Altschul et al. {1997y Nucleic Acidys
Res. 25:3389-3402. When utihizing BLAST and Gapped BLAST programs, the default
parameters of the respective programs (¢.g., XBLAST and NBLAST) are used. See the

35 website of the Naticnal Center for Biotechnology Information for further details (on the
World Wide Web at ncbi.nlm.nilgov). Proteins suttable for use in the methods described

herein also mcludes proteins having between 1 to 15 amino acid changes, e.g., 1, 2, 3, 4, 5,

il



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.
lllustrative conservative substitution among amino acids are within each of the following groups: (1)

glycine, alaning, valige;deyicine, angsisplencing, (2)RhenvlalapingidYIRsine, Rngd ftyptophan, is(3)

serine and threonine, d(4) aspartate and giutamate, (5) glutamine and asparagine, and (6) lysine,
arginine and hiSHAIHES THEBEEIS Ui s TABIE 1§ AW ARG AechSehaiRition irix derived from about
2,000 local mLutrmmaxhegmmszef:@mtem&eqmm@esegmmt%t’emeﬂe;ﬁtm@; highly &€efiserved regions
of more than 509.91aups. of alateg praieins, tlenlkeft,el al, (392 Rt Y HAGHNPLL HSA
89:10915-10919). The BLOSUM®62 20substitution frequencies are used to define conservative amino
acid substitutiGFE'faE, ThrEbME e BOdiHEME XA Kt TREl SHttr the SMRbPELINs éuences described
or disclosed heteiniAlthoughtil dgsprssiblel tedrsigvaminoagicrsubsiiiviionsdased salely upon
chemical properiies. abave), the ua vatlve amjno,a id substitution”
preferably refe&’r{é%%ta(qs%giggéaz&r?%\élgr%s%l%a%mgq %L%§U%ﬁ)§2 va ﬁ%n% ngcrg%i%gég%ﬁial% % For example,
an amino acid SifiBtituGeHH S EoRBeH e TS Substitit orbisi eraractezée by HBROSUMG2 value of
0, I, 2, or 3. Aceerdingite mu}s[syﬁéamnmet@ﬁrﬁdd@mw\éaﬁm @e&iaot@ecimwb;&titu&@ns are
characterized by a BL( d%{,M@ ; r}éallgec%z at | %5; % 9 &m while more pr ferrgd conservative
amino acid substitutions are characterized by s S \;'a of at 184St 2 (? ‘épornB) 30100421
As used hérein] thaitarnd’ ﬁuzsrémeaﬁéjasr@févs wdagh%mré, étmlmcamrscengmée*mwhmmgw the

combination orjnseriiemst @ﬁmmmemy@ﬁt@saw& fhereby, Gambining seduRDgesthat would not
normally occur togey} rin nat Om SO{H e bold([ments ?uclelc acids com rise inducers or
enhancers. In $9Me B EHente” HidleRy é S RS RS A E ST S s, In some
embodiments %mucﬁlmwldshén@od@wdly@epﬂdé%w §@mé0@mb@rdmfenltsemm©kemﬂacids comprise
mutations. [0043]MAs tsedt hesen, g term 499%@10&'@@ Jefexs 10,3090lypePBdedpalds produced from
a nucleic acid. %[180441 used herein, the terye polypeptide" comprises a Myc polypeplide that

produced from ¥ HULHER IEEBOAB1UKE (5 T THE e e AHE GRS 85 We integration of
a nucleic acid that entodes:apelypeptidecintode genamiciDMAcof-adamimgl pbdetera] virus or cell.

100461 As usedheraip, ihie, e1m.od %Fc"té‘??&'@; 192 JSUACKGIAR AESRISA EIRMERE,10[00471 As used

herein, "over-expression”, Tefersto a higher level of expression when
chemical propertics (as discussed above), the language “conservative amino acid

substitution” preferably refers 10 a substitution represented by a BLOSUMA2 value of

[£=]
M

greater than -1, For example, an amine acid substitution is conservative if the substitution 1s

characterized by a BLOSUMS2 value of 0, 1, 2, or 3. According to this system, preferred

conservative amino acid substitutions are characierized by a BLOSUMG2 value of at least |

(e.z.. 1, 2 or 33, while more preferred conservative amino acid substitutions are

characterized by a BLOSUMGZ value of at teast 2 (e.g., 2 or 33

360 e42]  As used herein, the term “nucleic acid”™ refers to & nucleic acid that 18 cngineered
through the combination or msertion of one or more nuciew acids, thereby combimng
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 sies. in some emboediments, nucleic acids encode polypepnides. In some

33 embodiments, nucieic acids comprise mutations,

0843]  As used herein, the term “polvpeptide™ refers to a polypeptide that is produced from

a nucleic acid.



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 oyer-expression’” refers ta,any detectable level. of expression. of an.exogenous
sep i v o e s s e A Sl
interchangeablyHeF& RS #Hsi4s & olymer of amino acid residues. The terms apply to naturally
occurring amipgacigdspebyimers:as welhas ammine-acid: palymers-dnvhich ohe Ricmasaamino acid
residues is a pon-naturaly geeurting, amino acd & gy a1 aming, acid anglog, Ag used herein, the terms
sencompass amino acid- KRS 6 any fength, including ?uiﬂehg'% proteins, wherein the amino acid
residues are fHREd Hy sevaRresin peptivie bRE STt iz &8 Cells St Ge e 801100491 Stem cells (e.g.,
hematopgeic lgaigmcells)iteRe immertalizedar cenrditionalbrimmertalizgd arg.ehtained from any
suitable source. In qgr{t,agp em(ngIime?tsl thfe“ste_rn_.cell§ (g.gy herlnaﬁqg_gieéi_c stem cells) utilized are
from an animal™ & § AT AR B g R horsd el Sig S REBIS JoAtP Shldk&hP Hi6Hkey, rat, mouse, or
the like. In sowidgerbodimertisirecstem isethiscolStaitrett fromotiedion e marsyiyrpaiipheral blood,
umbilical cordy @i fetaldissus-ef-amiadividuahonis Riaeured,from A-sprce that gbpined a stem cell
from the bone marrow, peripheral blood, umbilical cord, or fetal tissue of an individyal. 5100501 In

certain embolliFENt3, tHE STIPIKY S steH# 1S thod RERAD BERSHE Sréiiy telis) - To1d

15 higher. In some embodiments a higher level of expression comprises 2-fold to 1000-fold
higher. In some embodiments a higher fevel of expression comprises 2-fold to 10,000-Told
higher. In some embodiments a higher level of expression comprises a detectable level of
expression when compared to a previous undetectable fevel of expression. In some
embodiments "over-expression” refers to any detectable level of expression of an exogenous

20 polypeptide or protein.

10048] The terms "polypeptide”, “peptide” and "protein” are used interchangeably herein to
refer to a polymer of amino acid residues. The terms apply fo naturally occurring amino
acid polvmers as well as aming acid polvmers in which ene or more amino acid residues is a
non-naturally occurring aming acid, e.g., an amino acid analog, As used herein, the terms

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

amino acid residues are Hinked by covalent peptide bonds,

I Immoralized Cells

Stem Celly

30 [6049] Stem cells (e.g., hematopoietic stem cells) to be immortalized or conditionally
immortalized are obtained from any suitable source. In certain embodiments, the stem cells
(e.g., hematopotetic stem cells) utilized are from ap 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
35 ofanindividual 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



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, puncturipg,the:RQateNIARSURGHAL ilac crestwithanesdie, and:performing aspiatjen of bone
marrow cells 15with a syringe. 100511 Further steps involved in the processing of remaining marrow

cells compriseS4RaTH EONSEtBA BV CERTIHTGHISH CFEATEPEnSbRET Lot ARRIAE theldiGH or a buffer
suitable for su bséeqtagnthpmsﬁhzig slensoihe igmb@e!s'rman‘ﬁ:g, Hlaeq@;hnﬁaﬂ:kty}@ﬁs{am(ﬁéﬂﬁi(e.g., _
hematopoieticzﬁm.&%L'%L[lgalgﬁa;\ﬁﬁa@ﬁ;g%{éw@;'&%?'&%@9&8@9& ANz, a goplurality of

stem cells (e.g., hematopoietic stem cells) in the bone marrow are coaxed to migrate from marrow to
circulating bloSHSHPEREICAGHTTRIE By ShRtiAR théSte i BERadRGPRItFID ¢itbkite "8uch as
granu_Iocyte-cqimﬂMigtimsmaﬁmgirtaet@.c §G@&5)crm&5£;dmpe¢taﬁmaﬁpeﬁt§ gdescribed herein, the _
pluralty of stemueliate. 2. AEmalonelelc siem 6ell) i ehiied fam diferent Wood gpaups or major

histocompatibility complex (1\4 or human leukocyte antigen (HLA) matching source. In some
embodiments, #rétirg frof thi petishirsl Mlosaesmisraeine slisilisr graptledfiecstimulating factor
(GCSF) a few playadpefareibe eelk hatvast i some amhadinenismoliaining, uplinalityef stein cells
(e.g., hematopoietic stem cell:ﬁ, cqmgris%s drag\{in%@ L _alit]y of stein celﬁ)(e. . hematﬂgoietie stem
Ostenior superior irac erest wiih.a needle, CITOTITING 45 afion CIIETIHRAITOW CEI11x
cells) from the‘bone malprow comprises injection ot 5-fluorouraci ?g- 30Hit in order 1o &nrich for a
plurality ofsteri'&ellsy (845, hematopoietic stem cells) by inducing these cells to proliferate. 100531
Any suitable idgaificatianmeioc iseptionalysdblizedfoddentiy astemcall Qbiginedfipm a donor.
For example, In some smbodiments, identfication of a.plurality of stem cels (6.9, homaopoieti stem
cells) compriséS GSilg CefiCUHAEE Markere RSB ahed SEith & iAo SHdph Cafe(dy.,
hematopoietic sieni ewls)orspecifically asdodiatadwithplurality of stem cells (e.g.,
hematopoietic stem celis) 1s harvested from circulating blood. In some embodiments, a
20 plurality of stem cells {¢.g., hematopoietie stem cells) in the bone marrow are coaxed o
migrate from marrow to circulating blood in greater numbers by injecting the stem cell
donor with a cytokine, such as granulocyte-colony stimulating factor (G-CSFY
{00321 In certamn aspects described herein, the plurality of stem cells {¢.g., hematopoictic

stemn cells) 1s obtained from ditferent biood groups or major histocompatibility complex

B3
Ay

(MHC) or human leukocyie antigen {HLA} matching source. In some embodiments,
drawing from the peripheral blood comprises injection of granulocyte stimulating factor (G-
CSF)a few days before the cell harvest. In some embodiments, obtaining a plurality of stem
cells (e g.. hematopoietic stem cells) comprises drawing a plurality of stem celis {z2.¢..
hematopuietic stem cells) from the bone marrow comprises injection of S-fluorcuracit (5-

30 FU) m order to enrich for a plurality of stem cells (e.g., hematopoietic stem cells) by
inducing these cells o profiferate.

[0853]  Any suitable identification method is optionally utilized to idemify a stem cell
obtained from a donor, For example, in some embediments, identification of a plurality of

stem cells (e.g., hematopoietic stem cells) comprises using cell surface markers associated

Lad
A

with a plurality of stem celis (e.g., hematopoietic stem cells) or specifically associated with
terminally differentiated celis of the system. In one embodiment, markers include one or

more of c-kit, Sca-1, CD34, CD3R, Thyl, CD2, CD3, CD4, CD35, CD8, CD43, CD45,



terminally differentiated cells of the system. In one embodiment, markers include one or more of c-kit,
Sea -1, CD34, CID38, Thy |, CD2, CD3, C1)4, CD5, CD8, CD43, CD45, CD59, CD90, CD105,
CD133, ABCG2, NK1. |, B220, Ter-119, FIk-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.qg.,
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; myring BonesNATaWcelsare inguhated ‘MU‘ ARtibedies recognizing cell surface
molecules such as one or more of c-kit, Sea-1, CD34, CD38, Thy |, CD2, CD3, CD4, CD5, CDS8,

CD43, CD45, EB88CHeb Eh 1o8 BH e dRes o R 171 2@ orarg Edsdcopcpa,
Endomucin, o044 Antibetlies for CD2, CD3, CD4, CD5, CDS8, NK 1.1, B220, Ter-l 19, and Or-1 are

conjugated wify paanslie fragde. I MACS.equipment.ihe sells narharing 692, G, b4, CDS. CDB,

NK 1.1, B220, Ter-119, or Ot-1 on their surface are retaine e co umn equipped to trap magnetic
beads and the' S dhseHeds et BERdConfupdtesamibogias b cogthat abé not

20captured bynMAGSalHy are st biﬁciﬁadtiﬁg EA@S{@%&@;&%@&BAQ& analysisgAntibodies for
surface molecHl«g\%§ ch as c- k& d%ea | C @&?AE'Q ], are conjugated with , fluorescent materials.

dcr el 1‘{ 3] .
The cells that are c Gea ¢ gare g%péoraltned rom the rest of sample by virtue of the types of

fluorescent an{‘?%djléé% ﬁ?s’é}&dt@ﬁmﬂt%%ﬁ@lé%?lw%@ gssare Provi ded s hititthe long term stem
cells (e.g., hemateppietic-stam.calls) &mﬁ&rm@tdmm@@h as deserihed frerein sk othesambodiments,

different sets I?I lfﬁr ar(eDu,s%q)J;o fg %Iood Pe%é%nfgemgﬁ pe?ebﬁ aﬁwa;tppomtlc stem

cells) from cells orre marrow, um |I|ca al tissu blood
15 ABCGZ, NK1L.1, B220, Ter-119 Flk-2, CDCPI, Endomucin, or Gr-1. Antibodies for CI2,

CD3, CD4, CD5, CDR, NK 1.1, B220, Ter-119, and Gr-1 are conjugated with magnetic
beads. In MACS equipment, the cells harboring CD2, CD3, CD4, CD5, CD8, NK1.1, B220,
Ter-119, or Gr-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

20 captured by MACS column are subjected to FACS analysis, For FACS analysis, Antibodies
for surface molecules such as ¢-kit, Sca-1, CD34, CD3R, Thyl, are conjugated with
fluorescent materials. The cells that are c-kit’, Sca-17, CD34"%" CD387, Thyt1 ™4
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.¢., hematopoietic

25 stem cells) for further method as described herein. [n other embodiments, different scts of
marker are used to separate murine fong term stem cells (e.g., hematopuoietic stem cells)
from cells of bone marrow, umbilical cord blood, fetal tissue, and peripheral blood.
is6;  In ancther non-limiting cxample, human peripheral blood cells are incubated with
antibodies recognizing c-kit, Sca-1, CD34, CD3R, Thyl, CD2, CD3, CD4, CDS, CDY,

30 CD43, CD4s, CD5Y, CDO0, CDI0S, CDI133, ABCG2, NKI1.1, B220, Ter-119, Flk-2,
CDCPI, Endomucin, or Gr-1. Antibodies for CD2, CD3, CD4, CD5, CDE&, NK 1.1, B220,
Ter-119, and Gr-1 are conjugated with magnetic beads. The cells expressing CD2, CD3,
CD4, CD5, CHE, NK1L.1, B220, Ter-119, or Gr-1 are retained in the column cquipped to
trap magnetic beads and cells attached to magnetic bead conjugated antibodies. The cells

35 that are not capturcd by the MACS column are subjected o FACS analysis. Antibodies for
c-kit, Sca-1, CD34, CD3R, Thyl, are conjugated with fluorescent materials known in the art.

The celis that are CD34", CD38"%", c-kit ™™, Thy1™ are separated from the rest of sample



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-1 19, FIkz2, CDCP , Endomucin, or Or-l. Antibodies
for CD2, CD3, CD4, CD5, CD8, NK I. I, B220, Ter-I119, 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

ckit Searl, SRI-CDRTOM. ard conigelae i, luoksaeen maleLate knawon the art. The cels

that are CD341,Thy | are separated from the rest of sample 5by virtue of the ty es of fluorescent
antibodies asSBETAEHAN T SIS HESRCERIE Sre BRAVHEE s KOMREH 16t Harm Stdkrdells (e.g.,
hematopoieticasignacgelts)ifor further method dlsclosed herein. 100571 in yet another non limiting

example, cell nged ro | sul:yect re Iabel Q me set of onjugated
antibodies (ar?t%%%;egyaegg;ﬁst%rﬁg of Mo LX?mﬁ)C }tl %) 0‘85 568%?\? 1. _?[( 0 Ter-1 19, or
Gr-1) and fluotksEatit CoAjuEIEE ORbeoTDEed @ﬁé%éﬁ@@&@%&hﬁb%téﬁé.%ﬁe‘f PeRie¥ing cells

captured hy ttteum,agaattqjaea@ccumgated antibodies from:toe spmplaidhesamplads@nalyzed by

FACS and C (_’Itgg % Qr?lds etalned as Iolpgcterm E} cells ‘ge 9 hematopoietic
4 dﬁ !O}’ dﬁt mov ¢ apiure &’Id“
stem cells). IS %% n some em men S, ura yce ortalized of stem cells) utilized

in any metho@é@%@tﬁﬂéﬂiﬁeﬁéﬁl@%ﬁﬁﬁﬁ%ﬂmwmlm%*@ﬁﬂt@tﬁaﬁlééqﬂsi kit CEBBLID IGH38', Thy

ICD34', CD38¢peakil'andiond hydndn-seme.embedimentsithe stem cefls(8Goiimmertalized or stem
cells) utilized in any method described herein lack one or more of the markers: CD2, CD3, CD4, CD5,

CD8, NK1.1, §§@ Ter 119, and/or Gr-l. In certain embodiments, the stem cells (e.g., immortalized or
stem cell$ utiligési |dnaﬂy1m:eth@ijlme%cr4bvé'dcﬁﬂefe>¢rbfarecmflaw A, AarBa@hzAl Brston ABstype. 100591 En

some embodimgpts, EQWqtagmn&latlzegétwtta%tl@teapt%ﬂmgttaaetk%neswmortalIzed or
stem cell. In certain.embod |ments fproviding at Iea,et one immortalized stem cell includes providing a

plurality of imMibrtalized 5 St dells CRME +¢-kit 7, andjor 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, CD%. NK 1.1,

20 B220, Ter-119, and/or Gr-1. In certain embodiments, the stem cells (e.z., immortalized or
stern ¢elis) utilized 1 any method deseribed herein are of an A+, A-, B+, B-, O+, O-, AB+,
or AB- type,

0391 In some embodiments, providing an immortalized stem cell mcludes providing at
least one immortalized or stem ¢ell, In certam embodiments, providing at least one

25 immortalized stem cell includes providing a plurality of immontalized or stem cells (e g,
hematopoietic stem cells), Tn some embodiments, providing an immorialized stem cell
comprises producing an immortalized or stem cell In specific embodiments, providing an
immortaiized stem cell comprises producing a plurality of immortalized or stem celis (e.g.,
hematopoietic stem cells), In other embodiments, the immortalized or stem cell(s} are

30 provided by procuring them from any source.

Immaortalization

[6060] In certain embodiments, the conditionally immortalized stem cells (e.g.,

hematopoietic stemn cells) are continuously maintained under suitable conditions for a
35 suitable period of time, successfully becoming an establishing an immortalized or

conditionally immortalized stem cell line.
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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
ine. 0061 In gegtain, embedimente. inducing profiferarion ot 8 canditonaliimmarialized,stem cell
according to any method described heréin includes in ucing immortalization of the conﬁltlonally
immortalized st8hiccelr adahsrabeddsintltiid esHdridrEyitporalized Btatviceldte g.,
hematopoietic.siemgalls) iaraliferatendn some embodimentsidndrging proliferation.comprises

inducing expression ?_f an agent that induces i]mmortai .In ?ertain embgdiments, expression of an

o stem cells (e o “mam%(aeﬁcs e ¢¢ f&}tgﬁml rate. In s;nvr{tc embd> iments, induciig
agent that induces immorta |fy_|s Induced in a conditionally immortalized ce comprlsmb a transgene
encoding the aydrthanipduoesimvonalityrwherethathes tra sy enkaenaodinttihe immvitatalizing agent

is one or more.fRfamifR62hirceraincnbadiments.Andmmarialized stemmcelbisiiyway of
non-limiting example, an immortalized hematopoietic stem cell, an immortalized mesenchymal stem

cell, Isan immERAZE REEHAP SRR BRI oTancag | pithall Al St EsI SR HiRortalized intestinal
stem cell, an immuitdalized cardianmyogyte progeritonstem:celinan immmdridlized skin stem cell, an
immortalized faflisulay, stem,cell A immoralizediskeletal musclesien cell.an immertalized

osteoblastic precursor stem cell, an immortalized liver stem cell, an immortalized embryonic stem cell
or the like. In SEHIE AMBBYRTEATE R RHITIaYB (Do ddmresifE s mmmoRaI siRéhtatopoietic
stem. geII.E iO(_)@sBﬂmhmmﬂimﬁmb-@ﬁimep%L ﬂnédmmﬂtaii_}zadﬂsié@saﬁrhl dslpmdmmxﬂtb‘;z@bntacﬂng a
conditionally immortalized §$ﬁ!§§iﬂﬂﬁ(‘!ﬁ§§1@&1%&%Q}Ctl%@‘&@%q%gemm%@!EML!5}1%9)%&%!7{}138‘1'*“9“5’

immortalization of the conditionally immortalized stern cell obviates the inability of a normal or wild type
stem cell of th&*Eaiiie fiitaige Terstviie, fplstiaratemasidlion dmfarantiztd EX Vil Paftt dffextended
period of time {€lgan naenerthign CohoutiBs A2 haurs;r2¢feuls ;3 idaystaliave elker2 areels, zh month, 3
months, etc.). [ CSHAN MRRAIMents, g IMMaralizing.AgeNIF A, condifionaly, aglivated.
20 stem cell is an immortalized hematopeoietic stem cell.
[66631 In some embodiments, the immortalized stem cell 1 produced by contacting a
conditionally immortalized stem cell with an agent that induces immortality. In some
embaodiments, immortalization of the conditionally immaortalized stein cell obviates the
inability of a normal or wild type stem cell of the same lineage 10 survive, proliferate and/or
25 differentiate ex vive 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.
[6064] In some embodiments, the immortalizing agent is an onco-peptide that induces
immortahty. For example, i certain embodiments, suitable onco-peptides that induce
30 immortality are: growth factors and/or mitogens, receptor tyrosing kinases, particulariy
constitutively active receptor tyrosine kinases, cytoplasmic tyrosine kinases, eytoplasmic
sering/threonine kinases and their regulatory subunits, regulatory GTPascs, ranscription
factors, telomerase reverse transcriptases, and/or factors that activate other onco-peptides. In

some embodiments, the immortalized stem cell has been modified 1o express or

)
M

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

expression of the onco-peptide is 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 1%%?”1%0{ K g'm Solh C(ert]g Ittllagrzlglll}/oafcﬁlzylgtvedq 11?%1%9}6 ‘g:!&nl Q]}?%nggmb&q!)mlesp 5?' the .
immortalizing agent inhibits an en 0genous anfagom%t% an inducer of i morta’lliyL: For example, in
some embodiffieRtsCEr BHERIHHEY ifdUsEsinb et cotniprises. an datibiter efetranscriptional
repressor that aniagonizes.expressionioh.a.genathabinducestmmartalitv.doncartain.empgdiments, the
transcriptional repress ,rtan(#a Qnizesmaptoch-_ e tiglel, €9, Mye. 10[00661 In some embodiments, an
agent that indUceSTMmortaiity s A pe ypeptide that it apoptodig & g B4’ AHicapdptotic
polypeptide. IagemvBzembodimentsdthedmyhicrtalized stem cell expresses and/or conditionally
expresseg, a payReptidethahinhibits@naRasisng tathe 9%&@4?@%[9@5%@%&@%9%&@ expressing or
conditionally expressing a pol peptide_that inhibits apoptosis. In some embodiments, an agent that
induces immo’i*fg’llgi’txtf f@?&“’a‘ﬁ ’%’é’nﬂﬁ%'ﬁ%fﬁﬁ‘é@%@%%ﬁ% WOl SEBHLEE S d endogenous
pro-apoptotic potypaptidescfod6zkirsemedembodinently, antimmenalized: e donditidrally
immortalized giem crllds gpRELAtEDY. COntAGHNG,2 stsmeell with.an Agent{hat induces immortality,

(e.g., an oncopeptide or transgene expressing or over-expressing an onco-peptide). In some
embodiments" 1B TITEFENIBRE 8P EBnditBRAMRF TR ERS L AT BN YEREIART By Contacting a
stem celliwith amagenttthaninbitces-tpwnortalityy tepgdear.anecdpeptideros- tiapsgene expressing-or
over-expressiﬂg}%ﬁgagg-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-expressifi§®an BrctpephadIngi iARiliBy G arenaoyeHEGE aMtagE st O & isduter of cell
immortality, ancantiapoptotiapalypeptideiiandnhikiiofahprodapapiotic-patypeptidas;na combination
(hereof 10068  Imimarialized et.condiienally mmedalized stem,alls (€8, Aemalopgielic stem cells)
utilized in a method described herein are preparé)d in any suitablé manner. In some em%odlments, a
condition&lly iffirieitalizéegsteartditiaeBroauet i Eortaeting eaeeneebnditaraiRe misortalized stem
cell with a polypepiideandi@radansgenad@@i-@e.o.. an onco-peptide or transgene expressing
or over-expressing an onco-peptide), in combination with at least one other agent selected
trom an agent that: induces immortality, {¢.g., another onco-peptide, and/or another
transgene expressing or over-expressing an onco-peptide}, an inhibitor of an endogencus
25 antagonist of an inducer of cell immuortality, an anti-apoptotic pelypeptide, an inhibitor of
pro-apoptotic polypeptides, or a combination thereof,
100687 Immortalized or conditionally wnmortalized stem cells {e.g., hematopoietic stem
celis) 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
30 conditionally immortalized stem cell with a polypeptide and/or a transgene (e.g., an
oncogene or proto-oncogene y 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
35 conditienally 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 nucieus of either the

-1 8-



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-peptideMyc;j. 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

differentiatjon,; gt fran she puglans efthe el (i 2 selseted type follewing differentiation. (00691

Delivery of a transgene encoding an agent that induces immortality, e.g., an oncopeptide, an
anti-apoptotic Pylpeptide cahahhibltsi- s prolapasttseIieptide or endogenous antagonist of an
inducer of cellylaimpaortality; etansinie anstémecellieachieveddt: any switaple manoessin certain

instances, a trans 2ne enco ing an.agen _th@t{inquesi mortality is transfected into a stem cell using
a vector. Inser%% the Euc%eﬁgogcig i ?g ihélé 52 use f herel r%ﬁﬁﬁ%fﬁ/%% &?s%éﬁ by way of
non-limiting exAMSRECHiittEiRjBEtioh et trahstletiorgene thansdutcrtieteddporation or like
methods. in sagie:iRstanassukiansgene ereadingamagentihakinducesipumasalityhis transduced into

15the condition%llx immor;glli%ed\ stem ceIA..In_some_e_rﬂquiments the method of tTansfegting or
. HAUCES IMNeriality 18 ffansiccie mtlha StCla CCH using a V@th){. nsering Eh(l C (ﬂC aci .
transducing a transgene encoding an agent that induces imimortality into astem cell'is as set forth in

U.S. 2007/0118BFcafHithks! heraby oo eataer bsF riferenebifor inigidistiosole. Delivery of a

polypeptide thakdngdueas, Mmortaliy.Qigh, ahoRsahentide an-anti-apeptalic pelypeptide, an inhibitor
of a pro-apoptotic poly e__qti'd?,or_{gndq enous 20anta pnisat of an indu]cer. \of_pel_ula{rj immortality, etc.,
into a stem cell 18 alhieved in'any Suitable manner. 1n some SmBoHRENE, THE PERpBBtide is
introducetf intéhther by bxprassidnofe tranigenerencobtidgntine pbiypeptidef tricértain:

embodiments, the, RANREPIIHE IS & fUsIQN: ROIVPRRHAE.COMRLS NGB RAYRERIA frangduction domain
id the polypeptigj? is}intrq ugg(d,;nto{%e cgnditiongl%immortalized stem cell by culturing the
25conditionallyiritibifatized StaH 8N it e FUSIoN FEn/BeRHde i & &hHbdiments, the method
of introducing &pblypeptide intofa stéyncpelidshasisatcionthitd By 200200136691 dhich is hereby
incorporated by, refgrenee,for this disglastis QR 701.9.3pme embpdiments, an immortalized stem cell

utilized in_any method described herein comprises an agent that induces cell immortality. In some
embodim&hts *AHKGEht FOHEEREH Ced Cal TRBHT Y CoMBrs i a AR BlEthE X presses or
over-expresses:a:polypepiide thatindueéscell immaoiiatityddnssomevembadiments han agent that
induces cell immortality somarises. a Rolynentde thatinduges call immartality. jn some embodiments,

a polypeptide that induces cell immortality’is an onco-peptide. Onco-peptides are of any suitable class
that induces cBH'ifRiBItality “FoP BXARTIET iFPEwFalit: ermbueimieh i stitabredomain and the
polypeptide is introduced into the conditionally immorntalized stem cel by culturing the
25 conditionally immortahized 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, 2007/0116691],
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 indueces cell immortality, In some embodiments, an agent
3¢ that induces cell immortality comprises a fransgene that ¢Xpresses or over-expresses a
polypeptide that induces cell immortahty, in some embodiments, an agent that induces cell
immortality comprises a polypeptide that induces cell immortality. In some embodiments, a
potypeptide 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
35 onco-peptides that induce cell immortality are: growth factors and/or mitogens (e.g., PDGF-
derived growth factors such as ¢-Sis); receptor tyrosine kinases, particularly constitutively

active receptor tyrosine kinases (e.g., epidermal growth factor receptor (EGFR),
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350nco-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 toH| -_Iag_telomerase reverse transcriptases, ée.g., TERT or hTERT); and/or factors that
activate othel BAESPEPHEEE el By dRRST TRETBITHG YL s A B b ARG Fr B Stiih &%y clin DI and
D3). In certaircembodifierits, @x Bhce/peptidedis vy, Hikina iNetehed ¢ Akts-fiFER Tydr a cyclin. In
some embodimenig A ONSQrRSRIAS if 3 fWRGtonakragment, hamolog, ofaAnalegus QLany

onco-peptide that induces cell viability, cell survival and/or iscell proliferation, e.qg.., a functional

fragment, hoMi8IG S B ERAISGUE 5 frcR BRI N BTE R M ARE BT E TS 0P 8SRENST T0711 In some
embod_iment%}arfaagemtrtlgatainmwa@eiI{i:r.r_grrmtai'rty;iﬂnhibi_igam&md&gamw@_ammgaﬁis_t (_)f an inducer
of cell mmorigfivoliexamele.he. agRakia,a.08neticdaibier ok smal,malegyie nhibitor (such as,

an antagonist). For example, in some embodiments, an 20 agent that induces cell immortality
comprises arffHRIItIP S 2P REEAPHIS Har Yelte d8elh it SEpprésso LesistessichdRa gene that induces
cell immortalityclin DertadrDe mbodimenishthiedransaripiionaipieRre $59f, aNAgONZRS-ananaco-peptide
that regulate%eg(ﬁessi,op af a,gene that induces cell immortality, e.q., Myc. For example, in some
embodiments, an agent that induces ‘é’éh‘ﬁrﬁ”r}%ﬁ*a‘iﬁf ?:%}n}i’bﬁggsxfaah%éégﬁ%@wgfj“l“h iibits at least one
member of tHEWHALS- fAMIY GHErahssriptiorsrtdsréasesce geliviaplly | seleraindtrérsmbodiments, an
agent that inducessceltimmertality.comprises aminhibitarof cydlinidapendent kinrasg inhibitors (e.g.,
plo, p19, p21, or p211). 1 Any agent that inhibits an endogenous antagonist of an agent that
induces cell irrfﬁ%gﬁal%t 1@%{\% to %C%cﬁ%f-'type stem cell of the same type is suitable for use in the

30method didtidsed e smbviat et afdnhibitor llamendoge ndistamagdmistofsan agent that

induces cell igamantakity iaduars: brbibits: A desreasesdhgiactivityar leyel ofitheigntagonist at any
stage or by any w?ch nism. !:gr ex mFIe, in some instances, such an agent interferes with expression
y

of an agent thal antagonizes the Activity of A Ageht Hat th Bt CEEcHIHMSRAIRTES: 24t the
translatighal keyel briatdhectrentiseriptivrial kevelrivscertali 85embudirnenispanagenttiiat interferes
with expressigpfan agentthat ANIRGOMAESENE: cell immonality. Tn 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
25 family of transeriptional repressors, ¢.g., MAD-1. In certain other embodiments, an agent
that induces cell immortafity comprises an inhibitor of cyclin-dependent kinase inhibitors
fe.g., plo pi9, p21, or p27).
[0672]  Any agent that inhibits an endogenous antagonist of an agent that induces cell
mmymortality relative to a wild-type stem cell of the same type 1s suitable for use in the
30 method disclosed herein. An agent that is an inhibiter 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
mterferes with expression of an agent that antagomizes the activity of an agent that induces
ceil immortality, e.g.. at the translational level or at the transcriptional {evel. In certain
35 embodiments, 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 molecuie}. In some embodiments, an RNAj molecuie is generated by cleavage of
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activity of an agent that induces cell immortality is an agent capable of RNA interference (an RNAI
molecule). In some embodiments, an RNAiI 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 in_(fuce_ cell immortality acts directly on the antagonist. For
example, in ngr%égte?ﬁfbtéjd?r@SFﬁs} (z“fﬁi ggaérﬁ’to Hat %&U%@é cell'im c?fé?i’t?/\ %?)ﬁ\npﬁigsné}gsc{éuncdaent that binds
to and inhibitstier gedivity of aeidogenons aitagonistbiramagant that idute sresiiBmmortality,

15such as anantibedyotisnalkmalecule krrexamplenin.some emhadinents .a-syitable agent is an
agent that binds to or interferes with an tagg;;gst of an onco- epItTizdtﬁ,ﬂsuch as antjbodies or small
I [

molecules that bind 16 and Hieri bt e FA A TR GBS P BRE B RTBHE SAHERAED fAily of

transcriptionak¢epte ssersigentythaviadict) orloyolinrdépendentkimabeuilhébitor siieligugeidicp19, p21, or
p27). 20190741, n.99me 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 intdrtafity T& &R BHEPEBEpIBHE PO ANYE. headnse e BBarTEHte thasshti-apoptotic
potypeptide intaistem caltibrstemebrpressdedcby e delloompiises:oneopimorscefca Bel-2 homology

domain. In some, speciic embadiments, [he-anti:apaniatic polyRantide Zraompxiging.qne 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, BIFTPEERG Yy e like o871 ArSsdseRi BB ARTE AT, afrarsént tiboratives cell
imm.ortalirty iS ah rahielmimib&cpro;. aqmm@ﬂi&mlypepxiedasaye'@sg);emdmgan@msupm@pmp;@gaapoIypeptides,
within a stem cell relative to. aiwild;type stem.cell of the same Lyng. in.eertain emhodiments, the

pro-apoptotic 30 polypeptide comprises one or more of a Bc1-2 homology domain (e.g., BHI. BH2,
BH3 and/or BHEAPcs pe i rnlsedin Bt A e pro-dpuptotic ol Epdencdmisiidea s 8, e.g., BIM,
PUMA, NOXALBAKDBAXIyBiKraBaAEL Bk, rikd ang/ovthe like, in-spaeiia embodiments, the
pro-apoptotic .gg.lg;geptiggz [ @ Bl,—[ﬁ-qqu pon eptide, e.g., BIM, PUMA, NOXA, BAD, BID, EGL-I,
and/or the like. 35100761 A ny %gélqt" that Ifl’ﬁhleits the activity or level of pro-apoptotic polypeptide(s)

within a 2¢ 10674} In some embodiments, an agent that induces cell immortality is a transgene that
EXPIesses Or over-expresses an anti-apopiotic polyvpeptide. In some embodiments, an agent
that induces cell immortality is an anti-apoptetic polypeptide. In some embodiments, the
anti-apopiotic polypeptide in a stem cell or stem expressed by a cell comprises one or more
of a Bel-2 homology domain. In some specific embodiments, the anti-apoptotic polypeptide
25 comprsing one or more of a Bel-2 homology domain (e.g., BHI, BH2, BH3 and/or BH4) is
e.g., Bel-2, Bel-x, Bel- XL, Mcl-1, CED-9, A1, BI-1, Bel-w, or the iike.
0075} In some embodiments, an agent that induces cell immaortality is an inhibitor of pro-
apoptotic pelvpeptides, e.g., endogenous pro-apoptotic polypeptides, within a stem cell
relative to a wild-type stern cell of the same type. In centain embodiments, the pro-apoptotic
3¢ polypeptide comprises ene or more of a Bel-2 homology domain (e.g., BHI, BH2, BH3
and/or BH4}. In specific embodiments, the pro-apoptotic polypeptide comprises BH3, e.g.,
BIM, PUMA, NOXA, BAK, BAX, BIK, BAD, BID, EGL-1, and/or the like, In specific
embodiments, the pre-apoptotic polypeptide 1s a BH3-only polvpeptide, e.g., BIM, PUMA,
NOXA, BAD, BID, EGL-1, and/or the like.
35 [0676] 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

mduces cell immortality. In certain embodiments, an agent that reduces the level of pro-
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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 mMRNA encodin 0 toilc I)&)} tide, for example, mMRNA }hat encod?sapolypepude

. .3 @y {C OP mpil sy the 1%1 nally moral stom,cell xs an agent t
comprising the’ dOMAiR) 1 < She embodifien S, an Kﬁg\l moletule s GENerated by any suitable

means, includTﬁg'fbsﬁ%ﬂf(ﬂhlMW&F@NA}%ERN?AW&MY@WSWRN@& imscertainbothecemipodinments, an agent

that interferespyithexpressian:efapra; &PQHGQI'%‘&QQJM%@HQW&@@@?JH&UQ&@PU;!Fy‘m@sgsm a small
organic molecule. 100771 In some embodiments, an agent that inhibits the activity or level of

pro-apoptot ¢ H8I§TEBHHET) v§7"th|ﬁ%ﬁ@f’éﬁﬁ“@é‘ff’?@‘lﬁfﬁ/é“f& &\GHOE SR ATERN of the same type acts
directly on the:prodapoptoticagely peptide!Foretamplasim somgerbadimenis;candagent that induces

cell iImmoytalithcerpiser.an aderbibak e e and infilhiiedhe actii. of & prasA0gpoptoti

polypeptide, such as an antlbody or small molecule that binds to and dpsrupts the natural function of a
pro-apoptotic PONApesidRs 20678 Mete R EM B dRT AT e Hh Eh g6 es cell immortality,
e.g., a polypeptidepida transgénaeritiot iignapolypept denthdininducesRinmortality: is, by way of

norlimiting CSMBE: SrUNCSMIG ARG, YR, YR Dl Syl s, STATS STATS,

AML-ETO, AKT. ICN RT, PD L-ENL; iLS receptor 13 chain |caten|n Hedgehog family
iShh, ihh, DIM§ &S "hcré‘@i]ﬂd*mﬁﬁ‘f“ B‘&I‘-?”B‘B‘I“(S’“gé‘f‘ 1‘0"‘"%fﬁ‘@i’rﬁ‘a1”§ﬂ§\7\/fh°f’aﬁt)6}“ﬁéceptor (EGER,
Erb13-1, HERbL)y =B 2 (HER2MmeathulkrhB: 3R SighfaBrolccule.

08771 Insome cmbodiments, an agent that inhibits the activity or level of pro-apoptotic
polypeptide(s) within a stem cell refative 1o a wild-type stem cell of the same type acts
direetly on the pro-apoptotic polypeptide. For example, in some embodiments, an agent that
mduces cell immeortality comprises an agent that binds to and inhibits the activity of a pro-

26 apoptotic polypeptide. such as an antibody or small melecule that binds to and disrupts the
natural function of a pro-apoptotic polypeptide.

[6078] In certain embodiments, an agent that induces ceil immortality, e.g., a polypeptide or
a transgene encoding a polypeptide that induces mmortality, is, by way of non-limiting
example, n-Myc, c-Myc, FMye, v-Mye, mTOR, cyclin DI, cyciin D3, STAT3, STATS,

25 AML-ETO, AKT, ICN-1, hTERT, PDK-1, MLL-ENL, IL3 receptor 8 chain, [J-catenin,
Hedgehog family (Shh, Ikh, Dbh), Bmi-1, c-Jun, Wnt, Bcl-2, Bel-6, Bel-10, epidermal
growth factor receptor (EGFR. ErbB-1, HER1Y, ErbB-2 (HER2/neu). ErbB-3/HER3, ErbB-
4/HER4, EGFR ligand family; insulin-kke growth factor receptor (HGFR family, IGF-
binding proteins (IGFBPS), IGFR ligand famity: platelet derived growth factor receptor

30 (PDGFR) family, PDGFR hgand family; fibroblast growth factor receptor (FGFR) family,
FGFR ligand family, vascular endothelial growth factor receptor (VEGFR) family, VEGF
family: HOF receptor family; TRK receptor famiiy: ephrin (EPH) receptor family; AXL
receptor family; leukocyte tyrosine kinase (LTK ) receptor family; TIE receptor family,

anglopotetin 1,2; receptor tyrosine kinase-like orphan receptor (ROR ) receptor family;

4
£

discoidin domain receptor (DDR )} family; RET receptor family; KL.G receptor family: RYK
receptor family; MuSK receptor family; Transforming growth factor B (TGFE-B) receptors,

TGF- beta.; Cytokine receptors, Class I (hematopoictin family) and Class 11 (interferon/IL-



41111ERA4, 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 fam”%/ Transforming growth factor 13 (TGF-I3) rec j‘;%q;ors TGF-.beta.; Cytokine

receptors, Claégfr’ﬁf@%%fﬁﬁ(‘}fétfﬁr?gﬁ Jahd € N aRETrsrorAt T8y ¢ I%ﬁéél@ﬁ%rs tumor
necrosis factore@TNFr)faaabzpt@nesmm&nfarﬁTy {TNER SE) degtiv recepigmfaniify;coamaer-testis (CT)

antigens, lineage-spec ﬁdamgsp@ m%r?n{)m%wyga@ﬁcglmg&tmna%r ARG preakpoint cluster
region-Abelson (Bcr-abl) fusion products, B-RAE, caspase-5 (CASP-5), caspase-8 (CASP-8),

beta.-catenin FEFHR @IﬁfﬂtFelFﬁ’lf\’fié‘ro‘h %37618 ol C(‘@EB@Z“’VV@&@I‘W d%%ér%%ﬁt%ﬁgk%\]ﬁg(bﬁﬁﬂ
CDKNZ2A, COAxdsidekycar 10fosion. preteinlckh & D2 aElongatiain Ham%(EmQ) Eis-yariant gene

iacute mylo ey L 990m ETH BT AN vson Mo, IADeSin TGPV, low

density lipid receptor/GDP-L fucosé: P-Dgalactose 2-a-Lfucosyl transf’erase LDLR/FUT) fusion protein,
HLA-A2. arginifi&tarisbRrsicihe ecidhfe’at tésitie PR of bR aFHANhEIR O thé*ipha.2-domain in

the FTLA-A2 gienetﬁmbﬂﬁé‘aﬁiﬁﬁﬂﬁﬂlﬁuddwrﬁéaﬁmeaiﬁhaﬁkcb@pf@t&mﬂ@{-zﬂnutated)(HSPYO 2M),
KIAA0205, M RT2 m m@ /5(”5’ %uuous mut ted 2,3 ﬁMUM I (())ﬂ?tlc f? ggosphatase

(PAP), neo-PA {)Os?rllnc ass |, N V&”%é%oégcgﬁ S %&Pél&ﬁg usion protein, X5, PTPRK,

K-ms (KRASZ)’f Pl?&ra@’k'&l?%ﬂ\(g)‘,‘lpl RAZSF#@B%@WC%WAENR?@PIS‘ﬁPSS%l kLSS fusion
protein, Tinqub@ﬁmﬁﬁziﬁﬁm&msﬁ“(BA@E}{%@Eﬁl WE -2daftednGbpEolZadi@i6,7,8, GnT- 20

V(aberrantNgc;e o:;a,mln | transfe HEFg -K-MEL, KK- EN-!, LACE,
LACE-]. CTL- reco@//}luze(j antg é’r‘i)ééth}t?%é k) \{(‘6 A{‘]"{M}féﬁ@"?q\’ﬁ%cnz A2,

MAGE-A3, MAGE- A% MG EABINAGERNG; OMA»@EINQS IVW’(BE—M@\M%AIINMAGE Al2, MACE-3,

MACE-B1, MA@I@B?&MAGE?@@W@@%%M&@E Sl MSGECZ muginh (MiG1), MART-|
TRP-1, HAGE, NA-88, NY-

:Melan-A 25(ML Elgg 1QO/ ésﬂ 1LV% tyr §| e &TYR) L,
ESO-1, NY-ES i?i'_ % Je SREE &7 ST A AREAT NS -thiryonic-Bhtigen (CIEA),
Kallikrein24, mﬁﬁmmmﬂmt@élﬁapmtaﬁerspémm &nﬁ@éﬁ?ﬂgﬁ@i?%ﬁgp?ﬁ( TRPX24-adipophilin,
interferon indugible protein absentirmelanoma 2.(AM2)mBING:4: GRS, cyelin Dk epithelial cell
adhesion mmecuﬁ[%}g:EP} (I‘?/é%'\(/il; —Egh\%ﬁ(‘fébﬁ.o?blﬁﬂ:{f A4 MAGE-AS, MAGE-AG, MAGE-AE,

MAGE-A9 MAGE-A10, MAGE-AL]l, MAGE-AT2, MAGE-3, MAGE-B1, MAGE-RZ,

MAGE-B5, MAGE-B6, MAGE-C1, MAGE-C2, mucin 1 (MUC1), MART-1/Melan-A

25 (MLANA), gpl00, gpl00/Pmell7 (SILV), tyrosinase (TYR), TRP-1, HAGE, NA-88, NY-

ESO-1, NY-ESO-1/LAGE-2, SAGE, Sp17, §§X-1.2.3.4, TRP2-INT2, carcino-cmbryonic

antigen (CEAS, Kallikrein 4, mammaglobin-A, OAl, prostate specific antigen (PSA), TR~

Hep75, TRP-2, adipophilin, interferon inducibie protein absent in melanoma 2 {ATM-2Y,

BING-4, CPSF, cvelin D1, epithelial cell adhesion molecule (Ep-CAM), EphA3, fibroblast

30 growth factor-5 (FGF-5), glycoprotein 250 (gp250). EGFR (ERBBI1), HER-2/nen (ERBB2),

wterieukin 13 receptor .alpha.2 chain (111 3Ralphal), [L-6 receptor, intestinal carboxyl
esterase (ICE], alpha-feto protein (AFP), M-CSF, mdm-2, MUCI, p33 (TP534, PBF,
PRAME, PSMA, RAGE-T, RNF43, RU2ZAS, SOX10, STEAPI, survivin (BIRCS), human
telomerase reverse transcriptase (hTERT), telomerase, Wilms' tumor gene (WT1), SYCPI,
BRDT, SPANX, XAGE, ADAM2, PAGE-S, LIP1, CTAGE-I, CSAGE, MMAI1, CAGE,
BORIS. HOM-TES-85, AF15q14, HCA661, LDHC, MORC, SGY-1, SPO11, TPX1, NY-
SAR-3S, FTHLI7, NXF2, TDRDI, TEX 1S, FATE, TPTE, immunoglobulin idiotypes,

[P¥]
il
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30growth factor-5 (FGF-5), glycoprotein 250 (f,p250), EGER (ERBBI ), HER-2/neu (ERBB2),
interleukin 13 receptor .alpha.2 chain (ILI 3RalphaZ2), IL-6 receptor, intestinal carboxyl esterase (iCE),
alpha-feto protein (AFP), M-CSFI, mdm-2, MUGU p53 (TP53), PBF, PRAME, PSMA, RAGE-I, RNEA43,
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,
SPO011, TPX1, NYSAR-35.FTHLI7. NXE2, TDRD1, TEX'S,
FATE, TPTE, immunoglobulin idiotypes, Bence-Jones protein, estrogen receptors (ER), androgen
receptors (AR} CH267 € B3 & HI0LE T DI cAHERF BHtGaI T 274 (CAP7%-4F Thncer antigen
15-3 (CA 15-3};izanhcariantigen. 2729 {CikcR 7-29)caricer. antigemi25 (CA 125),5cancercantigen 19-9
(CA 19-9), 0- hyyman shasienic,goaadatrapin,sgHamous cel carcinama antidene neurgn specific

enolase, heat shock protein gp96, 0M2, sargramostim, CTLA-4, 707 alanine proline (707-AP),
InadenocarcinBE EMHGER T SCBYINZ B by ITEMIIS F(ART I E BEHETRBRIoEREEREGER peptide-|
(CAP-1), calciEjr;mamwedcehimrjﬁi@mmm@%@hﬁﬁzpmImm.il_i{miBe(@ymf;B()’z(_l‘r’uman signet ring
tumor-2 (HST-g)., 3imian wirus,A0.( VI Aerived URNsiameiing enes and BoIging,biyman papilloma

virus (HPV) proteins (HPV-E6, HPV-E7, major or minor capsid antigens, others), Efstein-Barr virus
(EBV) proteind{EBY |ateM thefalsianeprotshatvgdeipnne g o Lothers)y drepdifitis B+ B virus
proteins, Humamisniunedeaficienay2vings (H1Virproteinssfusctional-hemealegs:Hfunciienal analogs, or

functional fragments thereof In certain embodimﬁ[}_ts trans)?ﬁ;{g éhﬁbgpﬁpg}}eﬁ?pc@?ﬁﬁq@ides, other

. L rotéins, Hurpan papilloma virus ( YEOLEHS B, .
immortalization trgnsgenes, ungtlgna omoﬁogs, LFnC Ional analogues, or functiona ragments thereof

utilized in any fhiethod eRcribES hérsipiingirde rarsyensstthut BREOEEE poRpeptice izt 20induces
cell viability, survival and/or preliferatien:180491.incertalmembedimantis:adansgenethat conditionally
over-expresse olypeptide that induces ce|l immortality (e.g., an onco-peptide) comprises an
cloment that 1 1LLUBHEUS 5 S0 S 2 TR ol 8 0 A Ay T e
instances, the tramnsgetedhaténsedesanibpolypdpiidecdestribediiergingaagzaamonco-peptide) is

driven by tTA @it Ade AncliRE MYRiAS aMeh. M eRitain.cmbRdinanis -/ sondifionally immortalized
stem cell described herein comprises a first tr_ansgene that enc%ggs a polypeptide that induces cell

immortality, wHEH&H tRE Hra AR SGERe KalMIBE Bite B HiBre TREY 4iid RSP ifiises

206 induces cell viability, survival and/or proliferation.

{60781 In certain embodiments, a fransgene that conditionally over-expresses a polypeptide
that induccs cel immertality (e.g., an onco-peptide) comprises an element that is responsive
to tetracychae or an anafogue thereof (e.g., doxyeychine). In certain instances, the transgene
that encodes any polypeptide described hereim (e.g., an onco-peptide) is driven by {TA or

25 nTA (e.g., TRE-Mych As such, in certain embodiments, a conditionally immortalized stem
cell deseribed herein comprises a first fransgene that encoedes a polypeptide that induces cell
immortahty, wherem the first fransgene comprises one or more TREs and further comprises
a second transgene encoding a polvpeptide that condsionally activates the one or more
TREs {e.z., {TA or T A},

30 {eess;  In cortain embodiments, a conditionally immortalized stem ceil 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 polvpeptide
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

Wy
LA

modulation (e.g., agonism, antagomism, and/or binding with a ligand) of the receptor
activates the survival and proliferative characteristics of the fusion polypeptide. For

cxample, in certain embodiments the conditionally activated polypeptide is a fusion

224



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 polyjseptidads o Hsem- %W&eﬁfiﬁé‘b@n"@ﬁéﬁ Hepiasing e YA ofigfimiting
example, MyceER:dmsome cemb&mmaemﬁsn&ﬁﬁﬂmmma&m immettatized stemcglkis produced by
contacting the 89&‘9"“0 all%mme %ed stem. eilc\{/)vrl]t 1a ﬁca(ﬂndltlong fy a\{tlvaitgc »9 IYP&@ELde that
induces cell immortality (e g., an oneo peptldes e.g., 100811 n'some mstances] an agent
that induces .ﬁﬁﬂ@ﬁewleyge QB RESHEPithe: étﬁaﬁﬁ%é‘fﬂoptotlc polypeptide is optionally expressed
or synthesizedo@msidesm& cangitionally.tnmartalized siemcelland suhseayspiyedelivared to the

condltlonegly immo Eallz stem  cell to b |mmorta ized or, condit |onadl mmortallzel In certain
Brr O 311 5 S (} !011 %Cn{!rﬁﬂ‘s 0{ 5?1 1CRIZC OUtsy the congior é/
embodiments, age duces rtality that is'expressed or syn esized outside of the

conditionally |mrﬁ@rtalné@d@teml&emanbﬁeu@géndéwéenméwwme bonditionbiid ismmortalized stem

cell is producediby, sentactingithe sengitienally immeralized.stemcelithatiansaustiondomain that
enables the poly tld{i to be ellv red to the condltlo ”X,&&Qrta“ d steén%cel In certain specific

embodiments, B ag&ht IAEHA sdtclelrf)f SHafity e ?I% B “s%éb“ ‘SYnthesized outside the
conditionally |mm’@rtelh?zeidtstemlbelhﬂanbhmséﬂdén&wdeh@me@t@mhe bonditionbiyd ismortalized stem

cell is, .95, Tal-Myer MBlYIE  MEas MyCeohalnBelne. iMRIsRE1z2d XP%%&%! éh J AIRRLER Y Pr-Bel-X,
VP22-Bel-x, Tat-Bel-XL, Vpr-Bel-XL, VP22-Bcl-XL, Tat-Mcl-l Vpr-Mel- |. VP22-Mc1-1,

Tat-CID-9,Vprle B g3 Bp i rsiAr WBF- K yRs A Cfas?%edfvvwefﬁhﬁtwﬁe Bfi-
Tat-Bcl-w, VpreBelwrand/grd/R28:Bel:wenn. cerigintembodie nt$, iamondospégtide comprising a

receptor, e.g. m’f—ﬁe@&a@ﬁxﬁ';%%i%&h%ﬁgmﬁé'éﬁﬁiz%&@ﬂ?%%ﬂ@;Q&E“?ch% that, ﬁ@ﬁﬁ!& {hgeSpolypeptide

to be delivered to the conditionally immortalized stem cell, e.g., Tat-Myc, Vpr- at-Myc-ER,
Vpr-Myc-ER, %ﬁ?rﬁy%gﬁﬁoﬁ‘ﬁ‘[“l\ﬂﬁ}&éﬁ“ Vﬁpwﬁﬁﬁe}éﬁd? \fﬁiﬁﬁ\ﬂy\éPDﬁ“idd@él In certain
instancesyitheXonditioRaly, errmtahzeugm:cel&zemnpn\smgaamagemMtsmducﬁfmej| immortality

that comprises, & tiansduciion demain-a NEpae . eultyng S0a stem ;ﬁ# .{pe palypeptide

comprising the transduction domain. In specific embodiments, a conditio mmortalized stem cell is
prepared by ciitarifd g Steri ééli‘@@fﬁ(#)Wa?M&cTVﬂ?WyEP’F%ﬂMyY: ’I%hm?/br?l\‘ﬂy%‘if‘ﬁ? VP22-Myc-ER,
Tat-Myte-GR, ¥privye- @R’,(}@WVP’.ZQCM’VGT&B’IW@H(&)dTEﬁ&?E}@lm?;}i\éprpaﬁldz,LM’E;QBT&QQ. -2, Tat-Bel-x,

Vpr-Bel-x, VP22:Bel-x, Tat:B r-Bel-XL" VP22-Bcl XL, Tat:Mel- |.Vp VP22-Mel-1,
TALCED-0 Ve CLLS s R o R s M e P st

Tat-Bc1-w, verveémvdbwpﬁzhseidw tﬁﬁgeﬁ*ﬁél@mwmeﬁﬁézqﬁe%wewdé Fhit'eolmiprises a
transduction domainangdsFanepded by pretooncotteNeiShye-GR, Vpr-Mye-GR, and/or

VP22-Mye-GR.
00821 In certain instances, the conditionally immartalized stem cell comprising an agent
that induces cell immortality that comprises 2 transduction domain is prepared by culturing
30 astem cell with the polypeptide comprising the transduction domain. In specific
embodiments, a conditionally immortalized stem cell is prepared by culturing a stem cell
with (1} Tat-Mye, Vpr-Myc, Tat-Myc-ER., Vpr-Myc-ER, VP22-Myc-ER, Tat-Myc-GR,
Vpr-Myce-GR, or VP22-Myc-GR; and 2) Tat-Bel-2, Vpr-Bel-2, VP22-Bel-2, Tat-Bel-x,
Vpr-Bel-x, VP22-Bel-x, Tat-Bel-XL, Vpr-Bel-X1., VP22-Bel-XL, Tat-Mcl-1,Vpr-Mcl-1,
35 VP22-Mcl-1, Tat-CED-9,Vpr-CED-9, VP22-CED-9, Tat-A1,Vpr-Al, VP22-A1, Tat-Bfl-
1,Vpr-Bfl-1, VP22-Bfl-1, Tar-Bel-w, Vor-Bel-w, or VP22-Bel-w. [n some embodiments,

the polypeptide that comprises a transduction domain and is encoded by a protooncogene 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-expressingan Bntespeptidsy in*EdhbinALc Aaithcat fe S ond Gt Syt s&1Betdd from an agent
that: induces irvimofidlity, (€ - Maneiireionceipeplideérand/oranathentrinsgeneExpiessing or

over-expressing, ‘?«rlé)zmCQ@B@QBQ%)&QQWmmtﬂ!rmh%ocQQ%Q?@PM&&&W@QQWEE% 30ndugey of cell
immortality, an anti-a &_ﬁgtotlc peptide, an inhibitor of pro-apop totlct%og}/peptl es, or a combination

thereof. 10084% mHOHAILEd o &ﬁd‘tflﬁﬁ‘@&/‘?ﬁiﬁﬁ’(ﬁff&i&@ﬂ‘ SErdins! *ﬂ%‘ﬁ‘f&topmetlc stem cells)
utilized in a mathex desmbedﬁhﬂremarerpre@af@dmm aﬂyosmﬁahkamam litsamecemibodiments, a
Conamonally MmeRBRCLSIEI APl b prodhere hconictng e condianaly nipariatized ster cel
with a polypep e and/or a transgene (e.g., an oncGgene or protooncogené) eﬁcoalng a polypeptide
that induces inifiSH&aREY AR CERATTEMBO ArEtS RIfeSEBHAINBFany idmdranPe §abefinedilss produced
by contacting the:sangitiorally iovmosializacstemicedl withcan o ree-peatide ¢eugwMyc)and/or a
e oo A0, SR REPUELE B MNE) 11 S0R RS SIE (e poriatzed or
conditionally immortalized stem cefls Thematb joratic Stem' ceils) Utifized v methiod described
herein comprisé thﬁa%@@h’é&ﬁ&tﬁéﬁbﬁﬁé@@ni%ﬁé@bp@pﬂﬂw@ﬁy Insetheedesegtedelistedn optionally
further comprisesexcising dhe Hansgensdramhe nugleusof.eitherthe immpetalized or conditionally
immortalized stem cell r|or to differentiation,.or from the nue leus of Ilhe cell of a selected type

following differentiatior )TH(SB%[}I.%I% cef a‘ﬁﬁ"mbé imerts & telrﬁ)cdel mr Sit) ngf)%slré%c stem cells)
utilized in meth@tﬁﬂlsobé@d hévein domprrigeosial mn@@@émmzefgmnalmgmhéeexpnésbmg &n

onco-peptide iR combinationwithiat{east one ptheh agenirthat induces cell immortality. Specific 35
examples of such combinations include an oncor\gﬁftlde or transgene expressm an oncopeptide

(e.g., Myc, My& R TARRIG o RIYEUP AR MYRERA Vol w&%ﬁ SRS RREERIMTOR,
Tat-Myc-OR, \WoldWydi@RiNAIBERRL Myer@R heyeoliarDprayctin D8 vamnd/dre MiRrka)witiman inhibitor of
an endogenous, antagemist,of @mtﬁgﬁw that nducascallimm _?F&@u&c(%ygce)ﬁnc{ﬂh'gpr of a

eyefin-dependent kinase inhibitor (e.g., p16, p19. p21, or 2 and/or an inhibitor of a transcriptional

repressor that SUPPresY g‘aszw@&éféwa‘ﬁ%ﬂbﬁé&ﬁaf)lwaﬁa’eég délé‘ll“?nﬂr‘ﬁﬁﬁ%‘i&% (€29 member of the
MAD family of transeriptionabrepressors{eigy MADek)):dDLO086icn otherteinbddiments, combinations

of agents that mﬁu&%m&n%@ﬁmmﬁmﬁ anonca-Rentide.ar It!gn;%g@aﬁ Z%Bﬁ%%mgf fh onco-peptide
(e.g., Mye, Myc-ER, Tat-Myc, VprMyc, Tat-Myc-ER" Vpr-Myc-ER, VP22-Myc-ER; Myc-GR,

Tat-Myc-GR, \fﬁf“My’Edéﬁi’Wi‘z“Wef@R“W&ﬁh"Eilo‘t“g}tﬂ?i’ﬁf? (&8P H: ﬂidffé)dmw Gnti-apoptotic
polypeptide comprismnguoneoptnote of:a Bet-21heonalogydimain (aakirBed i2pBaikixed3c1-XL, Mcl-1,

isSCED-9, Al, 'V'Jorla;@8&%&%@84&%&%@@ﬁn”(éﬂh'%%%&iﬁc % M iRlic.RolypgRlide (g-9., BIM,
PUMA, NONA, BAK, B D, BID, EGL-T'1. In cenain em iments, s eC|f|c combinations of

agents that incHseer i‘?ﬁ%bitéhﬁﬁﬁ’gtém‘@éﬂ%"(’é gt ﬁé?ﬂ%%ﬁibi@ﬁ% E%é‘rﬁccéﬂbs)ﬂlﬁ iFberTAr PEthod
disclosed hereharairremaiMmpemmpm&aM&B@-ﬁ@myp@ﬁﬁd@mMm@@iypﬁ@ﬁﬂeza@d an inhibitor

of a pro- ap(optotm P?Q’BSPE‘; (,ev‘s}ﬁ z%m%gg Imm naf';ert I6§ér% OF(%I"H)TQ nirisﬁ’fthe%t%g Itgtgrr SR fises nucleic
acids, amino acids, or is a sma orgariic mo ecule. n some other em odlmen S stem cells

(e.g., hcmatopéi’éi‘?@“s‘féfﬁcé‘éﬂé)f atifiFst frivivrettibavdis dioseEd Férsin comprise a combination of an
inhibitor of an anelogeNQUSin embodiments, stem cells (e.g., hematopoietic stem cells) utilized in

methed disclosed herein comprise an onco-peptide or transgene expressing an onco-peptide
in combination with at least onc other agent that induces cell immortality. Specific

35 cxamples of such combinations include an onco-peptide or transgene expressing an onco-
peptide {e.g., Myc, Myc-ER, Tat-Myc, Vpr-Mye, Tat-Myc-ER,, Vpr-Myc-ER, VP22-Mye-
ER, Myc-GR, Tai-Myvce-GR, Vpr-Mye-GR, VP22-Myc-GR, cyclin D1, cychin D3, and/or
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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, conditfohallydctivatebiehebipeptiesye. g aesERamegeM et igpvseeifat-Myci-ER”
Vpr-Myc-ER, M%Mw&R Myﬁn@Bs“ Jrat-Mygr-GRe Mptc Mye-GRhane/or YR22-MycriBR »in
combination WI HGT pt t!:)lt tlges% .0 Bcl-2 ;ILathl -2, Vpr- Bel 2, VP22 Bcl-2, Tat-Bcl-x,
Vpr-Bel-x, VPE is‘“ " Tat'Bel %Cﬁi’ Ay %t“ﬁpa%“ﬁef”f’\/’“‘i\ﬁcﬁ AEFP77-Mg1-1,
Tat-FiED- 9,Vr§¥*d@E®£@}W?@m@Eﬁygﬂa@-m]EWpr-ﬁ EhM?ZZ@AdWETathﬂm‘;WABﬂVPZZ Bf1-1,
Tat-Bel-w,Bety w0t MR22-Bekyy, 1300891 Transgenes and polypeptides described herein are delivered
toa pIurallty of ste cells (e. emato 0| tic stem cells }zb\% be immortalized or conditionally

immortalized W’g\ﬂy fé%lé ‘éﬁﬁ’@?@uc}?’ élaBW%Vb?' HAR TG 'SVARRIY tPSHERtting into a stem
cell 10using acectomiicroinjections wansfectiomdransddictian, lectropaidtidm; dytikéermethods. In

certain instanags, trapsgenss ars:- sanstirctad intg,a Kectayby.eny, sHitRkis teshniguesdncluding, e.g.,

using polymerase chain reaction to isolate a gene or a fragment of a gene or genes from a genome,
using restriction en$icEsdr tHe Hobiitiadbh B gele! Ordtray kP oraisent shdhes isolated
from a genomeymysingmeclercractd fddifinhgrerzymesiiSsisch, asltdopsisenieiasesyiDINA ligases, DNA

nuclease, andsingmeiRgdadelpted (9, pblaiNing MBNAIOI. A6el e ORMSKNGMRNA to CDNA

and cloning the cDNA into a suitable vector for further clonin I£0090 In certain embodlments protein
transduction i§dsdt ¥ trdGucethe BitimBrtatiZito i AgeRtts) e thdes&iFor example, for protein

transduction, the-fdsien:20protkinsrhisvaibeest purifietpriande iransduielionidsairesult, genetic
modificarion ke Sl iRt nesessARL I 9%9&&8&9&%999@n'mcmgﬁa"Z%]rgﬁ&%“ AfPP11 In certain

embodiments, viral transduction is used. In some embodlments the gene o mortalization, such as
Myc or Bc1-2 Bel-Qiplsachitdeavvitas DeRRSPIHIGMRIE ! b@ﬁé@k@%ﬁ@ﬁﬁﬁi@ dehivadidhdér the control of
various viral irgincerscsuthe-asiamees, shnpleXitor comprises nucleic acids, amino acids, oris a

small organic molecule.
[0687] In some other embodiments, stem cells (e g, hematopoietic 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

25 induces stem cell immortalization, ¢.g., another inhibitor of an endogencus 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-1 with a Bel-2 polypeptide,
and an inhibitor of MAD-1 with an inhibitor of a pro-apoptotic polypeptide, ¢.g., BIM.L

30 10088] Also included in certain embodiments are combinations of agents that induce cell
immortality, wherein at least one of the agents, up 1o 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, ¢.g., Myc-ER, Tat-Myc, Vpr-
Myc, Tat-Mye-ER., Vpr-Myc-ER, VP22-Myc-ER, Myc-GR, Tat-Myc-GR, Vpr-Myc-GR

35 and/or VP22-Myc-GR, in conmbination with anti-apoptotic polypeptides, e.g., Bel-2, Tat-
Bel-2, Vpr-Bel-2, VP22-Bel-2, Tat-Bel-x, Vpr-Bel-x, VP22-Bel-x, Tat-Bel-XL, Vpr-Bel-
XL, VP22-Bel- XL, Tat-Mcl-1 Vpr-Mcl-1, VP22-Mel-1, Tat-CED-Y Vpr-CED-9, VP22-

oy



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 2 fefhtivital \ctdr ¥ERTplising!BAuCNIE BBid: 6dddhte it dding My gene, 35a

Bcl-2 gene, owacgcombination thereof In some embodiments, cell transfection methods are used for

the delivery of jiansgenc(e). Thus, in.some embogiments, genes are clone info & mammalian
expression ve tie Vecto cd’rﬁ’témln the transg ene is ellvereaﬁ commerué’lly available cell

transfection ageﬁté.ebaé@tﬂr)déimgng?ﬁeaﬁ@méﬂ ﬁqdﬁﬁeéhﬁblé@?f@é mrms@menembM-m@ﬁ%s?aﬂm

electroporation.pethed. whish:is.a\ariation o ianmfestion.methedelegies isoptiepallyiused to
deliver mammallan expressmn vectars. In certain instances, fo[ efficient transf%ctlon the vector is

linearized before the transfeEioi tH0o 1N C§8Hﬁ‘e“é*h?8%°d.ﬁﬁ‘e%€§“8w Stthe ME R 85 cribed herein
utilizing an imrrontetizedsifiorestem gelicsomprisimgradransgenetihatencodds spolypeptide that induce

immortality (e.g.180:QncQ-PRAKAR) fEher apmprisasxcisingdhe dransaensfamthesiem cell prior to
differentiation or from the differentiated cell following differentiation. In certain embodiments, excision

of the transgeS&™s HEMESHARS the ase HFLEFEHEK BF SiRfiar S5&t8moiA $FIE- Ydtem, the transgene
that encodes thezpolypéptigecthatand uees caliceu rvivalptSeetiaviabidityaddioridel protiferation

comprises.a sequence slement.e-Bn & IQXR.Josus, R ATAAGT [GE TATAATGIATGC
TATACGAAGTTAT-3"), inserted before and after the transuene. In"certain instances, the loxP

sequence is réﬁ’&@?ﬁ%ﬁ‘% A FaBe B (RYG e R Nirhi Sﬁ%%ﬂbirﬁwwlﬁ’fé@w a transgene

located betweetittivie loxBst(e ig:tar cloning.
H090])  in certain embodiments, protein transduction s used 1o introduce the
immortalization agent(s) mto the cells. For example, for protein transduction, the fusion
20 proteins have been purified prior o transduction. As a result, genetic modification of the
cell is not necessary i order to conditionally immortalize the cell.
[0491] In certain embodiments, viral transduction 15 used. In some embodiments, the gene
for immortalization, such as Mye or Bel-2, 15 cloned mto a viral vector in which the gene

expression i derived under the control of vartous viral inducers, such as herpes simplex

o)
LA

virus thymidine kinase inducer or HIV LTR (long term repeat) inducer. In specific
embodiments, the plurality of siem cells (e.g., hematopoictic stem cells) is contacted with a
viral vector comprising a nucleic acid sequence encoding a Mye gene, a Bel-2 gene, or a
combination thereof. In some embodiments, the plurality of stem cells (e.g., hematopoietic
stem cells) 18 contacted with a retroviral vector compnising & nucleic acid sequence
30 encoding 2 Myc gene. a Bel-2 gene, or a combination thereof. In some embodiments, the
plurality of stem cells {e.g., hematopoietic stem cells) s contacted with an adenoviral vector
comprising a nucleic acid sequence encoding a Myc gene, 2 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 2 Myc gene,
35 aBcl-2 gene, or a combination thercof. In some embodiments, cell transfection methods are
used for the delivery of transgene(s). Thus, in some embodiments, genes are ¢cloned into a

mamypalian expression vectors and the vector containing the transgene 1z delivered by

8-



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 ‘conthtibrany imiieitalized stenicenm asatd s cng differantiationcbregistutality of
immortalized apheradity. obstem:cells:(e:gwhematopoieticcstemeelis) 1o aqphdradity:of cells of the type.
35100941 In certain, empodiments, a1 immornajzedstomcell ulized in any method described herein is
a conditionally immortatfize *stem cell f’c -stem c'ellisl. th'Some énibodimen S différéntiation of a
conditionally iitieadiZedSiesy cathoiceins. drdeeeonditionswihereinthsimmdtalization of the
conditionally ijmertalized.stem salkissnatyinducaskdd oihersrabedimantsindiffereniation.of a
conditionally immortalized stem cell occurs under q%%d'itiorgs W?S.Ke'r.‘ imgnortalizati'qn of the
conditionally imimoRaiized Stem el ieivaliced’ 150051 iy Bt EmBotienE s Mdthbdisclosed
herein further eomgrisestidontetting therconditiomally immantalizen stemreetiivitirapolypeptide that
induces differepfiation.and(ena:1 Qitansgens.epceding A polvrertide dhatinduggs differentiation. In
some embodiments, the polypeptide comprises an export sequence and plasma membrane retention

P
element. In ceffAM BRBERFEHEE, WHET BB TS BHRIES K PHEdBA Srexisrlesed HPHRE cell is retained

on system. In this system, the transgene that encodes the polypeptide that induces cell survival,

th

cell viability and/or cell proliferation comprises a sequence element, c.g., a loxP locus (5'-
ATAACTTCGTATA ATGTATGC TATACGAAGTTAT-3Y, inserted before and after the
transgene. in certaln instances, the loxP sequence is recognized by & recombinase (e.g.,
Cre), which is optionally utilized to excise a transgene located between two loxPs (c.g., a
sequence eiement that encodes the polypeptide that induces cell survival, cell viability

2 and/or cell proliferation). 1o one embodiment using Cre-loxP sysiem, a viral plasmid &
constructed in which fusion transgene (e.g., Tat-Mye, Vpr-Myc, Tat-Myc-ER, or Tat-M Y ()
15 flanked by two loxP sequences. In certain embodiments, the fransgene is infegrated into
the genomes of a plurality of stem celis {e.g., hematopoietic stem cells) by any suitable

method (e.g., tramsduction).

25
Differentiation
06931 in some embodiments, provided herein is a method for preparing a plurality of cells
of a selected type, comprizing:
(a). providing a stem cell;
36 (b).introducing a transgene encoding an agent that induces immortality or an

onco-peptide that induces nmortality nto the conditionally immortalized
stem: cell to produce a conditionally immortalized stem cell; and
(c). inducing differentiation of the plurahity of immortalized a plurality of stem
cells {2.g., hematopoietic stem cells) to a plurabity of cells of the tyvpe.
35 [00994] In certain embodiments, an immortalized stem cell utilized in any method described
herein is a conditionally immortalized stem cell (ctht-stem cell). In some embodiments,

differentiation of 3 conditionally immortalized stem cell ccours under conditions wherein

0.



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 eFWF?PW‘@W@PSM&W&%ﬁﬁ@ﬁﬁgﬁdﬁ%“hﬁﬂbﬁd‘@;t/fé‘,i%eﬁ'lwﬁ’ﬁcyte, a natural killer

cell, a ngutrophﬁ;_i"az-gba;s@@m&f@measm_omhiIgca;ct_h@m@yﬁema)mazmpiaa_g&}?a)mmmin%yte, or the like
from an 'mm0fE%'A%ﬁ%%R&%’?%H'%é{}%!!XM&H8&@1"@%‘%&&%&?!& ;‘5%985QQSﬁ%@R‘%@fm@ﬂ‘éﬁz@(@ erythrocyte

i B

is prepared from an immortalized or conditionally immortaliZzed stem cell. In other specific
embodiments, BiifomBoEytEMEdissaret oM AT raize 4 BR S sHEm ARy T alized stem cell.
In some embodimé&nts: ey diffarentiaied eelqprepareshagepndingstomny-methed deseribadherein is an
anucleated cell e.g., an erythrocyte. 30100981. Furthermore,.selected types,of.cells prepared by
itterontiging T o b PRy hod described
herein include Y Faydsicrimmtinitn g eRantgs ngrapshidid i oesariter s sighspietlabts,
prolymphocytecfaivehieelisets helpencalls, natualkiler Qels«piataxic haoeallss memeay cells,
regulatory T celltls_‘,‘ d. T cellsg,_g)rogleanitc?r B (@I!ﬁ_, early pro-B cells, last pro-B cells, large pre-B cells,
small pre-B cells. immattre B eells. hature B cells plasmha B &efid memory B calis, B-1 cells, lymphoid
dendritic cells, €siraion neibickprégEnitdheetis surecrakarytbiasth dromieg dicayproblastdiat
megakarypcyteg:i{iQmhocies. RIoeRibroRlasisrebasephiligarvtroblasts. pelychrematic
erythroblasts, Q_rtho_ch%ogpatic erxthrob!a_s__tsi reticulocytes, ergth‘rocg/}les,‘ myeloblasts, basophilic
promyelocytes® BAsOPRTTEHY & SRALHRSSHHAR ety BErES Bééﬁﬁ]HTS{B‘ﬁﬁ'd cells, basophils,
neutrophilic prottpeldeytes mautrdphilics riyelobytasidnutroghilic drietamipelocytesy tnkeutrophilic band
_cells, _”eU”C_’PhHémQQ%}B‘tQQ@%kQ;R! %Mﬁk@&%@a ersineRhilic mysloevies. gggmgp@gl{ghgnetamyeIocytes_,
iUeosinophilic band cells, eosinophils, monagblasts, promonocytes, monocytes, macrophages, myeloid
dendritic cells, 4R HHASTEANS SRBIRAUVERT H SS B d R BHhEE Cmh MidralizetBr conditionally
immortalized stenyicellsdifferentiatéintocbis Gfndrd hneagesnsuch @st cellsfotepithefianliver, lung,
gastrointestinal, frach, Hrainy ﬁs@g@@%@iﬁ@lr@gﬁ% And;skin.[9999] In.seme, emhodiments, a bone cell

(osteocyte), cartilage cell (chondrocyte, fat ¢ [

‘ ( adlpocyteg lung cell, or the like are prepared from an
immortalized of EBRLRHEASIEHARBE S SEhcHyREPSsHiccall. MPanGils-eritfsdinkiElts, a neuron,

astrocyte, oligadendreayteliorathedikel isprepaned froman;iramariatipedeerconditionallydmmortalize
neural stern eI sams smbadiments. ERINAIRLGE!R (5 4. 60mAAne; 9@&%&“6 epithelium of a

3
tissue) are _prepareél_from an immortalized or conditionally immortalized 20epithelial stem cell. In
certain emboditBRIRR A SR B EHENTRE Srel TR SRIEUREHZSA ThiHEFtT2EY or conditionally
immortalized skinrstenzcel:cln some embgdiientshachainfolliculanicel:an epidetnialeall or the like

are prepared from an immarializsd ensansifenal immerialized follisylar siem cell

differentiated cell prepared according 1o any method described herein 12 an anucleated cell,
e.g., an erythrocyte.

30 [0e98] Furthermore, selected types of cells prepared by differentiating immortalized or
conditionally mmortalized stem cells according to any method described herein include, by
way of non-limiting example, Ivmphoid progenitor cells, lymphoblasts, prolymphocyie,
naive T cells, T helper cells, natural kaller Cells, cytotonie T cells, memory T cells,
regulatory T cells, v6 T cells, progenitor B cells, carly pro-B cells, last pro-B cells, large

35 pre-B cells, small pre-B cells, immature B cells, mature B cells, plasma B cells, memory B
celis, B-1 cells, lymphoid dendritic cells, common mveloid progenitor cells,

megakarvoblasts, promegakavroblasts, megakaryocytes, thrombocyies, proerythroblasts,
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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. ﬂ‘i‘sé’ﬁgﬂéfsﬁ@&’f;oﬂﬁﬁ?eWWéPéW&%&YHE“?%?éP‘s 6K G EMBine, including, an
autocrine cytokineBcatparachineyoytokinkslonanendoiripe cytbkines . l35Agents uiiizeckto induce
differentiation{g g3 ylekinel. Qucombiaiians of agents sumontionaliylise- . saecific

embodiments, agents (e.g., cytokines) utilized in differentiating immortalized or conditionally
immortalized BtaHPREIIS WG HEMBUEREI CBHEYHMGHES B Ivay SicrTshdiaikintrexaibie, one or more
of an interleukimgbyxkamiby raagig{ramitbphiicoughutl:a5 - amiptarfe o (k- Ny cadeukocyte migration
itory factoy (LMIE a%!gé*bz?n@@étﬂ&he'c?ﬂlﬁ’é hﬁﬁ?ﬁfn@f?x&lﬁo@%‘ nM.0.8M,,. RORIIR: Srythropoietin FPO),
thrombopoietin FIFIPOL trans orming growt factor beta (1GE 17), a tumor necrosisTactors (TNF),
stem cell factdrESEIe ARy e alshySinHREiNg fatto G SENGantseydistherophage colony
stimulating fagctea #er@SFnmasrephage eolanistimutatingctacton(M-GSE).hetanthremboglobuin, a C
family chemoki‘ne

X e%&%ﬁ%@ y,chen %‘;('E‘c%ﬁ%aﬁé& family, chemokine, & GX3G, family chemokine,
thrombocyte factor 4, & macrophdge Iinflammatory protein, a‘tumor autocrine mo ﬂlty factor, a

hepatocyte gri§iith fhctoncanbutoletikin baT wdll stippresserthctorch Bheadrissctivainy factor, an
ectodysplasingas fae-ligand pratein, Bx40:ljgancRANKIganc-a; Mnphetexnara combination

thereof (mon For exam le, in some embodﬁn nts, inducing. differentiation of an immortali7ed or
i -lmlT]OI'{f’i )I,?: d mesenc ]&1 Lstem cell, ﬁ:l' CCE‘IaﬁH cmbo ]I]"i.Cl][.ﬁ a I'].E{J]’Ul’] ;1stroc.¥te -
conditionally immortalized stem cell'to an erythrocyte or an erythrocyte progenitor according to any

method descrihediheieiry includie silcontactirrgd(&gn, .oulturing) ithe FCirndnortallzed ortdditionally

immortalized gtamy celhwith FERGhBriurtheesmbadimentsindecing differantiationef an immortalized or
conditionally immortalized stem cell to an erythrocyte or an erythrocyte progenitor according to any

Y
method descifBEA H¥Feih INEH I CORARHHE &g MEaRURHGS the TRiHOPEN 28 SF €ditionally

immortalized spehgiceHlwithell. In certain embodiments, keratinocyte or the like are prepared from an
immortatized 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.

#0106 In certain embodiments, an immortalized or conditionally immortalized stem cell s

i3
1

differentiated o a seiected type of cell in any suitable manner, In some embodiments, an
immortaiized or conditionally immortalized stem cell is differentiated by contacting the cell
with an agent that induces differentiation, c.g., a cyvtokine. In certain embodiments,
contacting the immortalized or conditionally immortalized stem cell with an agent that
induces differentiation of the immortalized or conditionally immortalized stem cell
30 comprises culturing the agent (or combination of agents) with the immortalized or
conditionally immortalized stem cell. In certain instances, cyvtokines 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.
35 Agents utilized to induce differentiation (e.g., a cvtokine) or combinations of agents are
optionally utilized. In specific embodiments, agents {e.g., cviokines) utilized in

differentiating immmortalized or conditionally immortalized stem cells {(¢.g.. hematopoietic
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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. 100169T ﬁ?%éfﬁ@‘iﬁstﬁh&é@ i t%@}ﬁaﬁiﬁ@*%@wﬁaﬁfy dfastarsrkals(@lg., hematopoietic
35stem cellsywitly anagentihat-ingduaes differentiation;aniagent thatindusesdmmortalization, e.g., an
onco- peptlde d/ortans ncodi ing an tlde /or ami-apqpt eptide, is excised
from the condﬁ%ﬁg giir%(r?llgé)?ff ’FI‘He %’tﬁem ce iﬁaféﬁloﬁcg om’ t‘gfg %?n@% immortalization is
achieved in amﬁ@vmnlértﬁh"ﬁn@rzhm@f@@h@wa%mﬁewaﬂ@@@mwaéé@r@c@w@ f4@1 031 In specific
embodimentscproniges Qﬁﬁﬁlﬂ sa.methed forproducingipdiaktydifferantiated gells, comprising:

(d). prowdlng a stem cell; (e). introducing a transgene encoding an agent that induces immortality or a

polypeptitie ﬁfﬁ?‘ﬂﬁﬁ’ﬂéé@fﬂ‘ir‘r%ﬁﬁf?y%lﬁfé”&éw&fﬁ%‘hﬁf?ﬁ‘iﬁﬁ”oﬁﬁﬁ%‘gﬁ’%fé‘fﬁ’ c&frtophoduce an
immortalizedrnocognditienalhy mmdstalizeckstevhCEll;, and- (Hontagtibgdifferantiation of the

mmonaizedgiaise] 1o thesaleaierve LoRl hALathIR el erbatiments the conditonally

immortalized stem cell is, by way of non-limning example, a stem cell, a mesénchymal stem cell, a
neural stem M‘@%%@ﬁ&rﬁé’rﬁlﬁiﬂp é*%t@&?ﬁ&?‘gt@‘d’béﬁﬂaad%%h@Hﬁ?ﬂl’fyi‘é”blt‘%}’gen|tor stem cell, a
skin stem celzasfollictianstenr-cell ackeletalmivscle stemicelhan esteoblasticgrecursor stem cell, a

liver stem cell, an, GRLYODic oSty hor el Insheciic smaimentafieplyelly of stem

cellshematop0|et|c stem cells) is o ined from aﬁy suitable source: For exampFe In some
embodimentd; 4PStEM BNl RsCOPRIREHRHBTTF the bone marrow, peripheral blood, umbilical cord, or fetal

tissue of an |mquzlualramsnpmﬁnuge@kJr@m@;awrﬁ@ﬂmt@m@eﬁtrat@tem Selhfromtheibene marrow,

peripheral blagd, ymbical.soid, o etal e, of g ndiidual In some. embodments, the plurality o

stem cells (e g hemat”op0|et|c s%f—i-?n E?QIILSC) are obtained y anesthetizing Hhé‘stem cell donor,
puncturing th@%’&t@rf@@@ﬂﬁ@?ﬁﬁ iflererdrakhenith 1a%é3étll‘e’,ﬂﬁﬁﬁlﬂﬁé¢f®rr‘?ﬁhgﬂasbihatlon of bone marrow

cells withya syﬁmg@&;lmgmr@mb@glimmtsﬁmecmu@!i&m&atﬁmm@eﬂJSf&axgr,Aammmetic stem cells) is
harvested fra CII‘CU ﬂﬂ%ﬁ'ﬁ%@; {}Ipdsome embo |ment§{1 e] eluraht fs em ce !i%) \g , hematopoietic
0

]0 I 1Z24 OF GO IIYHM QIS c
stem cells) |n][ Bne marrow are CO&XECP?O migrate rom marrow to Gircu 5%@’ in greater

numbers by ijettingthe Steinttei donoLeithr ac@ytdm.fa@, guchas g ranulbeytercolomjudtimulating factor
(G-CSF). In ceptaim,embodiments; the MMulaiity.f stemherls {8 Fmmortalized stem celt with
1L-3, IL-6, G-CSF, and £PO. Furthermore, in certain embodiments, inducing differentiation
25 of an immertalized or conditionally immortalized stem cell to a thrombocyte according to
any method described herein includes contacting (e.g., culturing) the immonahized 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 (¢.g., culturing)
36 the immortalized or conditionally immortalized stem cell with IL-3, IL-6, G-CSF, and
THPO. In some embodiments, cytokines, such as dexamethasone, B-estradiol, insulin
growth factor-1, and/or cyclosporin A, are uttlized in differentiation method described
herein.
160162} In some instances, prior to contacting the plurality of stem cells (e.g., hematopoictic
35 stemn celis) with an agent that induces differentiation, an agent that induces immortalization,
e.g.. an onco-peptide and/or transgene encoding an onco-peptide and/or anti-apaptotic

peptide, is excised from the conditionally immortalized stem cell. Excision of the agent that
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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 | 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.
Progenitoricel ¥ &y calls withzpéstric s giffé reptiatio i potential. Phieyiage prodtcied from a plurality of
stem cells (e.guchematonoieticsternaglls) 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 i Haato Iy BB BFogRANAr LRSS 4a 1 el oy R Eehe A ednai
embodiments, diffotpenitet cdlls @rerproduced according to any method described herein. 1001061 In
certain embodiments, cglls,prepatedRy,aay.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’cRAP4RTEISs UG Birferantatd s s st i Ca flmrEfibotithents, in order to
collect a plurality of erythrgeytesrthizttarenstibstantiaiy vpinelogousiduanols imethadscdre employed to
separate erythrocytes accarding.fapeiishans siza. eioht. ansior.yelume, Vasious separation
methods include, by way of non-limiting example, centrifugation, use 6f sorting machines, or filtering.
In certain embodiments, wFgh 2t%‘?minally differentiated products are not readily distinguishable from
non-differentiated cells it the cuttutefdherteiminally differentiated:productsarelseposatedrby the
presence Qf marker(s) spegifically associated with the terminally differentiated form of cell. For
example, in some embodiments, in order to isolate terminally differentiated macrophages, a culture
containing a MRt B ATt GHIRAdEE M AaliZEcP Bl COMBITBHAR STHRfoRaliZedvaterh 'eetis and other
progenitor cellsmairendreates avithfluorascent-conjugatedn(Jst antihadieste-identifinmacrephages in the
culure. In some, emaadments, e identiied macropnades are solgted;tg g hompgeneous
30population by the use of FA&% e’qument.yl(%l 1*In 'certain embo mEnPs, progenitor cells that
are not termin& differen prodtted sy ary of e seibtoc delderiisetchereir Foedkampte, in some
embodimintS,SﬁdﬂbﬁQESzﬂmzﬂsﬁdzﬁ ﬁ;ﬁﬂ&ai&aﬁchl!aé).dx-ﬁkﬁ@ﬂ@ﬁr&g}i%l%{&héﬂslﬂﬁé%%&&nf@%@_Eh;Qﬁa large o
quantity of erythrocytes is delivered reticulocytes or proerythroblasts prepared according to a metho
described heré:lcr{] ?g%/'%‘ué Aine fﬁt]\{/’iﬁtézllﬁféllgi’ c}f/’lgﬁf‘g <i}e?]r)gt %ﬁ?té‘é‘.‘ %r)lt]%c%’r' é%ﬁ gﬂ%%‘ﬂ%%h’ ,in order to
facilitate differ&éntiativhofiormiimmortalizid obeonditiomally mmoralizedesitgnTaddlisoto progenitor cells
][ather hthan lterm&eai&xgz@tffs&r@nﬁ@;ﬁqﬁ%l& gwﬁgﬂ%ﬁtﬁ[@ejegtjggbuﬁem%mm ﬁ\@%%ﬁ&% pof rlemoval
rom the culture me 1 are optionally adjusted. By adjusting these parameters, for example,
erythrocyte differan ?él%%ﬁ“ itsﬁd?ljreéné”t%rty Mﬁ*g%g@mﬁg Fgl\}’dgﬁi% S 5% ﬁzﬁkﬂﬁﬁeo‘f%f’ocrythroblasts
rather thai to thétensinalydifferentimtet ahythirodytes! iRtertiincembodimpritsicprogenitor cells are
identified and/gkisolated ip ARviRvitakle,mannel I csrtainamhogimentsidsqlatian jdgntification and/or

Oseparation are achieved b(}/, by way of non-limiting example, the use of FACS equipment
crest with a needle, dnd 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 bloed. In some embodiments, the plurality of stem cells (e.g., hematepoietic

3¢ stem cellsy in the bone marrow are coaxed to migrate from marrow to circulating bleod in
greater numbers by injecting the stem cell donor with a cytokine, such as granulocyte-
colony stimulating factor {(G-CSF). In certain embodiments, the plurality of stem cells (e.g.,
hematopoietic stem cells) is harvested from a human umbilical cord or placenta. In some
embodiments, the source of the plurality of stem cells (e.g., hematwopotietic stem cells) is the

35 developing blood-producing tissues of fetal animals. Tn humans, stem cells (e.g.,
hematopoietic stem cells) are found in the circulating blood of & human fetus by about 12 to

1% weeks,



some embodiments, erythrocyte progenitors are identified and/or isolated based on their ability to
attach to Ter-119 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 emboditHEh{s Thglticifg differepmbtidmeta ponditbrraiy rrmstalizédrstenpeell into an
erythrocyte oraqeegenitoftheresk comprises comtacting dheconditionaly.ized stem cell with
erythropoietinéﬂEqEQ. : L%lg I’_II‘in_t 0 g‘e_rt?lggpimentys, ipyd'ucing differentiation of an immortalized or
conditionally ifimortalized Stefi call {6 SH e thideyte b an e RRSCH 8 Brolehifct 4Ee8iding to any
method descritiett hetkirrcincludabreohtactingy@. grogultaring)rtherimmontblizett or-3Q@¢onditionally
immortalized stgggelluith EPQ ADifyither smbadiments . Jpducing differsntiatian.of an immortalized or
conditionally img.]ortalized stem.cell to an erythrocyte or an erythrocyte progenitor according to any

method described RERIRTRRIEHEY LBMARG Y et mHEY e IniRTbtAiZ88 or conditionally
immortalized dtemteptianithiG:CIE, andiERG: in sormeterfitbodimiéntsfinduieing diffesBntiation of an
immortalized o gorditionally. Saimmeralized.SIeM cell 1080 HMNIPAKLSQ1.AR SRYTHEQGIE Progenitor

according to any method des_criggd herein includes contacting (e.ﬁ_., culturing) the immortalized or
conditionally ifiSRATZES StEmTEE NIRRT ressaier Sl EB® A el SRIbJaIFRRA, inducing
differentiation @fn%ara_i%immamabigcmd@rcc@ndﬁimauge.mamqrdaiizedz@mm&iId@cﬁﬁc@rwmﬁcyte oran
erythrocyte pragelta asearding . malhad deactibad heseninelydes seaaing fe-0. culiuring)

the immortalized or conditionally immortalized stem cell with IL-3, G-C -6, and FPO. In further
embodiments, THUGCIARFE G FeAtERGPEPARCIFR Sftr 8 s Lot nBIN ermisttalzed stein cell to an
erythrocyte or@aanerythrotytednpragenitar-acconding tmany methad deseribeddiesein includes
contacting (e.gclithring) e mmortalized or conditional CI'«S?%?&EE%%G%%E%F?” with 1L-3, G-CSF,
cyclosporine A, and EPO. In further embodiments, inducing differentiation of‘an immortalized or
conditionally iffitgalizetdte e dfy SApnlosite bran erythdcyreprogaditorensesrding to any
method describedibereiichidescaniacipg (g waultuang)thelsimmadalizegd-ar.gonditionally
immortalized stem cell with G-CSF and EPO and one or . . e :

methods hciude, by way Of non-liiting example, centrifugation, use of sorting machines,

ot 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

25 termimally differentiated form of cell. For example, in some embodiments, in order to

isolate terminally differentiated macrophages, a culture containing & mixture of

macrophages, immortalized or conditionally immortalized stem cells and other progenitor

cells are treated with fluorescent-conjugated Gr-1 antibodics to identify macrophages in the

culture, In some embodiments, the identified macrophages are isolated to 2 homogeneous

30 population by the use of FACS equipment.

{60107} 1n certain embodiments, progenitor cells that are not terminally differentiated are

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 te a method

iad
il

described herein for sustained /n vivo production of erythrocytes. In certain embodiments, in
order to facilitate differentiation from immertalized or conditionally immortalized stem

cells to progenitor cells rather than terminally differentiated cells, cytokine selection,



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 ceII into a. thrombocyte ora thrombocyte

stem cell mto an erythrocyte or a progenitor thereof comprises contacting the conditionally
immortalized stern cell with thrombopoietin (THPO). '5 Il. 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 irfffeFtaRzes sterf &1 Ts dorteingadisontiionsimmsiorbaliret stiimtedll with a
compound; to detegting ommepsurng-iheefiestof thesempound-anithenstate-of-differeatiation of the
conditionally imm rta %ed stem cell; and no optlon I solatln nd chTractenzmg the compound that

COnRg: avoring the prodaction of awi@ al dn {1 e 1er] 4
was contacted wit el mmo%’ i’f stem ce |nt e Case't }i he fdentity of th Eompound is

unknown Wherﬁi’é@ﬁ{@éﬁ@é withrtisetitn i opradizadhistémad] o001 54 vy dEthesimmbetalized or
conditionally immedalized stenpcels,Aisclosgdiferehd dfnents, isolation identification and/or

10 scparation are achieved by, by way of non-limiting example, the use of FACS equipment. In
some embodiments, ervthrocyte progenitors are identified and/or 1solated based on their
ability to attach to Ter-119 antibody. Figure 5 illustrates differentiation of conditionally
immortalized & plurality of stem cells (e.g., hematopoietic stem cells) into Ter-119

expressing crvthroid progenitors in vitro,

Enrvthrocytes and Thrombocyvies
160108} Furthermore, provided herein are differentiated cells (e g, ervthrocytes,
thrombocytes or progenitors thereof) prepared according to any method described herein,
1061091 In some embodiments, provided herein 1s a method for preparing an crythrocyte,
2 comprising:
{g).providing a conditionally immortalized stem cell; and
{h).inducing differentiation of the conditionally immontalized stem cell into an
ervthrocyie or an erythrocyte progenttor.

00114] In specific embodiments, inducing differentiation of a conditionally immortalized

-2
il

stem cell into an erythrocyte or a progenitor thereof comprises contacting the conditionally
immortalized stem cell with erythropoictin (EPOY

(00111} In some embodiments, inducing differentiation of an immortalized or conditionally
mmmortalized stem cell to an ervthrocyte or an erythrocvie progenitor according to any
method deseribed herein includes contacting {e.g., culturing) the immortabized or

30 conditionally immortalized stem cell with EPO. In further embodiments, inducing
differentiation of an immortalized or conditionally immoertahized stem cell to an erythrocyte
or an erythrocvte progenitor according to any method described herein includes contacting
{¢.g., culturing) the immortahized or conditionally immortalized stemn cell with G-CSF, and

EPQ. In some embodiments, inducing differentiation of an immortalized or conditionally

lad
iLa

immmortalized stem cell to an ervthroeyte or an erythrocyie progenitor according to any
method described herein includes contacting (e.g., culturing) the immortaiized or

conditionally immortalized stem cell with 1L-3, G-CSF, and EPOG. In certain embodiments,



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
conditionalfy imPHBT i JEG SRR ER MERAMVRALER BENGELORYD stiaed tHha Cohditidnally
immortalized stepmeeliscantactedwiththecompouachintheabsence-of-anasiroger kereptor

modulator or igand, (g, lBmaxifen ar & ydigrtamoxiien), anihe glucqcerticold eceptor ligand (e.g.,
mifepristone). Thus, In‘these specific embodiments, the ER or OR is not activated and the My domain

of the fusion tupofypeptifie’ Fetniids Hentfdictioralb i senie Bmbodifisiesdietorditionally
immortalized call:comaprises JREMWEMyeastivateddy &I A of ETArepd thecangitionally
immortalized stem,cell s coniacted with. e compaund while i TRE My s Inacfivated. eg., in the
absence o tetr%lci?cﬁne in {he case o¥ ¥ ac Vated yc and‘in‘the preserf‘c%'@'f 8oxy]c line in the case
of rtTA activatetcNayer 254001 tinosoineninstariced srivrdbveontacting @ pluraliypofistem cells (e.g.,
hematopoietic gtemygglts) withR-comPaLRG N theserepmingmethods aagentithatinduces
immortalization, n onco-peptide and/or antiapoptotic

eggu,_ qq]co-ﬁeptiqeg d/or t[ﬁ]ns ene encoding an or g > ar
peptide, is excis@d HEM thE EORAITSA AT iRR S AIFEE St Lt ENERBH SF4%& Kent that induces
immortalizatiorriscadhievedinnatysditabledhannencindtadimgsia S0kacterialmscombinasesCre or Elp).

101181 In;certgin.grkodimentsithe.screendenidantfying comreourgs thatindyge differentiation is
done in the absence of EPO. In such cases, the compounds identified by the screen induce

differentiation P EBAditbHAMYINEHaNEY Stértcells (e.g., hematopoietic stem cells) to cells of
selected type, egizeirythrocytds,dvithmoupthe @sdistancea350hBEPQ pinpgome émbddinments, when the
screen is condugted: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. hematopoietiE-' providing a conditionally immortaiized stem cell; and

24 (j}. inducing differentiation of the conditionally immortalized stem cell into a
thrombocyte or a thrombocyte progenitor.
001131 In specific embodiments, inducing differentiation of a conditionally immortalized
stem cell nto an erythrocyte or a progenitor thereof comprises contacting the conditionally

immortaiized stem cell with thrombopaoietin {THPO).

25
I1. Screening Method
00114] In certain embodiments, provided herein are method and kits fordentifying
compounds that selectively induce differentiation of conditionally immortalized stem cells
(e.g., hematopoietic stem cells) by:

30 (a). providing a conditionally immortalized stem cell;

{b). contacting the conditionally immortalized stem cell with a compound;
(i detecting or measuring the effect of the compound on the state of
differentration of the conditionally immortalized stem cell; and

(6. optionally isolating and characterizing the compound that was contacted with

L
i

the immortalized stem cell in the casc that the identity of the compound 18

unknown when contacted with the immortalized stemn cell



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 Istél8ceer inbureTwifte restatopdsfe comditiehaty smotaliretsehareslls (e.g.,
hematopoietic.stem cells) 10 gels-of selectedtypeiesg:ibiombacytes withaut thesassistance of
THPO. In some embpdiments, when the screen is conducted in the absence gf THPO, expression of
the THPO receptor is disrupted. in‘other embodimants, the’s&redh is conducted i the presence of
THPO. When [THPDiscpresentbedmpoundstidertified dyithezlsoreeninigmettiodahodblate (e.g.,
increase or decigastl thenpetivity, af HHPR: J0AARI N sertaimembegiments, detestian.or
measurement of the effect of the compound on the state of differentjation of the conditionally
immortalized SEIH SAITLCRERBTEE By Sy SaRARd P EC IS TdRG S WAYSE non-limiting example,
gain-of-functiomsereéns! gene-expressibiacrd imitrGaniaytmalysis;dmmurdocytdohedistry,
labeled-antibagly d@ieclion ok Zomeasement of callular markers, HELG.anpfysis of cellular molecular
signatures, small- molecule fluorophore screens, and cellular functional analysis. 1001221 In certain

embodimentsS AL ESHBOTIHE REHAEEU I HYe EENEUSLOMIBFBY LUitibie Bidthtids known by
those of ordinamyskilbinithenartylesgin by mﬂidbmﬁm-ﬂhmitingiemanumggga@&hrmaﬁ@grap_hy, _high
performance lignid shyamatogranhy, flash, 20shiomatogranhy. MrediRitatign. and crystallization. In

certain embodiments, the compound characterized is characterized using suitable methods known in
the art, e.g., BPWBSP BN IK-FrRing eRampIe NIRARS AR, SHAh S epacab B spiarkurdythstallography.
1001231 in scmerembadiments; propided derain is keeampounchidetified-by any method described
herein. The cquipoundis,sntiiad by serseningodiidual Gompaynds,or AU RIcQmpounds. The
conditionally immortalized stem cell$ (e.qg., ematoBmetlE stem

specific embodiments, the ER or GR is not activated and the Myc domain of the fusion

26 polypeptide remains non-functional. In some embodiments, the conditionally immortalized

cell comprises TRE-Myc, e.g., Myc activated by tTA or rtTA, and the conditionally

immortalized stem cell is contacted with the compound while the TRE-Myc is inactivated,

¢.g.. in the absence of tetracycline in the case of (TA activated Myc and in the presence of

doxycycline in the case of tTA actvated Myc.

1B
]

[00117] In some Instances, prior to contacting a plurality of stem cells {¢.g., hematopoictic
stemn cells) with a compound in the sereening method, an agert that induces
immortalization, e.g.. onco-peptide and/or transgene encoding an onco-peptide and/or anti-
apoptotic peptide, 15 excised from the conditionally immortalized stem cell. Excision of the
agent that induces immortalization is achieved in any suitable manner, including via
30 bacterial recombinases {e.g., Cre or Flp).
{60118} Ln centain embodiments, the screen for identifving 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., ervthrocyies, without the agsistance
35 of 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 fe.¢., hematopoietic

37w



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 inducé différ@ritition OF & pfufality ©f sbernceeid (e ¢ Hematopdibtiemnsteimbaltsiiset fbeth herein.
islll. Methods ef:d reatmentinl QAR L Gels: preparechacerrding:io-anymethod herein are optionally

used therapeut} al y Or 8s Sources of ceus for re:Is_earch urposes. Enuc %’ﬂed Cell Dgficiency
. EIE- i %l Nooiner ¢ hﬁ} ey, the S%TCCH or Ci)rap yunds that induce dy .Cfi“@fi iation ot 8 .
Disorders 100 Iscloséd herein, 1h certain embodiments, is @ method of treating a disorder

20characterizetyity deficientls of anticleatedeteisreothprisingdadediniste rirgcapcaniicieated cell
prepared accopdiag toimethod disglosed herein.dBysamerempedimenis.dhg.diserder is an anemia

(e.g., aplastic anemia,xpé‘frniciou anemia,(}ilﬁ%?cgeficien%anemia, sickle cell anemia, spherocytosis,
u

M, HEPEUIER AEE Hetholy&is Ry dﬁékﬁﬁé?fﬁiﬂﬂ?ﬁebtg%ﬁfgﬁgﬁf?iEd)r nulocytopenia,

hemolyticigmemlaﬁfméﬁ
hemophilia, Hottgkin:d Wyrtighoma N onledgkins:imphomag (Baelt thrbnicclymphioma, Burkin's
lymphoma, Folliculasdlikeymphoma, diffused large B-cell lymphoma, multiple myeloma, acute myeloid
leukemia, pre-B acute lymophcytic, leukemia, pre-T acute lymphocytic leukemia, acute promeylocytic

leukemia, refral5H 1BOREHNATEr OIS SRS théredF tHEBREMMUANCEE TH¥Gisorder characterized
by an deficiendyfiranudleatedreet shregultscironT ({Fartialhuor fully) tohemgtherapyerinisdrive

30embodimenys, an.analratassekRIRFueRe by amripdHistansd ereinis eg-administered with
cnemotnerapy.
pyhemampnietic stem cells) to cells of selected type, ¢.g., thrombocytes, without the assistance

of THPO. In some embodiments, when the screen is conducted in the absence of THPO,
expression of the THPO receptor is disrupted. In other embodiments, the screen is
conducted in the presence of THPO, When THPO s present, compounds sdentified by the

20 screening method modulate {e.g., increase or decrease) the activity of THPO.
(60121} In certain embodiments, detection or measurement of the effect of the compound on
the state of differentiation of the conditionally immonalized stem cell is achieved by any
suitable method, meluding, by way of non-limiting example, gain-of-function screens, gene-
expression and microarray analysis, immunocytochemistry, labeled-antibody detection or

25 measurement of cellular markers, HPLC analysis of cellular molecular signatures, small-
molecule fluorophore screens, and celtular functional analysis.
(06122} In certain embodiments, the compounds contacted with the cells are wsolated by
suitable methods known by those of ordinary skill in the art, e.g., by way of non-limiting
example, gas chromatography, high performance fiquid chromatography, flash

30 chromatography, precipitation, and crystailization. In certain embodiments, the compound
characterized s characterized using suitable methods known in the art, e g, by way of non-
limiting example, NMR, IR, mass spectrometry, and X-ray crystallography.
[06123] In some embodiments, provided herein 1s a compound identified by any method
described herein. The compound is identified by screening individual compounds or

35 mixtures 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



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 ‘BEEEHENherbIEEGHIOHEI HShiducncenésiateestdibsrapiiandsor in a
supplementarystherapytite subjectLAwith: rareusisonsitions including, by way of non-limiting example,
anemia, neutr |a, thromocytopenia, granulocytopenia, Hodgkin's ly oma, Non-Hodgkin's
lymphoma, B 35‘??%1?%&% inm‘b%u%@h}frﬂétﬂ"r iﬁ-g‘) ylr%“ﬁ} Hrlﬁj ,éle%‘" ftgﬁ%rlﬁlixégﬁgr?%%rlﬁ%lfﬁiffused large
B-cell lymphond&faisuithole wiyetbrdinacutemmpdioit de hkepmiaors-Beactss lymophleytic leukemia, pre-T
acute lymphocyticileskemisnasuie o omeyiocylic leukamirideftactannlplewkemia al-cembinations
thereof D%HVG%DQI‘"CES.190129119 lls prepared.accordin 1t~ any. mgtppd d‘isc:lo,si d herein are
optionally administersd to PAtEnts asdelive 9‘%%?&1%%‘%8r°§$§6’ép{%&§ BFIREEF8eE 8 g., for therapeutic
or diagnostic purposesz@Ectexariple ckéyeduantagesotusing bells: preparescbyethbemethod
20described he&&a&i&ggmeéwhﬁp@mm@cMﬁmqusew&feraﬁﬂ@m&%weﬁyaia&m@ the transient
nature of the cells, the lack of genetic material in the fully mature, anucleated cells, and the tolerance

of the "self vest&P foV d&ikely BYFIE IympRdit toirgarthi&ftrom ontogeny. In some embodiments,
the polypeptide is a therapeutically beneficial polypeptide. In other 25embodiments, the polypeptide is
a diagnostic palypaptides ¢n ceitakhembodiments, a

[00125] Cells prepared according to any method herein are optionally used therapeutically or
as sources of cells for research purposces.
Enucleated Cell Deficiency Disorders

[60126] Disclosed herein, in certain embodiments, 1s a method of treating a disorder

26 characterized by a deficiency of anucleated cells, comprising: administering an anucleated
cell prepared according to 2 method disclesed herein. In some embodiments, the disorder is
an anemia (¢.g., aplastic anemia, pemnicious anemia, iron deficiency anemia, sickle cell
anemia, spherocytosis, hemolytic anemia), Gaucher’s disease, hemolysis, neutropenia,

thrombocytopenia, granulocytopenia, hemophilia, Hodgkin's lymphoma, Non-Hodgkin's

1.2
Ly

lymphoma, B cell chronic lymphoma, Burkitt’s lymphoma, Follicular-like lymphoma,
diffused farge 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
30 embodiments, an anucleated cell produced by a method disclosed herein is co-administered
with chemotherapy.
00127] In some embodiments, thrombocytes, erythrocytes or progeniters thereof are
administered to or transfused mnto an individual in need thereof, e.g¢., suffering from a loss of
bicod. In some embodiments, a patient suffering from a low number of a subset of myeloid
35 celis 1s treated by giving myeloid precursor cells to compensate for myeleid deficiency. In
certain embodiments, wherein an immediate transfusion is needed, large quantities of

ervthrocytes and/or thrombocytes prepared according to method described herein are

-39~



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 deFRPEEFLEIRR Basthas W patshe i todueme iia g e sediphEral blood of a
patient, wheretigcrumcproteasesawilh¢leavenand seleasethepegtidefromdthe:cell surface. Cells
expressing SeL%‘EE%‘%’;;BPJXPQeJ%Q%ﬁ&&me plasma membrane, including cleavable polypeptides that are
produced in the manner disclosed herein are vehicles for delivery of therapeutic proteins. For example,
in certain emb$tfitiientss Whelerpthiowytesdrd setiag vemicraeled protebaddenivenyckey advantages
include the trangientinattliecofihe appbrosyies . aapyencedad.pigiingihal theypgeliverjdhe lack of
genetic materigl confained i el mature. apupleated endrocyles, (e s of a.yssel for protein
delivery that is tolerated y |t3the" lymp o comﬁartment ront ontogeny, and abi |t3? to generate the
cells for delivefyimaAtienT00 L0 pRyéaitiice Hislime s ihap dlypépuigkisssdvawdeypreBeptor. in
certain embodimnemisnthg Aoy eReRIOL ISR EYRKINGFEaBPERE. IIM-5RME enhodiments. the cytokine
receptor is solyl?]lg.v In certain embodiments, the decoy receptor is IL3R-Fc, IL6RFe, diNF-ttR-FC,
ISIFN-aR-Fc, 67 BAPER B BB RGeS S S iSRS "5 O Bestide T A 15Kis. In certain
embodiments thetokins Tieintobdiphthdnd adsini{08 18 21omesbineielniyotimetitsctarpolypeptide is an
angiogenesis iphibitor. 1004831 0thekgmbodiments, a polypeptide is a proangiogenic factor.
Delivery Devices
[60129] Cells prepared according to any method disclosed herein are optionally administered
to patients as delivery vehicles for polypeptides of interest, ¢.g., for therapeutic or

diagnostic purposes. For example, kev advantages of using cells prepared by the method

l‘:‘)

described herein, e.g., ervthrocytes and thrombocytes, for protein delivery include the
transient nature of the cells, the fack of genetic matenal in the fully mature, anucieated cells,
and the tolerance of the “self vessel™ for debivery by the lvmphoid compartment from
ontogeny.

In some embaodiments, the polypeptide 1s a therapeutically beneficial polypeptide. In other

12
4

embodiments, the polypeptide is a diagnostic polypeptide. [n certain embodiments, a
polypeptide is not an onco-peptide. In some embodiments, a polypeptide comprises an
export sequesce and plasma membrane retention clement, such that the polypeptide in the
cel] or expressed by the cell is retained on the plasma membrane. In some non-limiting
embodiments, the plasma membrane retention ¢lement is a GPI-linked protein, CDS%, or

30 CDI16. In cortain embodiments, when the polypeptide in the cell or expressed by the cell s
retained on the plasma membrane, the polvpeptide further comprises a sequence that
factlitates the removal of the polypeptide from the cell surface, such as a proteasge cleavage
site. In some cmbodiments, the protease cleavage site 1s the substrate of a serum protease,

for example, a human serum protease. Cells produced in this manner are used to deliver

el
1

specific peptides 1o a patient by introducing them into the peripheral blood of a patient,
where serum proteases will cleave and release the peptide from the cell surface, Cells

expressing selected polypeptides on the plasma membrane, including cleavable
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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 polypeptitidvaARgisgehe<tEs Wiﬁ%ﬁ%ﬁ‘?ﬁ%tﬁ*é?‘%ﬁ&fﬁ%ﬁ%?’é BeNEHtderi 44 rg-angiogenic
factor and/or lywephangipgerstic. factorzane suchcellspradused by-a methaddisetosed herein is
administered tg patients to deliyer the polypeptides for the treatment of, for example, frost bite,

cancer related VBB o e e 3D e S S BTG,
polypeptide ind el efcexpressatiabiay el srotlaced blcarsioftientstibdndiselosed’ierein is a
vasodilatory peftide. duthisdnanagicpelispreduged bydhermethaddisslosadibeneinars,vehicles for
delivering the R]%o[tgin J%r the treatment of) \/Ia}g,g:u!egr %%rg?ttricgtiqp dqrting] camr](iigie%g i(rilff(gtipn, child delivery,
or migraine headaches, ‘51081411 in Sther embodimants? a polypeptide is an antigen. Cells produced
by the methodvdisclosed herein that express an antigen are vehicles for delivery of thetigens to
produce an imgmune KesReNseLeRk42] IR seme.ambadinenisedsd calls.amedalieiedda patients in
conjunction with tf%ll-_likq recep,tqr Iig‘ nds (TLR [inQS in ord(qs.r to boost life-long immunity. in[00143] In
still other embBGiRSERE EHBIVHEPHAE IS HBrotedse T SBRAHEMb SHimENte e BiSthase is specific
for fibrotic tisssigshiin. @émbolitic:niassesntn e dainyemibodiménts, - for éx&@nipléNdellskproduced by the
method djscloged Qﬁggépd‘.{h@%g@(g{ggfs 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 Ini8Yaie ‘eribodimanisicatpolypeptiialis et resepto cfopia vrbrdifesbnie émpotiments, cells
expressing virglrecepiorsprodused by the method disclosed herein are administered to patients to, for

example, decrease viral load equestering viryses from.their natyral target cells.
P |'l.3ﬁ‘13§] \fn some em%gd?mgms, a poﬂ%cpu £ 15 an angrogenes:s mhibitor. 9

[#133] In other embodiments, & polypeptide is a proangiogentc factor,
200 |80134] Instill other embodiments, & polypeptide 1s a lvmphangiogenic factor.
[08135] In further embodiments, a polvpeptide is & vasodilatory peptide.
[06136] In other embodiments, a polypeptide 1$ an antigen.
(00137} In still other embodiments, a polypeptide is a protease. In certain embodiments, the

protease i specific for fibrotic tissues in embolitic masses.

T
LA

[003138] Tn some embodiments, a polypeptide 18 a receptor for a microbe, e.g., 4 virus, a
bacterium, & fungus, a protozoon, or 4 parasite. In some specific embodiments, the microbe
receptor is a genetically modified microbial receptor that out-competes endogenous
receptors for the microbe due w a higher binding affinity for the microbe.
[00139] In some embodiments, a cell produced by a method disclosed herein is a delivery
36 vehicle for a polypeptide angiogenesis inhibitor. [n other embodiments, a polypeptide is a
pro-angiogenic factor and/or lvmphangiogenic factor, and such cells produced by a method
disclosed herein is admintstered to patients o deliver the polypeptides for the treatment of,
for example, frost bite, cancer-related vasoconstriction, or rheumatic arthrits,
[00140] In still other embodiments, a polypeptide in a cell or expressed by a cell produced by
33 any of the method disclosed herein is a vasodilatory peptide. In this manner, cells produced
by the method disclosed herein are vehicles for delivering the proteins for the treatment of

vascular constriction during cardiac infarction, child delivery, or migraine headaches.
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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 |. 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.qg., erythrocytes
or thrombocytes) is achieved by the use of bioreactors. In certain embodiments, the bioreactors 30are
flow reactors oPBALEH [EETBRYHRPRTilE BrRBIUimEAterfigt restsrediraddsntin ¥ low reactors or
batch-flow readtanssdnicertath-embadimentsySyanthesislin évrdactorisfachigveddyy seeding a vessel
with an immortalized T .GONG itionally immortalized stem cell population. In some embodiments, the
immortalized or conditio arfly'immortalized stem cell population is induced or allowed to proliferate
(e.g., due to pr8HBtidhseresiriad BaRAvaIcBS ianiiy LRty proferBtioneatised sy @iholypeptide
therein). Onceiasuffiglent gepulation (e.gis)at least 0 Hokg litekgad Orkginar 100 kg) of immortalized or
conditionally immortalized stem cells.are prepared, the.conditionally immortalized stem.cells (e.g.,
mematopaioic Ml e i Eo e i SRS bt eSS SR e
conditionally irAPiertaliz Sepafentalsors. Bssite MampoiEtestath belisitn tmedasie &alls, e.g.,
according to agy:mathedideserbechereinedhcaralnembedimanig.the differentiates gells progenitors
andlor termina’tjg differentiated %ecil.sl)_ desired are then col ecte(d.ﬁiOyOl%lii‘rnr%?rt lized or conditionally
immortalized stem celi§'Gedthibéd heréin ar capable Wor baNG cryopredaieé G(ge(.:g”.{, for less than
about | day, aoumdtgayr abodt2 dayskabout® taysravbung days, about 5 days, about 6 days, about
7 days, about guweeksaRouki3,weeks, aBOYhd.ROMA -akauk manths 1abowt 4menths.about 6

months, about 8 months, about 9 months, about 12 months). This feature allows for convenient
on-demand syMHESEor A SSIBLISEFRTE BCKifE B I argao8 e iR AP B ATB I ERY
immortalized aratiboondifionadpimmonalized:tend celsiare pracessed ttormehsovetting imgaortalization
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

megakaryoblaf A d B65rELERIES TorTHEamtE BYEY ’?%H’b‘f"fﬁr‘gfffb}fi'&?{é’g?‘f@’ﬂ"‘4@i Provided in
certain embodimenptsinefeindsiandiactonsystes scomplising:. hematopoietic stem cells) —

macroscopic view L Figure 7 illustrates reconstitution of erythrocytes in vive after lethal

irradiation by transpliant of conditionally tmmortalized stem celis (e.g., hematopoictic stem

cells) — macroscopic view 11 Figure 8 illustrates reconstitution of erythrocytes in vive after

lethal irradiation by transplant of conditionally immortalized stem celis (¢.g.. bematopoictic

23 stem cells) — microscopic view of anucleated erythrocvtes,

IV, Bigreactors
46] In some embodiments, praduction of differentiated blood cells (e.g., erythrocytes or
thrombocytes) s achieved by the use of broreactors, In certain embodiments, the bioreactors
30 are 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 1s
achieved by seeding a vessel with an immortalized or conditionally immortalized stem cell
population. In some embodiments, the immortalized or conditionaily immortalized stem cell
population is induced or allowed 1o proliferate (e.g., due fo promotion of ceilular survival,
35 viability and/or proliferation caused by a polypeptide therein}. Once a sufficient population
(e.g., atleast 0.1 kg, 1 kg, 10 kg, or 100 kg) of immonalized or conditionatly immortalized

stem celis are prepared, the conditionpally immeortalized stem cells (e.g., hematopoietic stem



(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.qg.,
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
30prollferat|on of the condltlonalrxgmmortallzed stem cells (e.g., hematopoietic stem cells). In some

embodiments (S R EERTRFHE b SR A BB PR IHEHL BRI R D PEGIRHES the
communicatiomipetweenitherredttiorn: véssel-andithe feedby vegsaelcand bekween dherBagtion vessel

and the downstream, barvest LRAGISL A Sertain suRediments g songitionally immortalized stem cell

is produced by contacting the condrtronal immortalized stem cell with a Myc gene or polypeptide and
optionally a BETSHErié ‘(“‘é0réC’B’”éF‘ﬁli’rgﬁg@%WéﬁC%F‘ﬂtheBﬂH@“ * St efbodiments, the
conditionally immnentalized:sitera eelbigipradiceshhy dontacting dhedeanditininaty immgrialized stem cell

with Myc G Shisinniens.oc tusian pelvnepide A onionallya Bel- 8 geas g1 pRgoptide. n cerain

embodiments, the agent or inducin ;rol eration of a plurali ty of stem cells (e.g., ematoporetrc stem
cells) is, an es‘fﬁé@é‘ﬁ"r‘éé‘e‘fﬁ@r PReHuAter ‘I‘H‘%‘ém‘e‘?éhﬂ?%‘"ﬂw% dﬁﬁ’étég‘e?%feﬁkiﬁﬁf&c‘iﬁ’glﬁrfferentratron

of the conditiogtally 1mmeht&§mad%stemmeﬂa}(@rgmcﬂamamoreﬂslﬁhemrﬁeﬂs);ﬁmeiytm@gwes is 1-3 and
EPO. In certain embor%lme s th%r;?1 nt or |ndLhC|ngfd|fferentlat|on %f the |ona immortalized
ni O C

1 il s {
stem cells (e.qg., - hema 8%0|et|coste ﬂsfdt{g{t ‘rombocy es'ia TL- i’_l“§ xample |

1001501 Flgur'él‘FMﬁlﬁfslt?aré%c’é*s’@ﬁéﬁﬁ%ﬁr@%@pr%@?ﬁ@t%’r@@(ﬁmﬁmﬁmﬁﬁﬁﬂ%ﬁ used to transduce

primary maring r$% celsimith-AlCERaNdIBel-2roVatiantsrohthe mM%QMrQegKmn%@Le generated to
encode the cDNAs fo}r human AIYG ar Bc]d ltZfas. well as an 1RE? element and %orter gene
I' Htte | ﬁ 17¢

e CTYODTESEIVE ereplialion. 1n some it un {H’{ Qr
(EGFP). The resu‘iﬁng Viruses genera e DICIStTONIC transcri pts'suc e’level’o reporter gene

expression correl@rte@Wrrhmh@ﬂ@izert‘bﬁméxbréesqidrﬁursfmth@mstommxmgxu|fei leBaitiulstrates Flow
cytometric anglyses:RlBRESnd cryopreserved for immediate production of thrombocytes.

[06148] Provided in certain embodiments herein is a reactor system, comprising:
20 (kj. feeder vessel comprising a plurakty of conditionally immontalized stem cells
{e.g., hematopoietic stem cells);

{11. a reaction vessel comprising a phurality of conditionally immortalized stem
cells (e.g., hematopoienc stemn cells) and an agent for inducing differentiation
of the conditionally immortalized stem cells (e.g.. hematopoietic stem cells)

23 1o erythrocytes or thrombocytes, wherein the reaction vessel is in
communication with the feeder vessel; and

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

(001497 In certain embodiments, the feeder vessel further comprises an agent for inducing

30 proliferation of the conditionally immortalized stem cells (e.g., hematopoietic stem cells). Tn
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. 1n certain embodiments, the

conditionally immortalized stem cell 1s produced by contacting the conditionally

Led
A

immortalized stem cell with a Myc gene or pelypeptide and optionally a Bel-2 gene (ie, a
Bel-2 transgene) or polypeptide. In some embodiments, the conditionally immortalized stem

cell s produced by contacting the conditionally immortalized stem cell with a Mye-ER



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 30bo®' &t o et iipiE A aH aall St é B1tnd ARG Sr Bstabtidhing a
conditionally immodialized:hemaiopoieticestemcetrine, the detisiyniformly eixpeass high levels of GFP,
predominantly, express.Hiah Ievels af gt and.Seast. andde.not.express fllig: GR3d.or lineage
markers such as CD19, B220 (shown in the Tigure), or Tﬁy_l.z, Mac-I, Gr-1, Ter-119. Finite | E
illustrates FACE Hraly_ieGratSrigmsrany ifnrondlizet 3STRERTHGEIEEE stnicel line that has been
established. Qneaitheiconditiorally immanalizedhemnaiopereticsieinicelhlivg isaxpanded and
cryopresemed, it retains a.stable surface notype.that is represented in panel B. These cells
expross Hah Eavaa 1 e B R R e egatve ror Fikc2
CD34, B220, OO prtHe biherlindade markeies (tHi13 20O PRac-1, 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 phenotyRarigyre 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* &'marrow stem cells are obtained from wild type, unmanipulated C57/B.L6 mice.
The cellsiare gtaiFed with ahiibodies tosc:kitaseadydtk:2;@and €D34;in@rderitaicdmpare the
expression levels gf the:matkerproteins Ay.nomah He&s.anekin the,efit-hematapeiatic stem cell lines.

Example 2 iS[00151) Figure 2 illustrates analysis of cionality of conditionally immortalized
hematopoietic’ &R EeIiBES By Pe Rl Cation P ratswi A ih<dhts s e Edigte*genomic DNA
from normal boes riatronaae ke gbtaines frmn e D TiB Leymigeyiars ko tne: parentalccell lines, or seven

cell ““es_qe”"f?aquéﬁms g5 qeflGlones ol the parental cell ines, Lhe Integrated refroviral insertions
are amplified with a nested two-stage P(;FQj proc_edure. Lane | shows the pattern of normal C57/BL6
cells. Lanés 253AE S sholbthérpatterh Steet oA iftserAiohsy inmatitierstarcellHidfes. Lanes 4-10
show the pattesmpftetroviralinsertions docell dinesiesiginally-derived frar single: ek clones of either

parental cell ling, Like, the:parental [ines, clonal popylations are able to rescue mice from lethal
irradiation and give rise to ﬁematopmetlc?lneages. xample 31061551 Elgare iilustrates the
characterizatiSrof stareimmiie cas tRat ahee failetiy iradiated mice arc ransplanted
with 10° HSCs that have been transduced with pMIG-MYC.ER and pMIG-Bcl-2. One week
25 after ransplantation. the mice arc given weekly injections of 40HT. The curve represents
the percentage of surviving mice at a given point in time after the 4OHT injections began
(day 00 in 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
1D iflustrates FACS analysis of a ctit-hematopoietic stem cell soon after recovery from the
30 bone marrow of leukemic mice. At an early stage of the method of establishing a
conditionally immortalized hematopotetic stem cell hing, the cells uniformly express high
levels of GFP, predominantly express high levels of ¢-kit and Sca-1, and do not express Flk-
2, CD34 or lincage markers such as D19, B220 (shown in the figure), or Thyl.2, Mac-1,
Gr-1, Ter-119. Figure 1E llustrates FACS analysis of a conditionally immontalized
35 hematopotetic stem cell line that has been established, Once the conditionally immortalized
hematopotetic stem cell line is expanded and cryopreserved, it retains a stable surface

phenotype that is represented in panel B. These cells express high levels of Sca-1, but have
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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 n one mouse exemplary o each within a c_c_)héirt?of.\five. Figure 38 illustrates detection
of GFP+ myeldf 1 eage el i thE Pan& AR WA StdMed bone maftow: ¢ensrer Mac-1 and Or-I.
Panel B showsthatlwhite metatt ofithie royeloitkedlS fouitd inthebonémaniewaf cbchimaeric mice
express the ret@xﬁ@#b&%@@&mJgpﬁw&%r@@@@f@&é%Eféj%ﬂamrﬂgpodﬂﬁgﬁ}?a@ apd heneeare derived

S

from the etit-hematopoietic stem cells. Figure 3C illustrates analysis of peripheral. mature lymphocytes
in the spleen. SpfelHS HBMThMert ke widie BIsATGZEd By HEK Ty toriBt FoPMSTuAE ™ and B cells.
Panel C showsithikephesemee, oﬁﬁ_ﬁ@@al&éﬁ é@H&ﬁh&aﬁ@t&&kﬁhﬁll@%ﬁhﬁﬁB@h}g@pﬁsﬁw. In additio_n,
panel C also shgue (e deiecionof (I B cals ol arprassia,ans (R o el guriace. while

the frequency of mature T-cells in the spleen is comparable to what is found in wild type,
unmanipulated €5 BB Hidac FidsdeveRprasihoredns 1 defayed -Eifure st ftdétrbtes analysis of
peripheral, matuter ymphpeytes irpransplentiredipient: raiee-fatiowing dhe.sEconRd:sarakpassage of
conditionally i@@_%E@Q%%doég%rptgﬁgp&ﬁti%{\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 re&dgie%Ss and wild type C57/BL6 mice, are compared. Panel D shows the presence of

mature CD4 o8 singlepasitiveTaRaik Tcelsintbespleansiat anfrequensy simibantainormal mice.
CD19+ 12M+ and | - B cel e present, albeit at.a Jower frequency; t 1an in Norm; ice. :tiExample
4 001531 Fig R D e L AR e HBAAT A By e S,
Transplantationosheonuiizaaily irnobtalizddrhematapeictic stencelly aloredows hoeconfer
radioprotection pasttheisfisinduged hyiloss of erytbroevtes. KaplapiNayensurnyvivaleurves for cohorts
of mice that are_tlethal}ynir_rgdiaf[ed and}.gjv n.Hansﬂgﬂs qon(sis[gi&] of 103 or 105 1(:(_e]IIs from two
different conditionally immortalized hematopoietic stem ¢e ﬁdffﬁes'l?c%rﬁcd?ﬂ%’ﬁahf/”ﬁnﬁ%)r\fzﬂ i7&d
hematopoietic mtesm cékomebhditidhaiy immorndlized hbmatopoietic stermoatlizpomliofthe cohorts

consisted of 1Q,mige,and hese animals wnifarmiy: 9&%&95?@:%%‘1%@@&@{%1%\4@ alsqepresent the
mortality cures of Iv‘\%)gc h,ortf of mice thaII' are leth Il_}liirradiated an? given 3x10) carrier whole bone
| .

marrow cells 30HEPRS O RAGLIT HiicE HiohE With 1 ROt SHAIT M HbHAIZES AeliSmpoietic stem
cells from eitheiweelltimelaTive echbktsconsisted ofr3diriide resich:andhthevanmimals remained alive and
healthy for up tQ.8.manths afterdransplantation.
25 Exampic 3
001523 Figure 3 iHlustrates the characterization of mature immune cells that arise following
transplantation of ctit-hematopoietic stem cefls, Figure 3A ilustrates frequency of cells
derived from ctlt-hematopoietic stem cells in lymphoid tissues after transplamtation, Cohorts
of C57/BL6 mice are lethally irradiated and given transplants consisting of 10° ctlt-
30 hematopoictic stem cells and 3x10° carrier whole bone marrow cells derived from Rag-17
mice. The cells thet 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 tymph node
of chimaeric mice are represented in panel A. These histograms are derived from the organs
35 in one mouse exemplary of each within a cohort of five. Figure 3B illustrates detection of
GFP+ myeloid lineage cells in the bone marrow. We stained bone marrow cells for Mac- 1

and Gr-1. Panel B shows that while not all of the myeloid cells found in the bone marrow of



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. [O0Hamamori, et al. I. Clio. Invest (1995), 95: 1808-1813.
Briefly, a tvo-StEFHEPREEORT S Ferorivad orerd ek sl halk i riidsT Afdntid i the mice is
confirmed by measuringhematoeitlevels:-Theamariality:cate-0f raigersreceiving.admimigitation of
erythrocytes preduaed by, methad disclosednerein.is,comeared o ne morality rate of mice
receiving the ca rief for the cells Alone in order t determine the e icacy of administration of
iserythrocytes*liselesay faveifor thdtfeuitent:of dhetia rasUitiy ol repPfaifire. 1001561 While
preferred emboditpntscof the presert vestionhavedbeanishownianddesailbedberains it will be
obvious tg those skilled in | at.such embodiments, are provided by way of example only.
umeroLt var s e EhA G s s A b B SR P e art without
departing fronirsecivartionur Skslitdioauntienstonipaablaiiods altérmadivesis tiwe. embodiments of
the invention dgseribedbereinis employeddn nrmeticing the-inveatingdtisitensied.dhatihe following
claims define the scope of. tpgraiipvention and that methods and structures g,ﬂ\(/}\ﬂthin th%escope of these

claims and théit eyci‘lﬁgivafécﬁ!ps Ba c‘%@‘é?é&fﬁ%’r%‘ﬁ’ff‘ i transplant recipient mice following th
second serial passage of conditionally immertalized hematopoictic stemn celis. Spleens are

15 collected from chimaernic 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 C37/BL6
mice, ure compared. Panel D shows the presence of mature CD4 or CDE single positive
TCRaf T celis in the spleens at a frequency similar to normal mice. CD19+ JgM+ and IgD+
8 ccllg arc present, albeit at a lower frequency than in normal mice,

20 Example 4
{86153] Figure 4 illustrates long-term rescue from lethal irradiation by ctit-hematopoictic
stem celis. Transplantation of conditionally immortatized hematopoietic stemn cells alone
does not confer radioprotection past the oris induced by loss of erythrocvies. Kaplan/Mayer

survival curves for cohorts of mice that are lethally irradiated and given transplants

1
Ly

consisting of 10° or 10° celis from two different conditionally immortalized hematopoietic
stem cel lines {conditionally immortalized hematopeietic stem cell or conditionally
immortalized hematopoietic stem cell. 23, All of the cohorts consisted of 10 mice and these
animals uniformly died of severe anemia. We also represent the mortality curves of two
cohorts of mice that are lethally irradiated and given 3x10° carrier whole bone marrow cells
30 derived from Rag-1"" mice along with 10" conditionally immortalized hematopoietic stem
cells from either cell line. The cohorts consisted of 3-4 mice cach and the animals remained
alive and healthy for up to 6 months after transplantation,

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

method disclosed herein

35 [00134] 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) 1n a suitable carrier. The sccond group of mice (the control mice) are
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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 Bcl-2, Bcl-X, or a combination thereof; and 1Sc.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 Mycsmolgaglg.has @ﬁ@%@gmgﬁ%ﬁ befare flifferantiationne JLhe.mepthad af.Glaim 1, wherein the

cytokine that directs differentiation toward anucleated cell is 1L-3, EPO, or a combination thereof
203.The methSABEERIN T HRGRR HESRAT ABIEITAIY CMPEM IR L€ IERAP a combination

thereof. rescue the mice from anemia.

Example 6 — In vivo treatment of anemia in a renal fatlure mouse model

i00155] Anemia 1s induced in a renal failure mouse model, as reported in the literature.

10 Hamamor, et al. /. Clin. Invest. (1995), 95: 1808-1813. Briefly, a two-step nephrectomy 1s
performed on 7-8 week old male nude mice. Anemia in the mice is confirmed by measuring
hematocrit fevels, The mortality rate of mice receiving administration of erythrocytes
preduced by g method disclosed herein is compared to the mertality rate of mice receiving
the carrier for the cells alone in order to determine the efficacy of administration of

15 erythrocytes disclosed herein for the treatment of anenma resulting from renal failure.
ip01561 While preferred erabodiments of the present invention have been shown and
described herein, 1t will be obvious 1o 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

20 understood that various alternatives to the embodiments of the invention described herein is
emploved i practicing the mvention. 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,
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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 firgt vggigr and the second vector is MSCV-
(IRES)-GFP, and further comprises woodchuck hepatitis B virus RNA regulatory element (WRE). 10.A
method of pro&ﬁ“&%bfﬁ S}tﬁ‘é Fanueleated cells, comprising culturing conditionally immortalized
stem cells in the presencé«dfdptepstanerbytoking thatldirectsidifferentiationtowsard an anucleated cell;
wherein thecond't'0Q%uxim%xrﬁrﬁﬂl%&qaﬁ;%mf%ﬁl'égrfe generpied R AfR.coniaetng fparalty of stem

H e
cells with an exogenously synthesized first peptide comprising: a MYC molecule that translocates to a

nucleus; b.contactirftytre StEFEENewWRIY A BxByesHEs mprising: Bc1-2, BCL-X, or a combinatio
10 wherein the conditionally immonalized 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 Bel-2, Bel-X| or a combination thereof; and

15 C. culturing the stem cells with IL-3, IL-6, stem ccll factor, thrombopaietin,
Fit3 hgand, or a combination thereof;

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

2. The method of Claim 1, wherein fhe cytokine that directs differentiation toward an
anucieated cell1s [L-3, EPO, or a combination thereof,

23 The method of Claim 1, wherein the MYC molecule is ¢-Mye, -Mye, n-Myec, s-
Mye, or a combination thereof,
4, The method of Claim T, wherein the first vector further comprises the hormone-
binding domain of the human ¢strogen receptor.
3. The method of Claim 1. further comprising inducing translocation of the Myc
23 molecute to a nucleus.
6. The method of Claim 1, further comprising contacting the plurality of stem cells
with: estradiol {E2), 4-hydroxytamoxifen (4-OHTY, or both.
7. The method of Claim 1, wherein the first vector, the second vector, or both the first
vector and the sccond vector is Murine Stern Cell Virus (MSCV), or a derivative
36 thereof.
8. The method of Claim i, wherein the first vector, the second vector, or both the first
vecior and the second vector 1s MSCV- (IRES)-GFP, or & derivative thereof,
G. The method of Claim 1, wherein the first vector, the second vector, or both the first
vecior and the second vector 18 MSCV- (IRES)-GFP. and further comprises
35 woadchuck hepatitis B virus RNA regulatory element (WRE).
10. A method of producing a plurality of anucleated cells, comprising: culturing

conditionally immortalized stem cells in the presence of at least one cytokine that

dirccts differentiation toward an anucicated cell:

wherein the conditionally immoertalized stern cells are gencrated by:

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

AR



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. Il 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 contactirg}g the &Iuralictiy stem h: estradiol 4-h og’g%mgxitfn (4-OFIT), or

both T ih bocy Tiact U%Ic STem rgﬁllsls '\Qflfi‘lt&il CXR LTI (&ﬁﬁ%}ﬁi}e—{} %\rﬁ] BB‘)H e q
oth. 15 A thrombocyte pregaledaceaiaing (o the, meflidd ohbialin 1o f rGinbicite prepare

according to the method of Claim T0. 17 An erythrocyte prepared according to the method of Claim 1. |
K An erythrocyte prépareofj'&&&ﬁ‘f%ifﬁ@%@ﬁé%é’tﬁb&é Erdintern oA dthoePoiteEting a disorder
characterized by a deficiendy BFEHUCIEASEPERIS™ dbHiSFising: administering an anucleated cell
prepared accerdindg¢wiClairfirkt 20 amethod of freating @ disorde cohbractdrizedby:hzdeéficiency of

anucleateg cells,,cemisingsadminisiering an anucleated cell prepared according to Claim 10.

1. The method of Claim 10, wherein the first peptide further comprises the
hormone-binding domain of the human estrogen recepior.

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 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-OHT), or both.

15, A thrombocyte prepared according 10 the method of Claim 1.
20 16. A thrombeeyte prepared according to the method of Claim 10.
17. An crythrocyte prepared according to the method of Claim 1.
1R, An erythroeyte 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 1.
25 20. A method of freating a disorder characterized by a deficiency of anucleated cells,
comprising: administering an anucleated cell prepared according to Claim
14,
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