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WO 2004/078917 PCT/1L2004/000215 EXPANSION OF RENEWABLE
STEM CELL POPULATIONS USING MODULATORS OF PI 3-KINASE 5
FIELD AND BACKGROUND OF THE INVENTION The present invention
VR T Hethods of expansion of renewable stem cells, tgg(brath&g%oozls
populations of renewable stem cells and to their uses. In particular,
ex-vivo and/or in-vivo stem cell expansion is achieved according to the

[ERIEANISIGRYOR REAaWeEvIRteRR - BhPSPARIGY INPRIRIS Kingss (P!
3 10 kinase) &gnaM&BZi}g% f{g ﬁg ii tg% F])EEO ein level' via PI"3- se
inhibitors, such as, e ?IQ I %E294002, or at the
expression level via genetic engineering techniques, such as small
interfering RNA siRNA, b and antisense techniques. The
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Eltad i SIAENESINE I iEANplications in which 15
theseypetgds aRA/AF the-SXRANASH SIS

ya)
Is populations obtained
thereby are -utilized. An increasing needﬁ#o?r)%el% I:\i/%%%ﬁa?ggnoefwa%?e stem
ceHantatopriatiedandmietiore naf opnéstisbhteviene sl hasrarise hi Ragiculpy
P L %;poses such as stem.cell expansion and retroviral-mediated gene
|

ransdaction. MATGYs by §EnFEIRG SRR SR FBS vrd rssredms tip
thelptesdnirerpriseditiowrrapid desline é@ﬁé%ﬁhaﬁéﬂhﬁfae{ﬂ@%‘?@ﬁ%vtﬁ3-

. further resulting in a markedly impaired self renewal potential an

king nﬁ’s,%?élﬂl%ﬁfaﬂéﬁ%véfﬁﬁéb%%f%eﬁ@mmt@@ ¢egpopulBliGHsnaskeanhis s

sud %&lh%t ds.is,phvious. ipionall lications in gene . .
ﬁe%gggff using retrg\%ral vectgérgiél&e%%%%i{'g% ’tﬁ% §‘§§1 8f€6(|%rlﬁgesrlgﬁr?§‘ff% via

EChRiffaiioRsatinge teciisiuest requlireathanthiéseetisiamatiNAe (siRNA),

ribY 'fgrgﬁl&ia}}ef‘%ev%%ilgaé culture, in order to maintain long-term expression
of the transduce gene. Hﬁ%?'the ability to maintain ex-vivo cultures of
heniBhepeistattndseimRABEREISHS HIOR GOLRIPHMINNS W, which
long-term, self-renewal capacity is of critical importance for a wide array

these Msthods i bt eapphéad simnaslbrasentiyiangebisiondfrenbwatde

utiftesn cells have been achieved either by growing the stem cells over a
feeder layer of fibroblast cells, or by growing WO 2004/078917
PCH Pougmeog 1sed for ex-vive cultures of hematopoietic and non-

~ hematopoietic stem cells has arisen, in particular for purposes such as stem cell

expansion and retroviral-mediated gene transduction. Methods for generating
ex-vivo cultures of stem cells to date, however, result in a rapid decline in stem
cell population activity, further resulting in a markedly impaired self renewal
potential gnd diminished transplantability of the cultured cell populations. The
need to improve such methods is obvious. Additionally, applications in gene
therapy using retroviral vectors necessitate the use of proliferating
hematopoietic stem cells, yet require that these cells remain undifferentiated
while in culture, in order to maintain long-term expression of the transduced
gene. Thus, the ability to maintain ex-vivo cultures of hematopoietic and non-
hematopoietic stem cell populations with long-term, self-renewal capacity is of
critical importance for a wide array of medical therapeutic applications.
Presently, expansio'n of renewable stem cells have been achieved either

by growing the stem cells over a feeder layer of fibroblast cells, or by growing
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2 the cells in the presence of the early acting cytokines thrombopoietin
(TPO), interleukin-6 (IL-6), an FLT-3 ligand and stem cell factor (SCF)
éMadIamba an GJetal. (2001) J Hematother Stem Cell Res 10: 481 B
w ﬁ?}%éq“’ﬁ/?gtyal. (1999) Leukemia 13: 92, and Lange W et a?.%ﬁ@é@?memh
Leukemia 10: 943). While 5 expanding stem cells over a feeder layer
results in vast, substantially endless cell expansion, expanding stem cells

thé%@liﬁ&ﬁtﬂ@@%%s%dﬂﬂ?@%§%&&§ch@&%¥9§%@3§@%§?%

results in an elevated de%ree of differentiation (see contro scrib

intgglenkinrfis G aidhldnd Lisand NR stea. q@lideator 86 0viadng)bayan

tzer . Me 1832 , Kawa Y.etal. 1 0)
G R S s e o ool G
Leckisiariiot 3% exgdahdege UNless flrs{1S@sstansialiy-garichegsan isolaego
ho ogeneity.(;léﬂgeart presently fails to teach an efficient method for
XBIGSIFEY TR MHE de e SHRRIER feadsy RRRT et s Emss

celB & pAasiber SfRn@mesting Jamily s aytaspicantreembrap -r?s%e of

enzymes whose substrate is nicotinamide adenine dinucleotide NAD%, a

thesanyyarengbiytronsly wsalisueanncheueies fegemal dff3enis s (Bm

I - r rotein. Recently.. it-has been.demqgn d
e S e B T R Y08
92 gleoty P otase Actimityl atih 98D PFibo Wedy dasel 88155 K isvih s @ble

roduce nicotinamide, ADP- ribose (ADPR), cyclic-ADPR (cADPR) and
(2@93)[?ﬁ%u%?&ﬁg‘?ﬂ;ﬁﬁ?egdmcleotide phosphate (NAADP) from its
subghraesdevvard @he&%@é&ﬁﬁ%ég%ﬁ%%@éﬁﬂ&%&%&aﬁ&%g

Biol. Chem. 380;785-793). The soluble 25 domain of human CD3
unistafisb supeasbliarensic bedwmDsolatey HihaDPzebisse and to

ADPr{ibase yia 0 t intermediate (Sauve.A. A., Deng, H.
T, Angelletti{,‘ |t%n%§2gg@£]cr??a\?§%§?\ﬁ rll_egﬁd)ﬁ}{]ré&tr%e}éﬁ Inf)g’c%l.ﬁ gzol_ll
1eiR8EHIEasa) ttdlwendrpit wadsddstieydaund that CD38 is not characterized

only 0 multi enzymatic activity but is further able to mobilize calcium,

to tr ce
CD38 is a member of an emerging family of cytosolic and membrane-

bound enzymes whose substrate is nicotinamide adenine dinucleotide (NAD), a
coenzyme ubiquitously distributed in nature. In human, CD38 is a 45 kDa type
II trans-membrane glycoprotein. Recently, it has been demonstrated that CD38
is a multifunctional enzyme that exerts both NAD" glycohydrolase activity and
ADP-ribosyl cyclase activity and is thus able to produce nicotinamide, ADP-
ribose (ADPR), cyclic-ADPR (cADPR) and nicotinic acid adenine dinucleotide
phosphate (NAADP) from its substrates (Howard et al., 1993 Science
252:1056-1059; Lee et al, 1999 Biol. Chem. 380;785-793). The soluble
domain of human CD38 catalyzes the conversion of NAD" to cyclic ADP-
ribose and to ADP-ribose via a common covalent intermediate (Sauve, A. A,
Deng, H. T., Angelletti, R. H., and Schramm, V. L. (2000) J. 4m. Chem. Soc.
122, 7855-7859).

Bowever, it was further found that CD38 is not characterized only by

multi enzymatic activity but is further able to mobilize calcium, to transduce
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WO 2004/078917 PCT/IL2004/000215 3 signals and to adhere to
hyaluronan and to other ligands. Interaction with CD38 on various
leukocyte subpopulation has profound though diverse effects on their

Wﬁ}éggﬂg?ﬁﬁunaro A, Malavasi F J Biol Regul Honaeost Ageh{sT§3Y+/000215
Jan-Mar;13(1):54-61 Human CD38, a surface receptor, an enzyme, an
adhesion 5 molecule and not a simple marker)., CD38 is widely

sighaesseddn koilhepalppeistisAad N os &ﬁ@}affg%@icaﬂ%g?g]{ﬁ’&&’ Gl

Homologues of CD38 have also been found to be expresse

Clpddnem anaivesrisnidesissidpenylatidrirhes s ifolatddifomgh theerse effects
invertehrate Aplysia californj Prasad , 1996, ure Structural Bigl

o e, RS ol e e w9

JaNABDP3 (13\&!-beeiushondDe dnducerthe f@&@%&pﬁﬂrﬁf@gﬁ{g{l@ﬁ GateimHn

cells jsolated from tissues of plants, invertebrates and mammals,

migghkest tha SRS TAHEEDlites may be global regulators of calcium

responsses (kee &f; 9 j hem. 0;¢485- th P
and NAADPLISre%%%%ltf ?rﬁﬁ%%%a%%m%%aszeéﬁ%ngﬁ C;%%Jm%@gesﬁon

hematopeatisalptdesivethosiscortholiwdday¢p I FCER® sa¥C e pp e Fatml.,

8 i ical Chem. 262:9561-9568). Hence, CD38, being th
to B e S e e R R e
thaumnepietiane sepivdotdyfliedD PPibese HYIVBI0 Musleoniasmia! Biol

35 c'éu{‘éions (Ca+2) influence highly important nuclear functions such as
“gen ?’ nscription, apoptosis, DNA repair, topoisomerase activation and

polymeense sfeidingo Altbuah et ipasitaldr iémgﬁﬁﬁﬁ ﬁ%%ﬁ‘ﬁ%%%d

ryanodine receptors, which are types 6f Cf2 channel, are present in
bepp el msnipfane tisaielrake inftihorhledstasis iohniciealsGeoleReis &tilln

tis%?ek‘%ﬂﬁf‘inttg Wﬁ?@&%@?té@%ﬂ%DBa%D %%%OS '@ﬁ%ﬁ@?ﬁﬁ;ﬁ%ﬁ%ﬁ%@&

site within &nuc eoplasm an ence

may ¢z glicimbidARtortoopradeicenntisieaiesTlie SADRAR 1009 BRI Chem.
38&3%%’5 éﬁggnaﬁgggférl}e)é%pa;gg(ﬁ%é?g@%%%ﬂ%a{oTlfdgc?é%glecitgng”rge eearse
from caicium stores that are distinct from those controlled by Ip’ receptors
(Clapper, D L et al,, 1987, J. Biological Chem. 262:9561-9568).

Hence, CD38, being the best-characterized mammalian ADP-ribosyl
cyclase, is postulated to be an important source of cyclic ADP-ribose in vive.

Nucleoplasmic calcium ions (Ca'™®) influence highly important nuclear
functions such as gene transcription, apoptosis, DNA repair, topoisomerase
activation and polymerase unfolding. Although both inositol trisphosphate
receptors and ryanodine receptors, which are types of Ca* channel, are present
in the nuclear mf;mbrane, their role in the homeostasis of nuclear Ca™ is still
unclear.

It was found that CD38/ADP-ribosyl cyclase has its catalytic site within
the nucleoplasm and hence it catalyses the intranuclear cyclization of NAD?, to
produce nucleoplasmic cADPR. The latter activates ryanodine receptors of the

inner nuclear membrane to trigger nucleoplasmic Ca™ release (Adebanjo OA
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WO 2004/078917 PCT/1L2004/000215 4 et al. Nat Cell Biol 1999 Nov;
1(7):409-14 A new function for CD38/ADP- ribosyl cyclase in nuclear
Ca2+ homeostasis). It was further found that agonists of ryanodine
WU Yensitize cADPR-mediated calcium release and BRt4YdARa{eopr!s
ryanodine receptors block 5 cADPR-dependent calcium release (Galion.
Aetal., 1991, Science 253:143 146). Thus, it has been proposed that
et GADRIR &WK@%IOIWJWQE(WHOQ}I PEPQNSERINLISSHES %Uc%ﬁﬁigﬂg&l{?
.. and pancreas, where ryanodine receptors are expressed (Day et af.,
ribopdrarseiametral Caishsivastass), 1998, Biochem. Pharmacol
56:997-1Q0 Isp shown that.in mammalian 10 smooth
e B R B G RbG CHEAR O e afeBRize

muscle cells, the calcium release’inresp

cABIBBettdiatahbylvithryahasinenteapiesanep %&?cﬁﬂ% FSAWIR block

. ZA'C ggéa%oniﬁts of CADPR such as 8-NH2-c R or 8-Br-cADPR
A%ﬁg“ CRECCHD G\ CERT. Sighsa. (125093065t BhedO AhdFjencs 1N 14S-
14@therindicaiesthaby g st onists, such as
%DPRlcar_l regulate c@g%%gé%&r%%%gr@eqs‘? irnlqlgcg%@géac%a & S%%tr% verse
TespRBYe SIASEIeRsBRsed narettabodepseifaan evlairof fyamebeictic sieins

| odepulfeenovikol hamapaicts
B L e Attt HENS OB S SHY ndotds, Mg

BiasthemcRhagescalltisead @x0e35ion pisuaceianigens @ishCuRickaelD.
20 Caine nJ, Lam G, Greaves MF (1982) Changes in cell

sm85 % R%bin 0 .
SOHa e 4G Sei%?e%@ﬂﬁ‘&uﬁl@%ﬂ?af@ﬁlﬁ@ﬁ% thrferefyiciidmeBtonde
blo6Red08): IanROMRA 85 ietic. pluripotent ste

cells and tﬁgﬁnéaggy%%mﬁrﬁg%&%%};%%%ce g%%%é?ﬁ%es %ﬁlo%fty
ANBIRIIE 8 OV cIEB 25 HAUABIRR 0bciB<c ADYH Heing:, A H,

D, - Th 3 4+CD38- phenotype appears to identify the

B oL ik e LA B8 D So Al
ryanpdimuttiiestage gititrariiatioonheseR 34-+QO38R celhiactioncomains
resiOLE lon ?i rm culture, initiating cells (LTC-IC) pre-CFU and exhibits
onger gl T% %@%ﬁﬂ%ﬁﬁb‘f?@ﬁ%ﬁ?ﬁélﬁﬁd delayed proliferative response

to cyokinelisas SemIRRMWINC D341-tN3841 of hemopoietic stem and
progenitor cells (HPC), both in vive and in vitro, 18 limited by cell
differentiation. Differentiation in the hematopoietic system involves, among
other changes, altered expression of surface antigens (Sieff C, Bicknell D,
Caine G, Robinson I, Lam G, Greaves MF (1982) Changes in cell surface
antigen expression during hematopoietic differentiation. Rlood 60:703). In
normal human, most of the hematopoietic pluripotent stem cells and the lineage
committed progenitor cells are CD34+. The majority of cells are
CD34+CD38+, with a minority of cells (< 10 %) being CD34+CD38-. The
CD34+CD38- phenotype appears to identify the most immature hematopoietic
cells, which are capable of self-renewal and multilineage differentiation. The
CD34+CD38- cell fraction contains more long-term culture initiating cells
(LTC-IC) pre-CFU and exhibits longer maintenance of their phenotype and
delayed proliferative response to cytokines as compared with CD34+CD38+
cells. CD34+CD38- can give rise to lymphoid and myeloid cells in vitro and
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30 cells. CD34+CD38- can give rise to lymphoid and myeloid cells in vitro
and WO 2004/078917 PCT/IL2004/000215 5 have an enhanced capacity
to repopulate SCID mice (Bhatia M, Wang JCY, Kapp U, Bonnet D, Dick

ng'%"{)f %Ilz’urification of primitive human hematopoietic ceﬁg%&&%ﬂ’%’ﬁﬁ
repopulating immune-deficient mice. Proc Nail Acad Sci USA 94:5320).
Moreover, in patients who received autologous blood s cell

PRA&SPAS-Gells @Wﬁfﬁ%ﬁp{

positively with the’speéd of he?%atopoietlc recovery.

Kafunctiondddenttirds, CDiIgK+TD38-966))s Ravifi bepnshefvpitiodigve human

detectable leyels of telomerase. Recently, it has been repqrted that
e R er SRR SPRRHA & FUIELBt Lt LT Futbogel e
Actige-carsednciacry bxatoois, agigandhis vics BRARIE S IBIPESSIG d

expression of CD38. Concomitant with CD38 expression was the

celh deansalantiionc AP RURRETh6th GiRdtduistss preledinfuskd imzedlated

pogiﬁ%@me@ﬂﬂn@%@é&ngﬂﬁaﬂéﬂg&&f&r&@@ ongisign 'ywigaf%@&m

of HL-60 cells with’a permeant inhibitor of C icotinamide, 1
furiphisied ftrdtireh e (GD3d8- GRSty calld differctiatichoMore Spedfiddidocsdge

Iev(e){s COZ t?éi8n(relxprseession was achieved by using morpholino antisense
0 |gonucPeoﬁc?es' targeting its MRNA, which produced a corresponding

inhiRBoenely, diffese st aBrstuEthdy URshi CRHE el Badatoh 65 ARiRin
Chem 2002 Dec 20;277(51).49453-8). 20 In view of the findings
HIg6l ikt Ghsoamiiterkspllcing i e s infucristy gsianppreihdnd is

acd¥apadieg $gnal ransdyction pathways apd Q?U%%@}%&%ﬂ%ﬂa??d

differentiation, the present inventors have envisione y ng
eXprrs Rpressidhandtomile taativify IR Satkiebexpansioncmnsts preceded

differentiation of stem cells could be controjled, In. part] r, it was 25
N EER RSN e R T e e e
reatsiRgt ageHk-Sataddwveguiaiehe axpiasianobERBS or nbhikibgide,

.. activity thereof, expansion of renewable stem cells, devoid of
1%)%%8& (vbaRr) #sttviisinad dlifderentiation. More specific blockage of

CD38 expression was achieved by using morpholino antisense oligonucleotides
targeting its mRNA, which produced a corresponding inhibition of
differentiation as well (Munshi CB, Graeff R, Lee HC, J Biol Chem 2002 Dec
200277(51):49453-8).

In view of the findings described above with respect to the effect of
CD38 on ¢cADPR and ryanodine signal transduction pathways and hence on cell
expansion and differentiation, the present inventors have envisioned that by
modulating the expression and/or the activity of CD38, the expansion and

differentiation of stem cells could be controlled. In particular, it was

hypothesized that by reducing the expression and/or the activity of CD38, using

agents that downregulate the expression of CD38 or inhibit the activity thereof,
expansion of renewable stem cells, devoid of differentiation, would be

achievable.

Nicotinamide (NA) is a water-soluble derivative of vitamin B, whose

physiological ~active forms are micotinamide adenine dinucleotide
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Nicotinamide (NA) is a water-soluble derivative of vitamin B, whose 30
physiological active forms are nicotinamide adenine dinucleotide WO
2004/078917 PCTIIL2004/000215 6 (NAD+/NADH) and nicotinamide

WadeHE*dlhucleotide phosphate (NADP+/NADPH). The phi/stolbgitsprozts
active forms of NA serve as coenzyme in a variety of important metabolic

reactions. Nicotinamide is further lknown to inhibit the enzymatic activity of

(NEDBSI AT g rebynaffeciiaueMPRR signalindtrangduction; path
feature which is demonstrated, for example, in the stu%z?%ls@%es\%ﬁé%%mm

(NABYS T BB Be e Ther Bixemobgioalinsiiv € BroraefRA lseeviB, dBimtyme

in £0em20e¢ 2208 (i;l(}]Q -8). Hence, .while canceiving the

- preserﬁ% %wen ion, |tt@ags yp%tﬁéegs%zl%ésfhzﬁ}cr%%%%ﬁ% |&Sec,fe'ﬁi\#e%"§§"8tﬁ%r

inhélgerits kerowymatidn hivit thye e ZypBatic@ativigbef :ER6 088, caDe wilizad
stem cell populations while inhibiting the differentiation of

f di \
‘f%%éuegxfg?aﬁl é%%."‘i?%a% AIMET (YHGthesisemansiaingr Satammisuieghe
stuiBichicateiapakirplinedeuny. firestnarindirestly; with the ggf@kg%%&%”
[o]!

of CD38 can be similarly used. Retinoic acid (RA), the naiurala
HCadrRigtvehemAfiraiRes GBI0IN3E):AP4R3mportant regulator of embryonic

dev e d.i influences the .growth and differentiation o
o R R T Ul St R AR e oy
nicnizdiaidd, thyougih abeithinterretio tuwith speeifitbitighndractivatedasioars
nscription factors, their cognate RA receptors (RARs), Receptors of the
OO B i) T M AR AP PORARHAT S e EpiBIane the
difBRskdhihbermanenecentyas(HIBR} and iats.YMasD oaRivales:
by specific !igands these receptors behave as transcription factors,

mo Hi X srabien efuHrer ambgy ofiksetid adutidiselppmishnt tHhe
iﬁéﬁ ang- families tors uniquely exhibit modular structures
. ﬁarbgring %é?:ﬁg%heﬁgﬁm%?ﬁgand-binding domains. These

recéstons 2 cidbRBY, thediatedheiidiiohgioatiotenty hyhindingdanol) is
o Rt R orFSCERE HRAEUP R ERbsRcts BFAEAFSbabic
groetgehgedi®fetdnat®dn of a wide variety of adult cell types. The biological
cifects of RA are generally mediated through their interaction with specific
ligand-activated nuclear transcription factors, their cognate RA receptors
(RARs). Receptors of the retinoic acid family comprise RARs, RXRs, Vitamin
D receptors (VDRs), thyroid hormone receptors (THRs) and others. When
activated by specific ligands these receptors behave as transcription factors,
controlling gene expression during embryonic and adult development. The
RAR and RXR families of receptors uniquely exhibit modular structures
harboring distinct DNA-binding and ligand-binding domains. These receptors
probably mediate their biological effects by binding to regulatory elements
(e.g., retinoic acid response elements, or RARES) as RAR-RXR heterodimers
that are present in the promoters of their specific target genes (1, 2, 3).
Retinoid receptors thus behave as ligand-dependent transcriptional
regulators, repressing transcription in the absence of ligand and activating

transcription in its presence. These divergent effects on transcription are
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Retinoid receptors thus behave as ligand-dependent transcriptional
regulators, repressing transcription in the absence of ligand and activating
30 transcriEtion in its presence. These divergent effects on transcription
WarW311.04/078917 PCT/1L20041000215 7 mediated thfdiRYHE00215
recruitment of co-regulators: un-liganded receptors bind corepressors
(NCoR and SMRT) that are foundwithin a complex exhibiting histone

medierdetitaagl{ tRACIHanivily vhesaasligandedda 8 HREBM KO bind

activators with histone acetylase activity (HATS). Chromatin remodeling
COTGRERPSOE JHNb@Re gt celMdtibh Batingra, Fosnd criffénprorpoipiestrenchibiting
histdificationsdn A led .o Itiple co-requlatory
S leres Bhe iy ity AL el PR R R o
actiRAMsaipitia himtook latesy tian sciipfiyn HAspecifictargatigerasidciitpanaer
ich is.ligand- degende t,as s bs%]entl(%/ shown for many of the

h
alsc bE Tedbirel MisgsRine o hisraehy of Bromdicr Sityeipee moditacations in
R.Asurg@tfgmi&.cﬁh@ear&ﬂmu&imm%%ﬁiﬂgﬂf\/@#@kgﬂﬁéﬁd, upon which
-a a

the_transcription-modulating activity of RAR-alp lepends, is
all-thRs F8tin SRdiReIe. REfncrReaRIEN ddlsptificd e driigaashdn FesRnalphne
modiB j ' istic. all [ in cellular phenot )
GRS O SRS B O RFrO
depbadenidensifieubstesigniye dIRAR-bita andiRABEgahemmanbeexhigit fe
high,level.of homolo a and each other (4 The ligand-

to -alph . D).

Ster] %%fg.%%lg 5Pt HifaE-LA sﬁ%%@réﬁaﬁ%\@%&s Jgﬁnﬁaﬂ?&%%
lowagiolesaliHancRIVRISRNGR6h 1835 A 15-YecSimiamRddilonal ctivity
members of the steroid/thyroid receptor superfamily 20 responsive to
of Peﬁﬁs?éﬁb@idﬁﬁa@é%eéﬁ iaﬁrﬁﬁ_iéﬁre@}%mdme bBetintesigwide deceptone
me&i’é@é@'@Rﬁﬂg@@qurg@%(@x@g@fo}r'lfgs{ﬁ? RARS %?eﬁg%l%sa S lis()%s 0

known to comprise at least three subtypes or isoforms, hamely

cellgmpaﬁmaypaxﬁfwiag amadIRXR-genursa, akdigons SRARinighniciiecd
e e a0 W PR TR B s
a higipistenidspeetdokirse RARAMRHa and each other (4, 5). The ligand-
binding region of the three RAR subtype receptors has a primary amino acid
sequence divergence of less than 15 %.

Similarly, additional members of the steroid/thyroid receptor superfamily
responsive to retinoic acid have been identified (6), and have been designated
as the retinoid X receptor (RXR) family. Like the RARs, the RXRs are also
known to comprise at least three subtypes or isoforms, namely RXR-alpha,
RXR-beta, and RXR-gamma, with corresponding unique patterns of expression
(7.

Although both the RARs and RXRs bind the ligand all-trans-retinoic
acid in vivo, the receptors differ in several tmportant aspects. First, the RARs
and RXRs significantly differ in their primary structure, especially regarding
their ligand binding domains (e.g., alpha domains exhibit a mere 27 % shared
amino acid identity). These structural differences manifest in their differing

relative degrees of responsiveness to various Vitamin A metabolites and
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and RXRs significantly differ in their primary structure, especially
regarding their ligand binding domains (e.g., alpha domains exhibit a
mere 27 % shared amino acid identity). These structural differences
WEhAHHELHH their differing 30 relative degrees of responsivefi&ddtaW04{1H74>
Vitamin A metabolites and WO 2004/078917 PCT/IL2004/000215 8
synthetic retinoids. Additionally, tigsue distribution patterns are distinctly

Sm%?r%ﬁ%#%ﬁy%%@é@%%&e IS regzéridinlg thgfﬁj%ﬁgt%ger%gﬁ%uy

diffarateifotyhaRls (BRBXBsanB.Apslipopidiehs Axpibteidisitrant tartsat gene

. to.RXR, 5 but ngt RAR. Furth 2AR has.also b
Pt o Pep Lo Bl d S B PG R oA T
(CRBPPONER algppdbdieiihaseydatmindisaiaitiat thepwaisepasate rRRIC

acid responsive pathways are not simply redundant, but instead manifest
but aa@brﬁﬁ@ in@ﬁ?wmmanm(%@)%oa&a%iﬁhﬂgwé%ﬁ?@&wa%%f

f i inai family..Lhe |
e IES R RIERIR oM et e
datDifd) dindsait she dgratepeceptortiMidRicddragne s va tratiseApsionefastor

S B T B SN SRR (VMRS L ganc-meied

confotaations! changes okihedEniR cawnatisadheanslegulsnswitchhe
controlling nuclear 1 alpha, 25 (OH) (2) D (3), signaling events.
recEiprs PekmEivDR HIRAGERIH FECREITFRPEXGIRITe cORfF OUSIRRT ReFImaNSn

1 %ﬁ&?ﬁ%ﬁ&ﬁ)&%‘@%&é (@) (21 BH) endesting syssem) Wilhds its

nsequences in‘maintenance of calcium hc_)meosta3|s, bong _
cogmite ratization ¥R 2 Godherts el mtfumctipsnAfisigonidisitoikpbohaned

hown to act via the, same mechanism: they selectively stabilize an .
cOrSHLgBIARS ONHEHh ORGP Te hoLnE-al G ool & DR
DNVDRNEX R WRRE DrmpleXe szatithbitiligritdec it esacticn:ef teaBR wiithe

coactivator proteins and induction of transactivation. Interestig&éhcells

VDReapapiisth e el aeadsriedoreakolg BokerR! HERbdmErh (2) D
(3) ﬁg{@mgﬁé:g{}gg{@ations as compared to cells stimulated

Cell-specific VDR antagonists reveal the exquisite control and
regulation of the pleiotropic 1 alpha, 25 (OH) (2) D (3) endocrine system, with
consequences in maintenance of calcium homeostasis, bone mineralization and
other cellular functions. Antagonists to VitD were shown to act via the same
mechanism: they selectively stabilize an antagomistic conformation of the
ligand-binding domain of the VDR within VDR-RXR-VDRE complexes,
inhibiting the interaction of the VDR with coactivator proteins and induction of
transactivation. Interestingly, cells treated with VitD antagonists contain VDR-
RXR heterodimers in different conformations as compared to cells stimulated
with VitD agonists (16).

Retinoic acid and VitD can cooperatively stimulate transcriptional events
involving a common DNA binding site or hormone response element (HRE).
Conversely, VDR/RXR heterodimers have been found to bind without defined

polarity and in a transcriptionally unproductive manner to certain RA response
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with VitD agonists (16). Retinoic acid and VitD can cooperatively stimulate
transcriptional events involving a common DNA binding site or hormone

response element (HRE). Conversely, VDRIRXR heterodimers have )
WBMHAGENd to bind without defined 30 polarity and in a tranBERFHARPI?1S
unproductive manner to certain RA response WO 2004/078917

PCT/1L2004/000215 9 elements,gand under these circumstances Vitamin

D inhibits the resppnse to. RA. Althou 1.£0mp itioH.fo binding to DNA
ele%%%sf:o%lt(riibﬁge{oqﬁﬁge iﬁﬁﬁ)%%§aP§g%o%?1h§[e, I ra?on 0 éé;mﬂr#oﬁ pouse o
RAcoagfitasass byovpRtiaien dppesitsiiogbevinboiedrihisdiatisate presgian.

Therefore, the regulation of the s transcrigtional respanse to RA and VitD

b BTy SRR SRS AT SR EBRTD HareRy of ke ARt GRRESHY
be thedifferentregeptorsneoartiatars (FhLand theipindingigithe of the

appropriate DNA binding sites. In parallel to their functiory as
transariptioptibnedsregstatévs Rétiraid idBptirs GysindmRARENd RORpley

important rojes in lating the growth tq.and differentiation of a variet
S iova i S AR A S e e
(176ARRMAkar bipteae wineniypcopmmd DXhebiadacisirsinducing

cell-differentiation, as seen in experiments utjlizing malignant cancer cells

andBniliRiRL LferfPeBIISTTRSORhaTe BRISAERTIRIG oA 8t R aFetinotd
reciffSreaiiation m%ﬁ%ﬁgwfﬁ%&%ﬁ%miém@%ﬁé iR reehlth

15 however, as RA has been shown to exhibit different effects on Cultured

anthdifigteptinstincedls, dopundingebntymely mmawelkional shieR 2@poivhilsuch

retinoids_accelerated wth and.differentiation of granulacy .
o B N A o SRR S A e i
indsieny ealls difeldecidtian, oppesiicieirpt{dAdnReitidithiraatignihasialeo
been shown to inhibit 20 differentiation of pre-adipgse cells (4(1%). Whereas
celip caRh FERREEBIGSERBNCEES 109 bxSHETE a RRISH dr¥iiEEsN Ofh derminal

dirflifierentialion et bematopaiedic aiercalisiad) ihe RAR agenisha [feldr,
ethylphenyl)dimethyl-chromen-yllethynyl}-benzoic acid] functions in an

howppessirg fdhnkss Gueve sholy P RRRahibgodidis lsat ecbests shovakared
her%%’;?&tetic cells, depending on their maturational state (20). While retinoids

accelerated the growth and differentiation of granulocyte progenitors in
oytokine-stimulated cultures of purified CD34" cells, use of stem cells produced
an opposite effect (42). Retinoid treatment has also been shown to inhibit
differentiation of pre-adipose cells (43).

Whereas the RAR antagonist AGN 193109 exerted a positive effect on
the differentiation of hematopoietic stem cells (41) the RAR agonist 4-[4-(4-
ethylphenyl)dimethyl-chromen-yljethynyl}-benzoic acid] functions in an
opposing manner. Conversely, RAR antagonists have been shown to prevent
granulocytic differentiation in experiments utilizing the promyelocytic cell line,

HL-60 (41). Similarly, creation of myeloid cell lines defective in signaling

through their retinoid receptors do not undergo granulocytic differentiation in

the presence of G-CSF (22), and retinoid-deficient tissues acquire a pre-
malignant phenotype, and a concomitant loss of differentiation (29, 30).

Malignant cell lines derived from wvarious carcinomas exhibit diminished
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25 granulocytic differentiation in experiments utilizing the promyelocytic
cell line, HL-60 (41). Similarly, creation of myeloid cell lines defective in
ignaling through their retinoid receptors do not undergo granulocytic
i?f@f‘é%g?i’c?on in the presence of G-CSF (22), and retinoid-Befidfeiif+/000215
tissues acquire a pre- malignant phenotype, and a concomitant loss of
differentiation (29, 30). 30 Malignapt cell lines derived from various

cinomas exhibit diminished OO%D 8 PCT/11.2004/000215 10
expé%&lg'n TR 55 2"l pi%r J&%ﬁ%&%’ﬁﬁa@ﬁ%@ xpression

S
e

pression olfnre INOIC acla‘recepior m’F%

magkieressioportay becaniinpartaogeveid (03UBdfehesiT(3Fudthes®ods,
. 37). Furthermore, disruption of retinoic acid receptaor activity, as

distURHER AT FIRASRESHTFRENSE FrEHYs BisTuiAsRRs (RERXHE-guhgouse
moHSPB%ARIVIER @@MR%&M'%!%@H'@%@B@B%@% 88nulocytic

__However, other studies using a similar approach have resulted in the
difigecriaperett B3Hematopoietic cell lines (23). The hematopoietic stern and

early nr nit Il e characteriz heir sukf xpressiagn. of the
e e sy MR SRR
deviefifcsurtstadineageiatitoes imarker@3hin. T dirtmetisdibtizing:ae verdl

leukemia . cell lines revealed that retinoic acid receptor mediated signaling

carlDIRERTHOL S cAbh BRuRAHeEsh Y (st ptR P TRSRcs, eD Y
surERIb SHITRRS 3RAGRR IMBGFRaS ANHRaoNisl BARAPSISNEHLRAS gntigen

up-regulation (24, 25). Therefore, to date, the data are conflicting as to.
surgisiinlthesgolestieey/ DS andiRA Fxirdinenis stitigiep vrorodytkeria
9 locytic.cell differentiation, or prevention of these .processes.
el S B e A R R SRR
industigharftagpristizaot sen déffechniatogy markanSthidios Ratfiaadsanitben

truncated receptors, yielded jnhibited granulocytic and monocytic
eSS sk AR R e %&%@&8&%}&%&3&@% i 3ines

thatgie-doeked aiihanpyalabiastonframyeloyticsiags ot differsniation
(19, 22, 64). Pl 3-Kinase and CD3S PI 3-kinase is a lipid kinase

an¢Spsedwitins af hayablowynocytmaid- promyelocytic cell differentiation,
or prevention of these processes. Although some previous studies with
imactivation of RAR, RXR and VDR using antagonists, antisense technology or
transduction methods with truncated receptors, yielded inhibited granulocytic
and monocytic differentiation, these studies were conducted using leukemia cell
lines that are blocked at the myeloblast or promyelocytic stage of differentiation
(19, 22, 64).
PI 3-Kinage and CD38

PI 3-kinase is a lipid kinase composed of a Src homelogy 2 domain-
containing regulatory subunit (p85) and a 110-kD catalytic subunit (p110). PI
3-kinase catalyzes the formation of inositol phospholipids phosphorylated at the
D3 position of PIPI 3-kinase. PI 3-kinase activity has been linked to many
aspects of cell transformation processes, including increased cell growth,
proliferation, adhesion, metastasis and angiogenesis, and has been implicated in
the pathogenesis of colorectal cancer, breast cancer, ovarian and cervical

tumors, and proliferative and anti-apoptotic effects of estrogen in breast and
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containing regulatory subunit (p85) and a 110-kD catalytic subunit (p110).

Pl 25 3-kinase catalyzes the formation of inositol phospholipids

phosphorylated at the D3 position of PIPI 3-kinase. PI 3-kinase activitg/
Wh! @’éﬁ‘}ii'hked to many aspects of cell transformation proBe£4&2#04/400215

including increased cell growth, proliferation, adhesion, metastasis and

angiogenesis, and has been impligated in the pathogenesis of colorectal

q r , | cervgal d proliferative

O o ooty o Sy ooa L s Ly S S r o i
CapgT|I2200408021%). || olhewtissshewrryiiRtealst CRIN Ras2001 i:3:30hA2,

Bhat-Nakshatyi r J Cancer.2004;90:853-9). It was shown that the
SR A ar O A SR EHI BREFESP 294000 RS PR AR
theCRIBRRNAGKRESHADLAMN DTV RIRIMCSIIAND MemhrapeGH3g

antigen as well as that of, CD157, a 5 CD38-related antigen on HL-60 and

ChRrielerarsiieenga Hefd ansbseane! reamofy &IBfEhoshhatigylindsitol
redibiRoseR 2RI BEAIG Al Rl L gl R S R R

of CD38 antigen aematopoie S

retinnassisddyduchdnapre fil Biegeoh €D Damdgaachh husato mkat RofinatC,

Herault 0. BrJ H tol 2002 Aug: 118(2): 535-44)]. 10 Downstream
4y oo %%‘ﬁ‘-oaﬁm’a%% 7BEeptoRgtidiralt theoraResh J,

CoRotiReePIRRIRG "PRY-AROL S ihibitad by indibition, of 2l 3-Kjpase; which
is an_obligatory factor for proper receptor signaling. The critical furiction of

P 3&%‘#@@@@@@% fisglearpesshioy webianscvgiomamich as
R U R Rl R S8 e,

dihydroxyvitamin D3 ( s associa pid-andtra
wlhidremses inbRFa®itinéseactvitypapweloaspiwithsinatiiation Dhenyeigic]

cells an face expressions of CD14 and CD1lb, markers of cell
o TR o ACEP A COSHE HROETo Ay GE R o

deldnamsrabrogatedy (Rbie PlBrkinass infpibiters b Y294002:80d, . 55
_wortmannin; (b) antisense oligonucleotides to 20 mRNA for the plig”
dilgaleaivisuBin P of P1)3wanaseoantt do it omidamd egative matemtesfiR|

P A0S SN YA, A O O TS
expressions of CD14 and CD11b, markers of cell differentiation. Induction of
CD14 and CD11b expression in response to D was abrogated by (a) the PT 3-
kinase inhibitors L.Y294002 and wortmannin; (b) antisense oligonucleotides to
mRNA for the pl10 catalytic subunit of PI 3-kinase; and (c) a dominant
negative mutant of PI 3-kinase. Similarly, LY294002 and wortmannin
inhibited Ds-induced expression of both CD14 and CD11b in peripheral blood
monocytes.  Western blots and in vitro kinase assays carried out on
immunoprecipitates of the VDR showed that D; treatment brought about
formation of a complex containing both PI 3-kinase and the VDR, These
findings reveal a novel, nongenomic mechanism of hormone action regulating
monocyte differentiation, in which vitamin D; activates a VDR and PI 3-kinase-
dependent signaling pathway [The Journal of Experimental Medicine, Volume
190, Number 11, December 6, 1999 1583-1594: 5-Dihydroxyvitamin D;-
induced Myeloid Celi Differentiation Is Regulated by a Vitamin D Receptor-
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monocytes. Western blots and in vitro kinase assays carried out on
immunoprecipitates of the VDR showed that D3 treatment brought about

25 formation of a complex containing both PI 3-kinase and the VDR.
WO Hitings reveal a novel, nongenomic mechanism of RoFHo{&#000215
action regulating monocyte differentiation, in which vitamin D3 activates a

VDR and PI 3-kinase- dependent signaling pathway [The Journal of

erimental .Medicipe, Volume 190, Number 1 ecemfer 6, 1999 . .
S et fao b Sl S
NalgiRegUiated Byya Neain DiReecaptoPEc2004é0rE823%]it, and Neil E.

PCT/1L20041000215 12 Phosphatidylinositol 3-Kinase Signaling
Re@?@’n}rplex Zakaria Hmama, Devki Nandan, Laura Sly, Keith L. Knutson,

Patrl HeiceeRltoRd NalbeRanEIL A IACRTA AP LA ape

as an obligatory downstream factor in 5 the cellular pathways inv
thanehlibtion pftleuiee mivodediddifferaduizition of devddsende meli stiffeditid4io60

weE e guser o ranpionuic,diferentiaan by Ak ans pnol

acid.. Immunochemica IMnitdnocytoc
diffeierasanny alsg revadamingrease indbgl amountahidhddkaasel whighiis
. Pparticularly evident at the nuclear level. to Inhibition of Pl 3-kinase activity
”W%%H%Mﬁ@&%ﬁﬁ%ﬁ%’mﬁ%éﬁms&ﬁﬁyoﬂ%@ exprakaminplFase

in WRNSfESHONWiER ananisense-fagmantalRREa RIGYSRBL & car tovel.

differentiative process. Further, it was observed that inhibition of the Pl
Intghkties efsRinatingsathoibytyybwernranoiar treataemt il o6 Gvoetta apnior

ifferentiation.with all-trans-retinoic acid is lethal, leading to apoptosi
o0 R i S Bt R e SERAAER ey e
prpleyedrhedifatiatioledprrematinggianweeyticslitietentiatiomibition of
(Birt nolo, et al.,  Cancer Research, 1999;59:542-546; and Ma et al,
thechl) YRR SRR BRUFRAN YD EHHERIBEP 5eRimese R ddl-60 cells

e T ey A oo
folivavasditeroGH®B, BReH duv iEdictoHerteBE I bariggaret sibyaling
ess%%?avyat)éfg E?zaiﬁ]rtc?rir?(i)tl ga g:iggﬂ?orgi e ddifferentiation {Bertagnolo, et al.,
Cancer Research, 1999,59:542-546; and Ma et al, Cell Cycle 2004;3:67-70).
The involvement of PI 3-kinase in cell differentiation regulatory
pathways was demonstrated also in non hematopoietic cells. Smooth Muscle
Cells (SMC) de-differentiation is induced by PDGF-BB, bFGF and EGF,
whereas IGF-I-triggered signaling pathway in maintaining a differentiated
phenotype of gizzard SMC in culture. It was demonstrated that distinctly
different signaling pathways regulate the SMC phenotype. Both the ERK and
pBSMAPK pathways triggered by PDGF-BB, bFGF, and EGF were found to
play an essential role in inducing SMC de-differentiation, whereas the PI 3-
kinase/PKB(Akt) pathway was critical in maintaining a differentiated state. The
same signaling pathways involving in the phenotypic determination were
observed in vascular SMCs. Thus, changes in the balance between the
strengths of the PI 3-kinase/PKB(Akt) pathway and the ERK and p38$MAPK

pathways would determine phenotypes of visceral and vascular SMCs. [J. Cell
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phenotype of gizzard SMC in culture. It was demonstrated that distinctly

different signaling pathways regulate the SMC phenotype. Both the ERK

and p38MAPK pathways triggered by PDGF-BB, bFGF, and EGF were
WEHENA'16®2E play an essential role in inducing SMC de-differBhifiatigli4/000215

whereas the PI 3- kinase/PKB(Akt) pathway was critical in maintaining a

differentiated state. The same sigpaling pathways involving in the

Rhe | HRLRALIQN W S i SMCs. Thu
o e D A o L6 bgiees i B batance

of3 RinvapbiinoBiiic) peitinmy/Rrotdhe ERteendBpIBMAPK:d0 pRINME@Een-
ould, determi hen visceral and vascular SMCs. [3. Cell WO

o O HITT BeerAE SOURBOADA 10 IO OIa A RS R o acRly

anl7Va9R9f Fmbseh(Fhaegesimihg Balanss F?Efaj%ﬁf;mmﬁ;ﬂd?akahashi,

3-Kinase/Protein Kinase B (Akt) and the Mitogen- activated Protein

Kagize KipmpypSeianriyndee ihiiosha $usenandh¥ ofii/fsdere). and

Vase 0 cl Is,.Ken'ichiro Hayashi, Masanori T. ashi,
5 Ko e B R T el o f s
anthérefamisiierabdiffeee fiakop0geKingAGeats attyaie Rd 3ehase of
di d trtne inhibition of the PI3K/ gOSGK athway blocks the process of
i e PIRHSROR R G S LdIPAR AL PR E) & M OOB o T96942) 305-13.

D&S3(2ti80bnidrs0esi ia U Ryeydat g NaAHansdusiarRtaY &f  exist?

differentiation” exist? io Comparison of different cell differentiation
Coanparisaaniaf middreitcclifreidfantatisnH Icee talenin re spodede tovith

: =l oxyvitgmim D, Ci .R studies of bane
ot o el B o o By 03,
M@?rwmmmlﬁ))‘ ”ﬁmm@m;ﬁm%ﬂ%}g?? ﬂnﬂdﬁ@gg%%i éndic;te a
ifferentiatio survival such as the -l receptor an
o () Sty o T GHdeh WP S BB AERDPSATS.bsjoTiehnsE it
ankinameimiedialfehBi0:86:kinrea.acthalionias prenHawadg,Re cliiaklo
proliferation of human neural stem cells grown in culture (Ryu, etal J

anf 2l £ FB4d) dntrgtin Heoldszy, ahaoBianT 3804nt i 2)0/1 8888t RI 3-
kifeachiaheria COPRELLICIAINS 3R GAN IRAUCe BXPANBIoN Of ot 1o
renewable stem cells from a variety o solirces. These
proliferation of human neural stem cells grown in culture (Ryu, et al J Neurosci
Res 2003,72:352-62).
WO99/40783 and WO 00/18885 both teach that certain copper chelators

can induce expansion of renewable stem cells from a variety of sources. These

publications also teach that such expanded cells are CD38",

Further, it has been reported that cellular PI 3-kinase activity was
strongly enhanced after exposure to Cu™ [Aréh Biochem Biophys 2002 Jan
15;397(2):232-9, copper ions strongly activate the phosphoinositide-3-
kinase/Akt pathway independent of the generation of reactive oxygen
species.Ostrakhovitch BA, Lordnejad MR, Schliess F, Sies H, Klotz LO].

However, the role of PI 3-kinase signalling in events associated with cell
differentiation is as yet poorly understood. For example, Ptasznik et al (US

Patent No: 6,413,773) teaches the induction of differentiation in

'undifferentiated human fetal cells using PI 3-kinase inhibitors. Other studies



publications also teach that such expanded cells are CD38". Further, it

has been reported that cellular Pl 3-kinase activity was strongly enhanced

after exposure to Cu++ [Arch Biochem Biophys 2002 Jan 15;

397(2):232-9, copper ions strongly activate the phosphoinositide-3 25

kinase/Akt pathway independent af4he generation of reactive oxygen

species.Ostrakhovitch EA, Lordnejad MR, Schliess F, Sies H, Klotz LO].
have dtiowsveredhidateion BF Jikinasd signalingdnievenisassociated sitkealliated

T T

24: 21-aadifferentiated human fetal cells using PI 3-kinase inhibitors. Other

ﬁtudies 1 halﬁ;(a}fﬁemo str t%?i duction of differentiated monocytic
IRIER RE N PR AROTSEs 30 S0 BRSO HIEHRI b1 s epigugd that
by mo(Rarkngt dielruprnsphammdloimbacion2803f 24: 2138 Inndevkpittion and

. _findings described aboye, the present inventors have envjsioned that by
it e o LR DR APV oT B -1 aPpesoed i by
reducimgxphensipressich diffésemtiationvith sié i Celliesuldshgcpriiglied: Wownregulate

articular, it was .hypothesjzed that by reducing.the expression and/or the
the exg B BF Bl 4 RMES LT O A e LA Lo RREIE B FOBER e
cells, dP¥ B4 kindisemninhibit, thewdd thaty:therelat. expansion of renewable stem
E{Lséﬂdeﬁ/%% o{jg\ijé‘eéeesntilatt'lon, w?uld Pe & hitet able. Based on tgl}g above, q
Bscriptions, 18 CISar that thare it thi a Wiy Fee dgRT A d g Fspenize
need femdntiwowdidé highiylddvaivageausitobae:ameathosiob Prepagaling large
large numbers of stem cells in. an ex-vivg setting. Methads enabling
b S X panaion b STARE Sl RS A I A5 1A RGP e
cell contyesereeltspapldativhsgwititinbeefore thisneet] feqsibiéostemiteldresapisionecer
. for hum eatment, with a clear and direct impact on the . treatment of a
reasiolg e b TR R SR Aot al e o the
treatmente dically inidice choorhditi o spatkotihziracteniz dis s e | oSo menpaeicbinexivend
: If.or, transplanted renewable stem cells, in which conditions, it will be
med}caggvé{rﬁit%%%ﬁ:)l%r%ﬁ%%se an ggae% %\%’1%&%9 can fhdtie %‘f@%eéeﬂqe%'ghvﬁoﬁelf o
transplaniedyeEnSwilMARY GH T HEANVENTHDMN D] sSclosk ddnithanise:ofivasiouse an

agent WHRHWAIQLR QL F 8 Kinpee 9l ingdycing ex-vivo

SUMMARY OF THE INVENTION

Disclosed is the use of various modulators of PI 3- kinase for inducing ex-vivo

and/or in-vivo expansion of stem cell populations, resulting, when applied, for example, to
hematopoietic stem cells, in large numbers of undifferentiated CD34"/Lin (CD33, CD14,
CD15, CD4, etc.), as well as CD347/CD38 cells, especially CD34 " gin/Lin” cells.

This novel and versatile technology may be used for ex-vivo and in-vivo expansion

of stem cells, of hematopoietic and other origins, maintaining their



and/or in-vivo expansion of stem cell populations, resulting, when applied,
for example, to hematopoietic stem cells, in large numbers of
undifferentiated CD34+/Lin (CD33, CD14, CD15, CD4, etc.), as well as
CD34+/CD38'cells, especially CD34+dim/Lin" cells. This novel and
versatile technology may be used fgr ex-vivo and in-vivo expansion of
stem cells, of hematopoietic and other origins, maintaining their 15
self-rersglfatgesiabpase atial Fon ADY NIV O hEXHEMGAPRHEA IR VRIS LI Wit e Hers
large numbers of stem cell populations. While reducing the present
of sten, ol RAgH 'BFctice, it was unexpectedly found that inhibitors of Pl
il se dativityiepressihmacessohaitisrentiation ohstemealls Add that
hibi stimilﬁfﬁafgé%aprolong the phase of active cell proliferation and expansion
mAIBIP1RG e ils WA Y HE SERIRS e cREBCEHe Bls WNETERIREARIRG 5 Bt &R cRnd
stimulaM it kowreeeaiiealisWag @ R3d-priliched h anmepaietis: llg (Stem cx-
and early progenitor cells) and, most surprisingly, when the source of
cells included the entire fraction of mononuclear blood cells (whole
fﬂaetsiemuaa‘x;vé&ﬁec;okf&dtsﬁusﬁwa'@iﬂimggwestﬁiﬁ?a, é@f@ﬁiﬁ@%ﬁﬂé of cells was
+commijtted . cells). Equally unexpected was the finding that primary
CD34 | RS STUPBO ALY HEinAROTE 61 ISR and. most
surprisagdociabed vithsBhidekiTass! sigralig, tbyealed #ucinsiaasadndhtclear blood

roportion of cells praduci -fetoprotein, hence signaling the .
cels (R B e oS eR St PRER S P gmmited
cells). discovered effect of modulators of Pl 3-kinase activity and gene

ression can be used for maximizing the ex- vjvo expansion of various

DR PR R R R ety RSB 8D sapetanied
with irthibieots pidded. awhéihod afexived expaneling angdsdnkliiitings, revealed an
. differentiation of a popLﬁati of renewal stem cells, the method )
increasg By A8 PRI g“fﬁ OISR o S HH B Ao n B9RT cefignaling  the
proliferptliferttiey hexyives providinddhepcats with @ik effecliveconcenteation of

of a ulator of PT, 3-kinase activity, said modulator selected capable of
modui%%ﬁ?g’gm%mass BN PRSeEER Y 5 S DE it dP R gRREnZing the ex-
vivo exphedeing adribddingses theitely avivecanandinganshinhipiting

%igffere tiation of the popylation of stem cells. According to another

GS2ED TR PO BERI o th D ek RGN b RbarBy xpanding and

inhibiting differentiation of a population of renewal stem cells, the method comprising: (a)

vivo

providing the cells ex vive with conditions for cell proliferation; (b) ex vive providing the
cells with an effective concentration of a modulator of PI 3-kinase activity, said modulator
selected capable of downregulating a PI 3-kinase activity or an expression of a gene
encoding a PI 3-kinase; thereby ex vivo expanding and inhibiting differentiation of the
population of stem cells.

According to another aspect, there is provided a method of transducing expanded,
undifferentiated renewabie stem cells with an exogene, the method comprising: (a)
expanding and inhibiting differentiation of a population of renewable stem cells by: (i)
providing said stem cells with conditions for cell proliferation; (ii) providing said stem
cells with an effective concentration of a modulator of PI 3-kinase activity, said modulator
selected capable of downregulating a PI 3-kinase activity or an expression of a gene

encoding a PI 3-kinase; wherein steps (i) and (ii) are effected in vitro or ex vive, thereby



undifferentiated renewable stem cells with an exogene, the method

comprising: (a) expanding and inhibiting differentiation of a population of

renewable stem cells by: (i) providing said stem cells with conditions for

cell proliferation; (ii) providing said stem cells with an effective

concentration of a modulator of Pk 8zkinase activity, said modulator

selected capable of downregulating a PI 3-kinase activity or an expression
expand@f@ gehengiboosingiaribdikinaseirwdarreinstepsid) and (ih)aseeliested ia

viéro or.ex vivo, thereby 1§a expanding and inhibiting differentiation of
expandg idlgiié%gr@@ﬁ]&t ) SPAR AL ING 2488 panded, undifferentiated stem

oe&ksh)wgﬂigfthem@@r@_ péaqgmaﬂagstprha_n@mb‘_ _ 5& @?aﬁ@a_m%exi?v@r@x@dﬁlﬁﬁ@g and
. . .....method of ex vivo expanding and inhibiting djfferentiation of a population
inhibige (UGB Methot BHECEY By S(ET Froviaifes HRCEs EXAsLvith @
providiegnbitions ter erib pralifesataneand(bieyrviepiaviding thecgelhs Wil dding
the cel ffective coré%entration of a modulaﬁor of P%B-kinas? %jtiyi y, the

¢ celRotilhid? SASEET HPSEIT BRI A hRGHG A PR [ ndddassiary Bitenthe

modulaapseRsiot cipbient &neodingaaii 3KirkkRidheiehyigxovive expendingof a

an .inhibiléi S%iffere.ntg?ti n of th.ego ulation of stem cells. cﬁgrding fo
zene o e U e IS Rl Ao O B A o deiion of

the popuhdiffe reftiatedestem cells with an exogene, the method effected by (a)

obtainir. population of stem cells; (b) expanding and inhibjtin
MR T SR Sy R I e e R 0 fonded
undiffecanditéanstéat cellprofiferatiosxapenti) peovidingdheffierd cBlls(witbiamining a

effective conceniration of a modulatar of Pl 3-kinase activity, the
popula o R ) AP BTG RO S BT 3 L ety 5y
(i) expressionpphadiepe encoding a Pih3-kinase; wheregtegieps (i) and (i) cells

are effected in vitro or ex vivo, thereby expanding and inhibiting

differentiation of the stem cells; and (c) transducing the expanded,

undifferentiated stem cells with the exogene. According to further features

in preferred embodiments of the invention described below the

transducing may be effected by a vector including the exogene. According

to yet further features in preferred embodiments of the invention

described below the stem cells may be early hematopoietic and/or

hematopoietic -




progenitor cells. According to a further aspect, there is provided a
therapeutic ex vivo cultured stem cell population comprising
undifferentiated hematopoietic cells expanded according to the methods
as defined above. According to further features in preferred embodiments
of the invention described below the cell population may be provided in a
culture medium comprising a modulator of Pl 3-kinase activity, the

with condétidatofiselelitpeotidpakiienofrdov)regulating th& kekinREe RBHVAY Sff@five

xpression of a gene e ing.a Pl 3-kinase, According to yet further
concer iR JPARSR oPAH GRS P T i T HESCHSGIF B POl of
downrgellnpuiafibA-Risysbadsieiatest fiarexpaidsioe b cArcendige APOth&inase:

.aspect, there is. provided a pharmaceutical composition comprising the. . .
wherei G o e b A o A LB e BB ABu iting
differenastion ofchorsing telancihe@speidibeie iBepeapitadd nelifRdafignd stem
cells thi}\{(%h%re aring gxpanded_, gndifferentiated hematopqietic stem c_ells for

ransp%rﬂ%%h into a recipient, the method comprising: (a) ex vivo
expanding @ndutiidibagdifferentifticd efdodbnuiation GkhematapoiRlEribed

tem cells by: (i) ex vivg.proyiding said hematopoietic stem cells with
below f?c? nHfONHaR &W&%ﬁ%%ﬁgn,}iig%%gfdfﬁ%@% ﬁ%?ﬁé&ﬁ?&f‘etic stem cells
eXcadndingittoagerffRetive clennestratioprefearedodnlBidibit JokinBsenvention
describ%ﬁti\ﬁit A ‘%ai%én%%%atgéuge'ﬁ%te cagaﬁ)le &f downre ulatin%a PII1 3-kinase .
SCtiVITy OF an expression of 3.gens SRcodifg a BrAEHC 32RHGe MeHKaRgictic
progengrpaelting and inhibiting differentiation of said stem hematopoietic cells;

%]cdc épgigotgtgnﬁgﬁg ex Vi oﬂ(%:-x ande;d‘}.gn iffﬁientiate.d stem cells, g

Ceording to another aapect There iR Brovided X TRRHEG Bf &k Qigitured stem

cell popuéparingreppsindendi¢inatnpoidticnetis foictidopliveimmirbibesafigthethe

meﬂlod}?%f}f%%gg a%g;sl_ing: (a) ex vivo expanding and inhibiting differentiation of
progenitor emaefbpoietic cells from a patient by: (i) providing said
progeditar hefuabepdieticreells pefdavredthbodiditinn s fake del qpridifedationied
li vidin id progenitor hematopoietic cells.with an effective

belovs B B Sy O L1 Sk ML TETVAYP SAHHD 08 A dulator of

PI 3-kiselectrativdpatile ofodolannegelating azpiidckinhseowativityaingna PI 3-kinase

activinFPIRSSIONAI A 90C encoding . Fl prkinase,, thereby expanding and
inhi |t|ng5J ifferentiation of said progenitor hématopoietic cells;

According to yet further features in preferred embodiments of the invention
described below the cell population may be isolated from said medium.

According to another aspect, there is provided a pharmaceutical composition
comprising the cell population as defined above and a pharmaceutically acceptable carrier.

According to another aspect, there is provided a method of ex vivo preparing
expanded, undifferentiated hematopoietic stem cells for transplantation into a recipient,
the method comprising: (a) ex vivo expanding and inhibiting differentiation of a
population of hematopoietic stem cells by: (i) ex vivo providing said hematopoietic stem
celis with conditions for cell proliferation; (i) providing said hematopoietic stem cells ex
vive with an effective concentration of a modulator of PI 3-kinase activity, said modulator
selected capable of downregulating a PI 3-kinase activity or an expression of a gene

encoding a PI



and (b) isolating said ex vivo expanded, undifferentiated progenitor

hematopoietic cells. According to another aspect, there is provided a

method of preservation of undifferentiated stem cells comprising

providing the undifferentiated stem cells with an effective concentration of

a modulator of PI 3-kinase activity{@&aid modulator selected capable of

downregulating a PI 3-kinase activity or an expression of a gene encoding
-kina@Pth&%yasaaaﬁmigl andlifigitritiagedistemmtelisnwiteraio seichpPheMigiogoistic

in at le thC ane of the s arvesting and i Iatlng from a

cells; agg]@ elsé)nélgﬁ)sr%lé% of the eﬁ%ﬂﬁ%ée%ﬁ%%?ﬁ?%%(‘?@tf ¢'¢8lls. According

taenothey aspemrttmsreeepsqoraxwiedﬁ peeidtamefieatie Qﬂféﬁ%eﬁ'ﬁfat@@p@ﬁng
%cli#égtor .0f. PI ase activity, said modulato selecteg able of
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vivo eemoaiingmdeP dkitage &Iﬂﬁfeehmeupmdlrmo@ammhimﬁmgagﬁfemn&@mr&h a
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p [, in ngfagtenrléo(gfa eﬁli)c(:)é Sn‘i oB’iY?rr‘{ﬁ gditions for
cell pmiffmtawmem):@e\rrdmyweapxermbgeaitbiobdnﬁz{ttﬁrmdﬁaoweﬂ@ Srutis@queffbctive
ha vestl of the, cells heresis. Accardin oanoth ect,
conce ‘ﬁ%%%”is ?)%ovr ed I?é:%ursg%? an eﬁpé?vaé:%w%e %1 BERTS %ﬁfgéj faeple of
downr&xkinase 2klifHyinasichonotiylatemselectedocagfablie of dawdiiegu PRk,
3-kinase activity.o expression of. a gene encodr Pl 3-kinase, .
ﬂl}emb}%heXr%%l m%pandllr‘fé%nr%lgn gslrﬁan eren?ra%on 13 %e%é?‘i) \,@58}81%%%8 figiigfLs:
and (b)a[setemg:mﬁsi apoivoatipanistiatiodiffees Bilhenh agigbinep aibiepaidsic iccthe
anuf ctur ofa edicament inhibitin turatiop/differentiation of
Eg(c:(ﬂlrsogcg IS g{ir&% %Sgr%cégltg%mobatﬂlc%‘g%%n% anéi W ergﬁrﬁﬁ%ﬁamn of
undiffeuemmwl cfsaidaiodataoisofPhdkihise flenusdiffqatidntdsaichstetis1eixh an

II I o ac Ierat aturati sultln in. elevate feta
effecti ﬁe AGr ﬂ“
! 1rn pro |on dj ereby?ame |ora ng s%}h‘{l OI‘TSI%I fmo ulator selected

capdblﬂdfeinwgk@gid@tmwﬁm Eéummtremtvwsm diselgseshisnoofe thiad eﬁcoding aPl
3- kmas@ 1&? %%P %trJff Stenfa ¢ Igtgﬁalnc ant%tel%n Ig%?c%%rlbe\%cﬁlent thefrgnrrﬁ t%)ate})?ast

cte alnlng a population opoietie S8
one efmrbeeﬁpmsdm@ hﬂdf@ﬂirmgtragddliﬁ@denngtnﬁmmf tmechﬁmatmﬂrenmstgnof the

undiffd gﬂ@a?%’ é(): ex vr(\)/l% J%\éﬁ“ng the hematopoietic stem cells with conditions
or ce (1 pro era ion and (i) prOV|d|ng the hematopoietic stem cells ex

vhgsandtingtoeffethisreaspect, there is provided a use of an effective concentration
of a modulator of PI 3-kinase activity, said modulator selected capable of downregulating
a PI 3-kinase activity or an expression of a gene encoding a PI 3-kinase thereby expanding
and inhibiting differentiation of a renewable population of bone marrow stem cells upon
administration to the donor, in the manufacture of a medicament for mobilizing bone
marrow stem cells into the peripheral blood of the donor for subsequent harvesting of the
cells by leukopheresis.

According to another aspect, there is provided a use of an effective concentration
of a modulator of PI 3-kinase activity, said modulator selected capable of downregulating
a PI 3-kinase activity or an expression of a gene encoding a PI 3-kinase, thercby
expanding and inhibiting differentiation of a renewable population of stem cells upon
administration to a S-hemaglobinopathic patient, in the manufacture of a medicament for
inhibiting maturation/differentiation of precursor celis in a S-hemaglobinopathic patient

and wherein upon removal of said modulator of PI 3-kinse from said patient, said stem



concentration of a modulator of Pl 3-kinase activity, said modulator

selected capable of downregulating a PI 3-kinase activity or an

expression of a gene encoding a Pl 3-kinase, thereby expanding and

inhibiting differentiation of the stem hematopoietic cells; and (c)

transplanting the hematopoietic stegp cells into the recipient. Disclosed is

a method of adoptive immunotherapy comprising (a) obtaining progenitor
cells uheengdopniciitacellsifiamgopatienliil) exativaripradingaes sBHb##BGuction,

differentiation of the hematopoietic cells by: (i) providing the progenitor
thereby, amEBTiRs CYRMISTBR UvEREMP BORMREBAL Ton cefrefatation and (ii

prosdiding-tbepragenieihhepatapaiaticells With,apatfeetivg lantation into a
. concentration of a modulator of Pl 3-kinase activity, the modulator

recipiet thednetaphplEéerdduntab biaig s prsnuiies sltharaserpicsspressien!s:
(b) ex Bha gENRERECMHINGA; BB KinaRe:theis R EXRANAINE LN RIING1s by: (1)

(differentiatjon of the progenitor hematopoietic cells; and (c) transplanting

€ Vife &Eﬁ’é?ﬁ%r h@%atﬁﬁ‘@?&ﬂ@‘&@ﬂ% int6™ refgPientVisiscloerditions mdtodeell
of mobilization of bone marrow stem cells into the peripheral blood of a
donor for harvesting the cells, the method is effected by: (a) administering
to the donor an effective concentration of a modulator of Pl 3-kinase
activity, said modulator selected capable of downregulating a Pl 3-kinase
activity or an expression of a gene encoding a Pl 3-kinase, thereby
expanding and inhibiting differentiation of a population of bone marrow
stem cells and (b) harvesting the cells by leukopheresis. Disclosed is a
method of inhibiting maturation/differentiation of erythroid precursor cells
for treatment of a 1f-hemoglobinopathic patient comprising administering
to the patient an effective concentration of a modulator of PI 3-kinase
activity, said modulator selected capable of downregulating a P1 3 18
kinase activity or an expression of a gene encoding a Pl 3-kinase, thereby
expanding and inhibiting differentiation of a population of stem cells of the
patient such that upon removal of the modulator of Pl 3-kinse from said
patient, the stem cells undergo accelerated maturation resulting in
elevated fetal hemoglobin production, thereby ameliorating symptoms of
hemoglobinopathy in the patient. According to further features in preferred
embodiments of the invention described



below the method may further comprise the step of administering a

cytokine to the patient. Disclosed is a method of preservation of

undifferentiated stem cells comprising providing the undifferentiated stem

cells with an effective concentration of a modulator of Pl 3-kinase activity,

the modulator selected capable ofiownregulating a Pl 3-kinase activity

or an expression of a gene encoding a Pl 3-kinase of said undifferentiated
prolifesteon aeds(ifhe-prodingdshpearicspitelin atigasiipneotihe aEpsefeffective

harvestl iSO e of the undifferentiated hematopoietic
conceniig EonAccoralﬁaaD?g’t%ﬁ rﬂfegﬁ? lfﬂﬁ%%elﬁ%lr‘@%rr%ée FHB% n?@l%cftﬂ‘? capable of
dowmegu&!ﬂh@iad@h@rlbﬂﬂhebﬁﬁwﬁherrﬁﬁtﬂqﬁdmﬁmi withegsrnepesa R ovitingdngse,
cellsw h nutr .and cytokines, Accor to further features in
therEbpre rrecf1 %r%% Hggof{ﬁ% W@ﬁ]t?gnoadéggr%%rﬂ eotrpdierrtisend (©
transplmyig)dleaﬂmhmm&éﬁpsteﬂcmﬂéﬁmt@émaé@@)@d:ﬁth progenitor cells.
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invention deseribsa'd Iow %Ivau}%’r“é‘&i‘ CIaC&SaBIEYpe (@) obtamning
progendowrhmgathqimgtﬂ REBskifnase aqﬁmic;mor(hm exprassiegpahdigensd inhibitmg
odin PI3 kinase.may be selec dfrom the Sis n of (a).
aiftere g e B AR R SRy 2, hpsgion hettofShei
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hematop ?(lgtg;s‘é%%?%nsg?lp 5 Co f(ﬁ/é BT e an onrlg%ir%%{ ie ??S?&CE§ItY
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of a ge sy
g t?gr%gﬁp Sor a(S:%’r ?3 Stie ?n FAires mn%re arfegtaton of the

progenembhﬂdmmpts&bfctheﬂavenﬂldn) dlemspbembglmu e dadiboit dicof b B-kinasells
‘to a rggtl\{ét];{tmay be Wortmannin or LY294002. According to further features in
erred embodiments of the invention described below the modulator
daxaabl@d)f downreghuldting RioBikirasm acfi vlntgrner expressigamf eeleneo the
3-kinase may. be an antl | 3- antibod ing to
perip he% er eatucpggcirn r%g)rle errec cf men%é ot the i |r?1f\l/e&/ntlon é%c(ﬁbé (@)
admlmbiemvg tltre ml®herkmeﬁamn@odynmlbeoﬁc5ﬂmnﬁ&hﬂﬁccarﬂlﬁg fokinase
aCtIVI‘E}IUEH?g Gﬁ%%%%%'gefé&f%”%%a ?bofj gﬂ SR Otlilgtle mveip[tlg rll{%%gg ra't?:? Vity or an
e providing may ected by transien expressing the
expresapisehse gohynuciestide, thePli bézlgnm;athélsIRNA enpledite osritie inhibiting

differex@%%’@ieamﬂgyﬂlﬁigheg} %Su'e marrow stem cells and (b) harvesting the cells by
leukopheresis.

Disclosed 1s a method of inhibiting maturation/differentiation of erythroid
precursor cells for treatment of a B-hemoglobinopathic patient comprising administering to
the patient an effective concentration of a modulator of PI 3-kinase activity, said

-~

modulator selected capable of downregulating a Pt 3-



According to yet further features in preferred embodiments of the
invention described below the providing may be effected by (a) providing
an expressible polynucleotide capable of expressing the antisense
polynucleotide, the ribozyme, the siRNA molecule or the DNAzyme, and
(b) stably integrating the expressiblge polynucleotide into a genome of a
cell, thereby providing a modulator capable of downregulating a PI
kinase 3dgim§ena@ﬂ\dgpm§zdnadﬂmagaleeﬁeoaxrgesmomﬁeeerdmmf ShAUERRS and
featyr, eferre embodiments fthe inv tlo described below the
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thrombopoietin an mf)erl% K3 SR P 5%’%%‘%@%%&§ L omprising
providisg|deteafifizr¢heagro ypeorsistinghoin gidisu oe encolonyialimldatingulator of
factor ranulo te/macrophage ul factor  and
PL3 klélrayst%ropore cé%?g ‘31&850 ﬁjg%ﬁw é? art%li;grr?a%ra % S UABS e Kipase
activitythog meﬂ]:ﬂﬁ‘:iﬂlt%@ﬁbﬁ@exﬁ&kﬂ&%&@f@m Celtsnmaydtiedériveliffeomtiaited stem

ource selected fr mth Ig liconsrstrn %fhemat oretrccells eural

1
cells. ellgmo\irlgoc?elsd}?ocy cel |ﬁa§te éleh%paefcsc%ffsoem %rlf%ﬁ é‘i‘% ing and

storageadlidempdiiercetistdomercedis)imeserithymal cells, pancreatrc cells,
ocytes.a s ro a ceIIs co et fur features in
ﬁb 093 E ré'c dd SCI’XB 12? {e %I%gﬁ?c eeﬁgubed

pre errectembodiments of the mvention
below tﬂmamb)‘é@ienwdﬁrﬁm lomgnsanpowidipetiphetsl watiodufmreme andtattokines.

E(J)Ilgl al cgorq,#% e é%&%é%% tc%stl‘lil) further feat res. %g(rﬁle%%rﬁ%emn Fé"&%ﬁ?e d

invention “déscri eow e me
below tdrweimr@ml&ﬁalyafubtheatrd:johqmﬁeghe@an@brﬁ&femﬂmgaa:mptdgmmfcemm

c}fglcsoﬁﬂﬁigh%d {r%{ %{fh Qoa%{%ss tlenmp%gyer'red embodiments of the invention
described below the modulator selected capable of downregulating a PI 3-kinase activity
or an expression of a gene encoding a PI 3-kinase may be selected from the group
consisting of (a) an inhibitor of Pl 3-kinase catalytic activity, (b) an antisense
polynucleotide capable of specifically hybridizing with an mRNA transcript encoding a PI
3-kinase, (c) a ribozyme which specifically cleaves PI 3-kinase transcripts, coding

sequences and/or promoter elements, (d)



According to further features in preferred embodiments of the invention
described below the selection may be affected via CD34 or CD 133.
According to further features in preferred embodiments of the invention
described below the method, may further comprise the step of selecting a
population of stem cells enriched for early hematopoietic stem/progenitor
cells. According to another aspect, there are provided stem cell collection

an siRNAgSostemeCcalbatp amilidn and siemdaaihiwasPng-Ridisrs supigmentade) a
with an amount.of a modula Pl 3-kinase, activity, said modulator
DN A oA IS R 1T DTS RSOy o ar
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., inhibit differentiation enewable population Qf undifferentiate,
deserib el AETLEIS: KL b GGERS AT AR BV PEIGRBY L 204002
enbadimenisiatlibe fiaveniidn grseribédniielomthes mpdidateecapableaibed
ownregulating Pl 3-kinase activity or expression of a.gene encoding Pl
below G AP ablG iStot 57 B 4 R Do DR AR A G o Epperon of &
gene erdddnaselanitibedy nischedingio-pesiaithes ieatues. in preferred
mbodiments of the invention described below the inhibitor of P| 3-kinase

S Hag b ot P By 2B AR BRI RSEGH Ay veston
describtelitales ihgaefeibsl-embadini®oty ehihdiaveartian Beiscribed below the

stem cell collectipn s and buffers, may.further be supplemented with,
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to still further.features.in preferred embodiments of the invention
poly e R e A e n UL iy e SRR ol

graupdiopsistingtofustem Gethiactdn pkdf3righnaiotiteukindg, the invention

. thr opoietin and.interleukin-3, and.the Jate acting cytokines may be .

deseriog R ST B el ST G156y 8 cIETy i essie
polynuésetodegrapaiibe yté/ macesphagec lotyestinpédiimgefactide anlde  ribozyme, the
o 4 €rythropoietin. According to another aspect, there.is provided a assay for.
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v R L e i 19 SR Changos i

differshitigtion silihéucidits. Ratincyeaseialelifédremiatidimastearfipheethtention
describ¥LERS }r%eﬂﬁlibitor of PI 3-kinase activity may be an expressible polynucleotide
encoding an anti- PI 3-kinase ScFv or Fab.

According to further features in preferred embodiments of the invention described
below providing the conditions for cell proliferation may be effected by providing the cells
with nutrients and cytokines, the cytokines being selected from the group consisting of
early acting cytokines and late acting cytokines.

According to yet further features in preferred embodiments of the invention

described below the early acting cytokines may be selected from the



indicates a modulator of Pl 3-kinase activity incapable of inhibiting
differentiation, and a lack of or decrease in differentiation as compared to
untreated cells, indicates a modulator of Pl 3-kinase activity capable of
inhibiting differentiation. According to further features in preferred
embodiments of the invention despgibed below the cells capable of
differentiating may be stem or progenitor cells, or substantially

group undifferentdtecteeksidffacel I'rrrermrgmdmgﬁemrmgr deateesbfpoietin and

rred embaodiments of the invention d scri w the stem or .
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mbodrments of the 22 invention described below the assay may further
rerrlse providing the cells with nutrients and cytokines. The cytokines
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and, interleukin-6, thrombopoietin and ipterleukin-3, a actin
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Pamordatic telisill chotidodytesanihspraiaredllsmbodionding tsf stk firthation
ures i ef re odrmen .0f the invention described bel
descrio EERIGR, 0 B SRS BRI AR el Wt iR e of
selectmgram@rslaAonmﬁsr@rt@efustbmdbahfoeémmptqﬁereéd smbaediments of the

d -below the.d t ti k b lec
L T S S T B SR T e
below D@} ccibflramdt€Bfdcted via CD34 or CD 133,

According to further features in preferred embodiments of the invention described

and e

below the method, may further comprise the step of selecting a population of stem cells
enriched for early hematopoietic stem/progenitor cells.

According fo another aspect, there are provided stem cell collection bags, stem cell
separation and stem cell washing buffers supplemented with an amount of a modulator of
PI 3-kinase activity, said modulator selected capable of downregulating a PI 3-kinase
activity or an expression of a gene. encoding a PI 3-kinase, the amount sufficient to inhibit
differentiation of a renewable population of undifferentiated hematopoietic cells.

According to further features in preferred embodiments of the invention described
below the moduiator capable of downregulating PI 3-kinase activity or expression of a

gene encodng PI  3-kinase may be an inhibitor of PI  3-kinase



According to another aspect, there is provided a method of ex vivo
expanding and inhibiting differentiation of a population of stem cells, the
method comprising: (a) providing the cells ex vivo with conditions for cell
proliferation and (b) ex vivo reducing a capacity of said stem cells in
responding to signaling pathwaysanvolving a PI 3-kinase activity; thereby
ex vivo expanding and inhibiting differentiation of the population of stem
activitycetlan a&imem@ﬂmemapf the present invention successfully
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indicates a modulator of P1 3-kinase activity incapable of inhibiting differentiation, and a
lack of or decrease in differentiation as compared to untreated cells, indicates a modulator
of PI 3-kinase activity capable of inhibiting differentiation.

According to further features in preferred embodiments of the invention described
below the cells capable of differentiating may be stem or progenitor cells, or substantially
undifferentiated cells of a cell line.

According to further features in preferred embodiments of the invention described
below the stem or progenitor cells may be early hematopoietic and/or hematopoietic

progenitor cells.

According to still further features in preferred embodiments of the



FIG. IAis a FACS analysis plot showing control cell surface marker

expression with liberal expression of CD34, CD38 and lineage-related

antigens. FIG. IB is a FACS analysis plot showing RAR antagonist (10.5

M) treated culture cell surface marker expression with a similar level of

expression of WO 2004/078917 P£2T/1L2004/000215 24 of the CD34

antigen, but an almost complete abrogation of the CD38 and
inventiﬁﬁed@eﬂb&aﬁtafbl@m\ﬂgﬁ@ expression, Retkamparediie ¢eotialscFite LElls dith

analysis plot showing RAR antagonist (10"6 M) treated culture cell

nutrlengs ?ﬁ’f &t expression with a similar level of expression 5 of the

Chsdvasitigenchubanabriedticampieterabsogationiog hecaD38cand cytokines
d lat meaﬁe relzii ted antigen expression, as compared to controls. FIG. 2Ais a
ana laig ?’38 Py P&Yllected by FACS analysis showing comparable CD34+

Gfedbebd]ﬁg]mm{ﬂiléfﬁnheeofﬁdiﬁlra@deﬁﬁf&ﬁé@lg@ﬁiSbﬂi@@éﬁfi elltEEesSnddhtion

Bi h of data c Ilected sis showin markedl
deseriog e S S RaD i T ik EPH Rt of
stern ceahfagon IST Fédipaan!, iateeitheiriite th@aﬁ:bdi}iﬁe?iﬂ\/hﬁ@ ﬁh@i@ﬁﬁ’@k@%,, ﬁﬁl the late

dt trol h f dat llected b
wting SYLPECHINIAG: T2 RAHRoy b RAnEB BT CHPRRLIBN e geleny

smnulamggmgmﬂé\d?tmopﬂagwealmmhmumthg fiecl Qrkl eFAB FpMetin.

conee tratl aged to controls. Fl is.a graph

COEEEAES, 'g U ysfs ?eveah%gprggmpgraeb%)?flﬁgﬁqg %%5 invention
descrlbedmdwoﬁlmptmmmmapdﬁ skeediny Hoeoatwln2d MdchaBMmuﬁtl@smp
con51st1n s were treated1 ith an I?A ant HIS'[ 10" an ]k NL‘}%

P el LS B BT SR . rb epai

cells, eﬁibﬁﬁmaziobﬁﬁl%)ﬁ;l}mmweﬂe seibjebted teldy) addittohghpositie jsahet&m cells,
chondrSieR, g)no ngACSHa\nalyss A marked increase in expression is seen,

%J ind 11 Weeks post seeding in cultures treated with RAR

&rﬂagﬂmgtﬁpaslmﬁmﬂ)mpmchmmtmlﬁened embodiments of the invention

described below, assessing changes in differentiation may be effected via differentiation
markers.

According to further features in preferred embodiments of the invention described
below the differentiation markers may be selected from the group consisting of CD133,
CD34, CD38, CD33, CDI14, CD15, CD3, CD61 and CD19.

According to another aspect, there is provided a method of ex vivo expanding and
mhibiting differentiation of a population of stem cells, the method comprising: (a)
providing the cells ex vivo with conditions for cell proliferation and (b) ex vivo reducing a
capacity of said stem cells in responding to signaling pathways involving a PI 3-kinase
activity; thereby ex vivo expanding and inhibiting differentiation of the population of stem

cells,



FIG. 3B is a graph of data collected by FACS analysis showing
comparable CD34+CD38- surface expression up to 2 weeks post seeding
of control and RAR antagonist and cytokine treated cultures, (as treated
in 3A), in samples subjected to an additional positive selection step. A
marked increase WO 2004/07891Z3PCT/IL2004/000215 25 in expression
is seen 9 and 11 weeks post seeding in RAR antagonist treated cultures,
ddcempadanctoscaitiolprdstht Blcstiagapteoffiiicadatestadiyshéedmings
analysijs showing ephanced CD34+Liri, surface ession by 2 week
of the SIS SARVSF RoR B Rt et RalE &R L RS ATy v
delayingorhparelifftocoontiobs bin samitesnsubjeitte o8N addiliondipssitissepression,
... selection,step. A markedly increased expression is seen in the groups
acmmyfr%%%%oé \?\/lltﬁgg%ﬁeastlﬁgggﬁ%t by 9 and 11 weeks post seeding. FIG. 4 is a
JitapleobdditacotecfethbyFAGH anatysimandthd:CsGcdsstinlapiliydresses the

showing.:high levels of CD34+ cell proliferation and long-term colo .
shortco B S e L SRR B R R P At ime
expansiantafjonistabhtt atcomiibaiiothofihmehayiwkivasniscdhelis, sp 40 @livein an

i 12 weeks post seeding. At 10 weeks 1.weeks (CFUs and CD34 . .
expand R R ) SR R ot S o R g taion
of cellsFAGSiahdiysisquisitofahdmegativé cpatcohshowing no background

faining. . 5B is a, FACS analysis plot of the itive control of , .

PR P R oA AR ¥ BB TR R i of
manufa§@nis dsFRSS andlysteplotpidtvaiRARaskHponst tradiedeading dlsXoR0wing
descﬂpw&%ks post reselection showing a marked leftward shift in profile,

consistent with a less differentiated state. FIG. 5D is a FACS analysis plot

of the RAR antagonist treated cultures (10-7) 11 weeks post reselection

| ~5ell ining, and a profile consistent with a
BRIE gﬁgg
RIEFSBEJ@ ?&@Bﬁ%ﬁ% ; gla FACS analysis plot of the RAR

ahmmmﬁqmm@drgmtdégibed, by way of example only, with reference to the

accompanying drawings. With specific reference now to the drawings in detail, it is
stressed that the particulars shown are by way of example and for purposes of illustrative
discussion of the preferred embodiments of the present invention only, and are presented
in the cause of providing what is believed to be the most useful and readily understood
description of the principles and conceptual aspects of the invention. In this regard, no
attemnpt 1s made to show structural details of the invention in more detail than is necessary
for a fundamental understanding of the invention, the description taken with the drawings
making apparent to those skilled in the art how the several forms of the invention may be
embodied in practice.

In the drawings:

FIG. 1A 1s a FACS analysis plot showing control cell surface marker expression
with liberal expression of CD34, CD38 and lineage-related antigens.

FIG. 1B is a FACS analysis plot showing RAR antagonist (10° M) treated culture

cell  surface marker expression with a similar level of expression of
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(10-5) 11 weeks post reselection showing a marked leftward shift in
profile, consistent with a less differentiated state. FIG. 6A is a graph of
colony forming unit data showing that both long- term cultures pulsed for

WEh T8 eeks with the antagonists or cultures WO 200487 B&2f04/000215
PCTnL2004/000215 26 administered RAR antagonists continuously
reveal a 5-fold increase in CFU c¢ tent as compared to control values.
FIG. 6B Isfﬁgi aph of cell enumeration data showing that long-term

of HifnfrEl St Hs BHtGPHERPSE SORRIES AP ARAEGBNR PG, D58 and
hne%%%t@etet%t RRARFRRAM st eI U Yofe¥Ral a 5-fold increase in

content as compared to control values. FIG. 7 is a graph of mrxed

coraigafotm‘mg anitAlath shdwsify pheit bb@wm\dimmme@bmébdtd}

frr with the antagonists.or cultures. a m| istere
weafi e S R AR AR 80 Bl e SR RTer Rosion,
of genpaed mtﬁgatrowalae%tmﬁstpmeptmatmﬁgmtdrngftﬁe rtmrmamd
r CFU values. FIG. 8Ais a photomlcrograph of three weeks old primary

lingpgs-ielaitd AHEsESRHER /AT MBA S4B SRS were probed for

expraesionof @- fetoprnielvr (AER) apfcauntesstained %@emagﬁmﬁg

Moderate AFP 15 Staining is evident (red- brown precipitate). FIG. 8B isa
corphetaphicrddiAp el ehpeasvericwilisprimanithbpadoRyiR. airarsdsistraed
t[rlom mice. Hepatocytes were incubated in the presence of 10- 5 M
re]f|n0|c acid receptor antagonist (AGN 194310) and were similarly probed
for AER. expreissigngamshcodniustagudi@owth bemBAAXylinndighs showing
194 10 treated 20 he ato gtes revealed a marked increase in AFP

(445 3t ofSneRsIogal Ry els ARt ESARIRr dph T R
an@'gedﬂaa '&E%t'r@ﬁ&tﬂyte@itﬁ%@'fb TEMary UBRENERalGY IR Culkserd to

revealing cell morphology. Few oval cells were noted in this sample (thick
CcORFRddy), in contrast to numerous hepatocytes 25 with typical morphology

(narﬁ&l.aﬁrewgs a graph of data collected by FACS analysis showing

m

markedly enhanced CD34'Lin" cell expansion levels in response to RAR
antagonist treatment, at either the 107 or 10”7 M concentrations, as compared to
controls.

FIG. 3A is a graph of data collected by FACS analvsis revealing
comparable CD34” surface expression up to 2 weeks post seeding of control
and treated cultures. Cultures were treated with an RAR antagonist, 10° M and
107 M [or 41 pg/liter to 0.41 pg/liter] and a combination of 4 cytokines (IL-6,

| TPO, FLT3 and SCF), and were subjected to an additional positive selection

step prior to FACS analysis. A marked increase in expression is seen, however,
9 and 11 weeks post seeding in cultures treated with RAR antagonists, as
compared to controls.

FIG. 3B is a graph of data collected by FACS analysis showing
comparable CD34"CD38 surface expression up to 2 weeks post seeding of
control and RAR antagonist and cytokine treated cultures, (as treated in 3A), in

samples subjected to an additional positive selection step. A marked increase
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FIG. 9B is a photomicrograph of giemsa stained, primary hepatocyte
cultures incubated in the presence of 10-5 M retinoic acid receptor
antagonist (AGN 194310). Antagonist treated cells showed a marked
WihgveseB9t’oval cell population (arrow). 30 FIG. 9C is a ph8tGil g ont S
of giemsa stained, primary hepatocyte WO 2004/078917
PCT/IL2004/000215 27 cultures ipgubated in the presence of 10-5 M

' pelsiasidkreceptor. ant | 94310). followed by trypsinizatio
" ?gg? replating, at a%%%@o?ggg%%é%%ﬁl#gﬁ%f&%ﬁoﬁﬁ%&%@?@?ﬁ
culfescas wionrparsihiderbyptmiealed characteristic hepatocyte morphology s

FIG A js.a photomicrograph of three weeks old primary hepatocyte
cuItLIfr&egs' iséo%"at(]egd ?ro%aﬁm[i‘c ,Pa#a‘%uﬁ A With B ERplysie) whp s

enld€ded(20DmiMlinHaRMes e wamR ireRtes with 5t
194310 at 10- M to 10-1 M, p?obed fo??xpressic%% g%a%l%%%%%% R

ANAZORLE JFAEd WS mEaD Rt her S8 ncrappretiatié backgrookg in

arsiaiRing; Hndicated that the.: Is expanded in cultures supplemente

_S w}%fglgthe ajr%%gor?i%t 2’1?(19 F?E?Sit?‘é%%eg%ﬁ ‘ﬁgtl?%?gﬁ%léepOB%é &Imq(egiy

mcprseshizgssioh. of threie inetblespoltprimerchepaloRAR GORiEIESItHIES

an&sﬁa&{e% from rtnice similarly supplemented with EGF and HGF and
probeg f%sr L ression. Negligible background staining is evident

15 IRite. ab wed. driGh | OCds:a ahssersiciaoarkof i i@’%ﬂéﬁﬂﬁ@qmry
abigﬂ%ggig&/te RAR antagonist treated cultures isolated from mice, similarly

dngcBIghite reBroA e3¢ F etldnsedferktmasiadolomgeierm colony
fi jan..Sigrificant strong taining is evident ¢gred-br
e rraatng S g B SR b Seer s ikar

antpgonoThisnd graphnufitteenveietis oldytokanyshepasbeyte BORGlIaHLIes
BB e Sl spplenenednh S o or
resprditeding ehazerpogifiarrntiatesiseduasiphenotype. All figures were

FIG. 5A is a FACS analysis plot of the negative control showing no
background staining.

FIG. 5B is a FACS analysis plot of the positive control of reselected cell
cultures showing ample CD34" cell surface Staining.

FIG. 5C is a FACS analysis plot of the RAR antagonist treated cultures 2
weeks post reselection showing a marked leftward shift in profile, consistent
with a less differentiated state.

FIG. 5D is a FACS analysis plot of the RAR antagonist freated cultures
(107 11 weeks post reselection showing ample CD34" cell surface staining,
and a profile cons_istent with a more differentiated state.

FIG. SE is a FACS analysis plot of the RAR antagonist treated cultures
(10°) 11 weeks post reselection showing a marked leftward shift in profile,
consistent with a less differentiated state.

FIG. 6A is a graph of colony forming unit data showing that both long-

term cultures pulsed for the first 3 ‘weeks with the antagonists or cultures
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25 photographed at | Ox/0.3 magnification. FIG. 1IA is a photomicrograph
of first passage heaptocyte control cultures isolated from mice and
supplemented with EGF and HGF, split 1:2 following 2 weeks in culture
wandogW@itsatd for an additional week prior to probing for albRIAIL2004/060215
expression, as above. Numerous typical hepatocytes WO 2004/078917
PCTxL2004/000215 28 (small arrow) are evident. FIG. 11B is a

photomicrograph of first passage KAR antagonist AGN, 194310 (10-5 -
adf&@llﬂrtﬁf%ﬁéﬁr@%@@@% CORURORA ) #r bR Greascaif KU

corﬁ@ﬂt%@&ﬁ%é%%ﬁ@%ﬁ%%@@n- Typical hepatocyte morphology 5

(small arrow) Is evident in this frame as well. FIG. 11Cis a
photdfiicadrisph gfdirkt phsstgenimraimagdmist shostay hisgalonyiterm

ultures, cultured.apd probed as in B, Numerous characteristic oval cell
CulSHEeS, CRORE AR Ao TG TP IR AR 0%S, AT
R AT oiamicragrapisiaulonsys, megnificationonf Figweastlis, dpUeysaliRg as

numerous islets of oval cells in the RAR antagonist treated cultures,
CORpRESEHEN ENMIFPA B RS ifferentiated phenotype. FIG. I1E is a

Photagicrogranl ofseEARI RASS %ﬂﬁiﬂ%ﬁiﬁ%@kh@#ﬂﬁ?ﬂ%&@

from mice and supplemented with EGF and HGF, split 1:2 following 2
longdeks ipuduires gyudsatlifiod for fnshdditionkal wisk Khsrionttgdndsplit, ¢alamds

followin ingl additional 4 day culture, rgég]in or alhumin expressi
A s G B R R ot
comsieniasyisotated ancoeritiredsrcerie, paksageanaspiesléistibeesshest
treated with RAR antagonist AGN 1943 10 (10-5 Ivi to 10™ M).
d’r?i]ﬁ’t?éntly greater numbers of hepatocytes are evident in the 20

cultiyes, 38CoMpRIR 4, LonAlsH Magniiealane A1 0 An G Llehds A

plot presenting the FACS analysis of cultures treated with cytokines only
culfsoertroiplReRfaoagonist AGNatO340 (e bohad forceryasation af c-

RAR antaganist (10-7 M) and RXR antagopist, 3 weeks post reselection.
e e et S AP PGSR b orHELE FUAR arbIpR e AFD

staining is evident (red-brown precipitate).

FIG. 8B is a photomicrograph of three week old primary hepatocyie |
cultures isolated from mice. ‘Hepatocytes were incubated in the presence of 107
* M retinoic acid receptor antagonist (AGN 194310) and were similarly probed
for AFP expression and counterstained with hematoxylin. AGN 1943 10-treated
hepatocytes revealed a marked increase in AFP expression, as compared to
controls.

FIG. 9A is a photomicrograph of giemsa stained, three week old,
primary murine hepatocyte cultures revealing cell morphology. Few oval cells
were noted in this sample (thick arrow), in contrast to numerous hepatocytes
with typical morphology (narrow arrow)

FIG. 9B is a photomicrograph of giemsa stained, primary hepatocyte
cultures incubated in the presence of 107 M retinoic acid receptor antagonist
(AGN 194310). Antagonist treated cells showed a marked increase in oval cell
population (arrow).

FIG. 9C is a photomicrograph of giemsa stained, primary hepatocyte
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25 antagonists, treatment, consistent with a less differentiated state, as
compared with the untreated control and the RAR antagonist treatment is
demonstrated. FIG. 12B is a plot presenting a FACS analysis of cultures

wiragneas%ith cytokines only (control), RAR antagonist AGN ROABLBIEL/060215
M), RXR antagonist LGN 100754 (10-7 M) and a combination of RAR and
RXR 30 antagonists (10.7 M), 5 weeks post reselection. A marked

leftward shift in WQ 2004/078917 PGTJIL2004/000215 29 profile of the
S %%8‘35%%%% SRR GomiSts Yot 29ASeteRton frtagmust

(Adifferentiaty SRR eaeORPaEadaNih thei RefRaniaoenishifsyMent is
demonst?gtged. FIG. 13Ais a bar graph resentingét?ﬁe data obtained bya

culpie gnsdimRisdevgit rlirestoldagsy wilkhesr AR BesgomeilaNreoaded,
Chﬁﬁéﬁs%tﬂgg%‘%{&%’]g%z and a combination thereof. Comparable
p nle

CD34+ surface expressi Is determined 3 and 5 weeks post seeding
are BXidehi A ismmptedomirezganh eXpirssiovetkculdrpstmatddpaitivae

R e S
(2BPLEINI T HrabpaBiSISEaraRatiaiR KIC kaBhisd RANIA3 10 at 107

presenting the data obtained by FACS analysis of cultures treated with an
M s R @ntddomsehed N 43pesaioR R afhardnisnd Grunogssingddwith
iRatio f.Co ’ +[38' su X [ I
e o & e SR SRt A b B BRI U7 e
celinoneparelinl enprelsion snprutmrescleattid thethrttrz eosbiraligmaidRaRby

nat%?d RXR antagonists, as compared with the untreated control (cytokines
on(f)'/), the RAR antagonist and the RXR antagonist treatments is

den B0 iFHCohkb3bnifcro banarapRERSARIRS the 9@@@9%&@%@%
FACS analysis of cultures treated with an RAR antagonist AGN 194310,

CORFORRIHittatyorStd Ao crosB U arid rbRiaibr eP&dF. and HGF
o BRI AL e SUIERAD s SN 90
hewutuvesltreated with the RAR and RXR antagonists combination, as

Co%?q d&ﬂ%stgep gtt[)erfantgr%gcr%ggo{l) %%léinweéseks old primary hepatocyte
RAR antagonist treated cultures isolated from mice, similarly supplemented
with EGF and HGF and probed for o-fetoprotein expression. Sigwificant strong
AFF staining is evident (red-brown precipitate), indicating expansion of
progenitor cells,

FI1G. 10D is a photomicrograph of three weeks old primary hepatocyte
control cultures isolated from mice, similarly supplemented with EGF and HGF
and probed for o-fetoprotein expression. Negligible staining is evident
indicating a more differentiated cellular phenotype. All figures were
photographed at 10x/0.3 magnification.

FIG. 11A is a photomicrograph of first passage heaptocyte control
cultures 1solated from mice and supplemented with EGF and HGF, split 1:2
following 2 weeks in culture and cultured for an additional week prior to

probing for albumin expression, as above. Numerous typical hepatocytes
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only), the RAR antagonist and the RXR antagonist treatments is
demonstrated. 25 FIG. 13D is a bar graph presenting the total cell density
of cultures treated with an RAR antagonist AGN 194310, an RXR

wantagoerist’LGN 100754 and a combination thereof. Comp&(IE2ALAHItEAS
of cells determined 3 and 5 weeks post seeding is evident. A significant
increase of cell density in cultures treated with RAR+RXR antagonist 5
weeks post'seeding, as compare(ﬁ/vith the WO 2004/078917

(smed Bmoz004 080885t 30 untreated control (cytokines only), the RAR

antagenish angl %&%ﬁﬁ%ﬁ&?ﬁ%@%ﬁﬁ%ﬁ5@%%‘%&@%?@{ [t LRE 2

bar ‘graph presen e co -forming u ata o tures
194654 donith BV RAR antad drispiaGhe TakA1S, molRXRfanagaoistubthGM
100754 and a combination thereof. Comparahle CFU levels deter iqed 3
as gﬁ&\sa\%a@%?%@ HEP L SERABRTRIA m¥PHER] EReiasy R RIoEy

(sritAitUreSy reatetiwith e RARRNd R combination, as compared with
the untreated control (cytokines only), the RAR antagonist and the RXR

antdjénidt GréammEmipridersotretddst prreza R AR puirgpaph treated
ting the density of CR34+ cell ted |
S e I S

celtytokineikient tiapp svathowl micoitnBehdd v drifidaaiod 5 DOk Ochncentrations.

A marked increase.in CD34+ cells density in the njgotinamide_treate
LIt 1L oSSR TREERED 15 3o SN BRSEH BRI AG T

reRAIAIBS R FAS RiaRabSk Of (SIRSHHEIBRRCEHR FhBiWeRi S U A e
cell culture was supplemented with SCF, TPO, FLt3, IL-6 and IL-3

copgioRimas invihess-difffognhrsetiphanigeze: 1 mM and 5 M
con ratigns, A marked increase in.CD34+{CD38- cell nsity in th
e A s AR O R et eAROTR

cujitesentrigithdeftata nibtainad bypidasendlysithof (FD34d /HGE celidiinl 32
weeks culture. The cell culture was_ supplemented with_ SCF, TP%L gﬁﬁﬁw

followsing f [1Vo86 IBIGHELT Guit BraftiolEh RUTHRAL & SE T RREM
anBORIRMIAHNENA ARG eRSeIN 3 rbine ¢8H 4808 expression,

as above. Few hepatocytes are evident.

FIG. 11F is a photomicrograph of similarly isolated and cultured second
passage heaptocyte cultures treated with RAR antagonist AGN 194310 (10° M
to 107 M). Significantly greater numbers of hepatocytes are evident in the
cultures as compared to controls. Magnification -~ 20x/0.5.

FIG. 12A is a plot presenting the FACS analysis of cultures treated with
cytokines only (control), RAR antagomist AGN 194310 (10‘7 M) and a
combination of RAR antagonist (107 M) and RXR antagonist, 3 weeks post
reselection. A marked leftward shift in profile of the combined, RAR and RXR
antagonists, treatment, consistent with a less differentiated state, as compared
with the untreated control and the RAR antagonist treatment is demonstrated.

FIG. 12B is a plot presenting a FACS analysis of cultures treated with
cytokines only (control), RAR antagonist AGN 194310 (107 M), RXR
antagonist LGN 100754 (107 M) and a combination of RAR and RXR
antagonists (107 M), 5 weeks post reselection. A marked leftward shift in
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in the nicotinamide treated cultures is demonstrated. 25 FIG. 17 is a bar
graph presenting the data obtained by FACS analysis of
CD34+/(HLA-DR38)- cells in 3 weeks culture. The cell culture was
wewepienserted with SCF, TPO, FLt3, IL-6 and IL-3 cytokine®(With2064/000215
without nicotinamide at | mM and 5 mM concentrations. A marked
increase in CD34+/(HLA-DR38)- cell density in the nicotinamide treated
cujtures.is 3o demaonstrated. WO %04/078917 PCT/1L2004/000215 31
Pf%ﬁf& Eie CTBHS bt PreScith§ 21k Arizsaniftysid ereenb censiscmaaith
ultur ! ings, \i without 5 mM
s S ca SRS it
dethenglstedemonstrating a marked increase of CD34+/CD38- cells in the 5

nicotinamide, treated culture. FIG. I8b is, a dot plqt presenting a FACS .
anal%gleé'o %—%Se e%?écﬁ@ﬁ%ﬂesc?e %lsnﬁgﬂ? g@%%@?@ﬂ?&ﬁ?@ﬁe@%ﬁﬁs

of cytidtking stredtbiomidiho R BRNBdtnientinantne, BusrKsPestresalastiar:
The CD34+/Lin- cells are shown in the upper left part of the plot,

L%m%%?%tir@lg AaResbinatiors dlfrers s+ Gompaailan@hed4’ surface
expieetinamide v eqish sy RiG %%&E‘sdgbﬁ'%%ﬁfiﬁg” ?&9&@%%5 A

analysis of re-selected CD34+ cells from a 3 weeks cuiture treated with
masfiRskiHEscHIRhiBbreNtes s mVcwlivatinarvitie] 3vivkeks podtnetioteatiothe

Jhe (HLA-DR38)- cells are showp in the upper left part of the plot,
éemac%ﬁips, ra %ga%ér%%?ﬁse%} ifcrede8Bf dl%’@b%?#‘ﬂ ﬁtﬁ‘-jDéi -"l‘f‘éllgrﬁ}8
cotheohidetiRARidatresied sl ERFAG E9shavs theabostdammrifastof
the clonlogenic potential of CD34 cells. Cord blood-derived

(T:E)P @e?lﬂs”%éﬁeap‘i’éfe%fﬁﬁ’ quRseatingrtheadas ahlasasrintly IRAGS ekt
o e TS S SO
L@ AfiOvéfe ardayeepfobigelomy farraiiy cElmiparibiinGBRiCEIE isurface
o R Je S ST o RE S o R R R
marked increase in expression in cultures freated with the combination of RAR
and RXR antagonists, as compared with the untreated control (cytokines only),
the RAR antagonist and the RXR antagonist treatments is demonstrated.

FIG. 13C is a bar graph presenting the data obtained by FACS analysis
of cultures treated with an RAR antagonist AGN 194310, an RXR antagonist
LGN 100754 and a combination thereof. Comparable CD34%/Lin" surface
expression levels determined 3 and 5 weeks post seeding are evident. A
marked increase in expression in cultures treated with the RAR and RXR
antagonists combination, as compared with the untreated control (cytokines
only), the RAR antagonist and the RXR antagonist treatments is demonstrated,

FIG. 13D is a bar graph presenting the total cell density of cultures
treated with an RAR antagonist AGN 194310, an RXR antagonist LGN 100754
and a combination thereof, Comparable number of cells determined 3 and 5

weeks post seeding is evident. A significant increase of cell density in cultures

treated with RAR+RXR antagonist 5 weeks post seeding, as compared with the
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FIG. 20 shows the short-term effect of TEPA on total and CD34 cells.
Cord blood-derived CD34 cells were plated in liquid culture in the
presence of 25 FL - 5 ng/ml, SCF - 10 ng/ml, IL-6 - 10 ng/ml, with or

WHBUWrsfITEPA (20 M). On day 7, the wells were demi-de popalasd 499215
removal of one half the culture volume and replacing it with fresh medium
and IL-3 (20 ng/ml). On day 14, t% percentage of CD34 cells (right) and
the tatal cell (left) multiplied by the dilution factor were

(T s FEIRERRISH B BB criagprist

fre BRI ARgMELROR4/078917 PCT/IL2004/000215 32 clonogenic
potential of CD34 cells. Cord blood-derived CD34 cells were plated in

liquidieulhid iatesban gzephlpreRenng dhsreetome formigly dose(Cltdkidms:

Eli- F.- 50 1L-6 - I, 3,720 n G- CSF.-
of et Aoty A KR st BB 1S S R e
LQNIeEswere diktachiid@owithe@edimToasinrabii (MFSURP R v 3

yiokines and TEPA. On day. 7, 14 and 21, the cultures were
o TS QRGBT GV onih FEITAFRS TGRS, Bl G fueltares

trefRRIAGIRY thwithfre shdnestireoayiRkings adddEPA-asdndigatad feglisiof

the harvested medium were count and aliquots equivalentto 1 x 103

conpabtitiyeissmerntibndbidn Bémi-solidernimediah. tiee RiRberstagasls
mgg-&,]e@t#qsﬂ%gr}%ﬁg%%gwre and of colonies (21b) in the semi-solid culture,

multiplied by ution factors, are represented. denotes small colonies

andiG€l. dister D IGspR 2acbeshiog e dongHesh@liddt-ofellk BApRIGR34
red with early cyt(fkines. Cord blood-derived CD34 cells were

. cells cultu
n E&s@% iEP- 18 etk GRS pras shealemenrted o7yt B AR Osb L3,

‘[ w04k and3heorserpeeiefing TR Q) RN giedwathiae withowt MERA @O

At weekly intervals, the cultures were demi-depopulated by removal of

CORFE FHziOme eﬂ_lmﬁélvéh dm&amiir%ﬁg:niwim imdeiunsotitokiies
o 5 el o e st ek we count v

medilih. his aumberspif pediefab)ir deadigbidiradtbiyerantiSoieolenies
Cﬂgﬁ%gg@ %SH},i'ﬁ? lgd v%léle e tgl%ip”el%g ycggleculture was supplemented
with SCF, TPO, FLt3, IL-6 and IL-3 cyiokines, with or without nicotinamide at
I mM and 5 mM concenirations. A marked increase in CD34+/CD38- celi
density in the nicotinamide treated cultures is demonstrated.

FIG. 16 is a bar graph presenting the data obtained by FACS analysis of
CD34+/Lin- cells in 3 weeks culture. The cell culture was supplemented with
SCF, TPO, FL3, IL-6 and IL-3 cytokines, with or without nicotinamide at 1
mM and 5 mM concentrations. A marked increase in CD34-+/Lin- cell density
in the nicotinamide treated cultures is demonstrated.

FIG. 17 18 ‘a bar graph presenting the data obtained by FACS analysis of
CD34+/(HLA-DR38)- cells in 3 weeks culture. The cell culture was
supplemented with SCF, TPO, FLt3, IL-6 and IL-3 cytokines, with or without
nicotinamide at 1 mM and 5 mM concentrations. A marked increase in
CD34-+/(HLA-DR38)- cell density in the nicotinamide treated cultures is

demonstrated.
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dilution factors, are represented. ' denotes that no colonies developed.

FIG. 23 shows the effect of TEPA on development of erythroid

precursors. Peripheral blood mononuclear cells, obtained from an adult
whohtl7237donor, were cultured in the erythroid two-phase RGUiIH- zigH@oe215

system (23-25). The second phase of the culture was supplemented either

without or with 10 M of TEPA. Cultures were analyze for total cells and

hemo&obln contalnln [ben2|d|n€’ ositive (B+)] cells after 14 days. FIGs.

242E 8N4 e etpb &t @‘f meEpaigpece il ek IVRIrBeroRIgs W G D34+
W ltures
cerBORYATE T EETAANY 00RIP ey pnoa (7 WRKR) e

In t e absence (24a an and presence
nicstiownideytd3piCprepal€d sidesivere: shawwadnvitie I\@eﬁk&ﬂh\yaid of the

Giemsa. Magnifications: nd 6b x 600; 6¢ 1485. 5 FIG. 25
plogy, SIS UHERS oftr 4R 61 BTl O Sl mer sl
mcg{gﬁ@gﬁ{g%@&@cpéﬁtg%ls initiated cultures. Cord blood-derived CD34 cells
were plated in liquid cultures in the presence of FL - 20 ng/ml, SCF - 20

ng/MLGILL8b. ip G sighnml ol Pees T ing/iE Ak @Wﬁbﬁnssr%&-ae@mteé%ﬁ
P I indigated, Q) y. Is

ARk P DRl S, ARNes P R 5
nicotererpldeed mesle;mesokrdsniednmm The 0&34prédanttis totatloelmunther

(x1 nd the number of colonies per plate 14 d i
PR o h I SRR b BRECFORCURE Oh taHLin-
celBonTRenieRagniA avtido@iiealtnumber of CD34 cells. Cord

blood-derived CD34 cells were plated in 15 liquid cultures in the presence

of cltbkinds: 12 Sep Mighnreseting o Ko/, 4a@fsrfmﬁ@ﬂﬁpimdsd gh34+
cel RIS NETE HIPPIBURBIC AN CORARL ] o @4&@@ sTERA -

20 ItM, as indicated. On day 7, cells were counted (26 ots
nzoequwalém tb m%mm@mﬁmd&mé@d%&%&ﬁ@: meomm are

Colonl Were scor d afte (2 a). 20 FIG. 27 shows. the effe
Shggﬁlslgn e a%nogeeﬁu af)%oten é Tl uregnaﬁgﬂ%&lé %YV mmease S

CDBlood-dETiva B 81 -callk e Roiatet iatigiid:eattdaestmréhe presence of

"L e Wortdemn ettee? 0l TEPA on the clonlogenic
potential of CD34 cells. Cord blood-derived CD34 cells were plated in Hquid
culture, at 3 x 104 cell/ml, in the presence of low dose cytokines: FLT3 -
Sng/mi, SCF - 10ng/ml, IL-6 - 10ng/ml, with or without different
concentrations of TEPA. On day 7, aliquots of 0.1 ml were assayed for colony
forming cells by cloning the cells in semi-solid medium and scoring colonies
after 14 days. Results of two independent experiments are presented.

F1G. 20 shows the short-term effect of TEPA on total and CD34 cells.

Cord blood-derived CD34 cells were plated i liquid culture in the presence of
FL - 5 ng/ml, SCF - 10 ng/ml, IL-6 - 10 ng/ml, with or without of TEPA (20 u
M). On day 7, the wells were demi-depopulated by removal of one half the
culture volume and replacing it with fresh medium and 1L-3 (20 ng/mi). On
day 14, the percentage of CD34 cells (right) and the total cell number (left)
multiplied by the dilution factor were determined.

F1Gs. 21a-b show the long-term effect of TEPA on cell number and
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10 ng/ml, and either with or without TEPA - 10 M. The cultures were
supplemented with Copper-sulfate - 5 mM, sodium selenite - 5 mM or iron
25 saturated transferrin 0.3 mg/ml, as indicated. On day 7, culture aliquots
wogquivalesat o | x 103 initiating cells were plated in semi-soli@¢HgaRgnd/ 000215
Colonies were scored after 14 days. FIG. 28 shows the effect of Zinc on
the proliferative potential of CD34 gells. Cord blood-derived CD34 cells

were plated. in liquid.c s inthe WO 4/078917 PCT/IL2004/000215
S s g e e e R SR
plangdmih dgdiditbeiiEPA 316 Mk Zink/sulfate 1 pidsRnbotbr QHagoke
aliquots_equivalent to | x 103 initiating cells were plated in semi-solid
c ;

Y A LCoRRE e Soo @ cage 51, Hord-c 20w e G-
CS?ff?%QI(%Tﬁgo%%z #ﬁ/’%@gﬂ%&%&%‘&f{iﬁ?-@%@‘%m iiaed Withe

104 cor CD34 cells by plating puri in liqul
culnedsuwérethiilpfesehd® o8ICH).FLITB drmdhl 16e{bmofuppdanbiiadd Wi

0. ng/ml). with or without TE 10.,tM). At weekly intervals, the culture
Y IR b By el B it BB ST e B3 B
byatifeshinogdinenaytaleinemand daRA Al the iskicated e aksn Galgiweare

counted and assayed for colony formi;)g cells (CFUc) by cloning in

cyiiincsoiiniddidmatrdic#edudmispidiainssss oedinpar e cPul
anf%] eL RGeSy GlPning pipuRiing (P34 6813 2N Ao %ie;gl%g—solid

2.5x103 CFUc per 104’ initiating cells. 1T denotes that no colonies™ 15
meagdveloplt: FiGde8032ahn( the infthetlofuié Pultore cailt prbtiféeation(2 1b)

. CFUc and CFUc f int ice. of different combination of
e G IO o R R i et e et

deitofeigiesi Lhaoaidy dgdickinedikisrdn the presence of SCF, FLT3 and IL-6
(SCE, ELT, 11-6), each at 20 50 ng/mi, with or without TEPA (10 M). In
addifibHiscantreshdrdbe ppestraRtetishiineBar LB hGRHH cribeed

witROcRgAmb, RIbALE, ag JRdicRIsE.ALNERHHINICRAIS B CHIIASHGIS Ui
demi-depopulated and

culture in the presence of: FL - 50 ng/ml, SCF - 50 ng/ml and thrombopoietin
(TPO) - 20 ng/ml, with or without TEPA (10 pM). At weekly intervals, the
cultures were demi-depopulated by removal of one half the culture volume and
replacing it with fresh medium, cytokines and TEPA, as indicated. Cells of the
harvested medium were count and aliquots equivalent to 1 x 103 initiating cells
were cloned in semi-solid medium. The numbers of cells (22b) in the liquid
culture and of colonies (22a) in the semi-solid culture, muitiplied by the
dilution factors, are represented. * denotes that no colonies developed.

FIG. 23 shows the effect of TEPA on development of ervthroid
precursors. Peripheral blood mononuciear cells, obtained from an adult normal
donor, \x}ere cultured in the erythroid two-phase liquid culture system (23-25).
The second phase of the culture was supplemented either without or with 10 n
M of TEPA. Cultures were analyze for total cells and hemoglobin-containing
[benzidine positive (B™)] cells after 14 days.

FIGs. 24a-d show the effect of TEPA on cell maturation. Morphology
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supplemented with fresh medium, cytokines and TEPA. At the indicated
weeks, the cells were counted (Figure 30), assayed for CFUc (Figure 31)
and. 25 the CFUc frequency calculated (Figure 32). * denotes that no
wodlaniemudeveloped. FIG. 33 shows the effect of G-CSF ansld@M-10&F@n15
CFUc frequency of control and TEPA-supplemented CD34 cultures. Cord
blood-derived CD34 cells were cultured as detailed in Figures lla-c. After
one week, half of the WO 2004/078917 PCT/1L.2004100021.5 35 control
of gRtlsTEPRREIETEs WePesliphritEme dWiltriibisRssatans epdidriel md

preseleApshG Mﬁ@%i&}Q)Pq‘@ﬁamn%wﬂﬁe@ytsyﬁwa@%&%zwéé were

demi-depopulated and supplemented with frésh medium, cytokines and
stalFER Avithiaseks Brwadh dismedls Megndoatiens:dssayddtox 6FYdanad
Gd%:ig 5 frequency calculated. FIGs. 34-35 show the effect of partial or
co glse‘te medium + TEPA change on long-term cell proliferation and

CFUggrodugiions Gereftloost gaibigeGhadi celisaneteoaltired@ser and
detailed in Figures 11a-c. At weekly intervals, the cultures were

clogegrnie Spulated i uispiehamisasrith Gresh Meofudatinedc(tBlaneslls
weB0giTEeh th AbWEidIReHals. Rplkaldbe crlture ¢aRIaNt $ee!ls a0de/m

supernatant) was removed and replaced by fresh medium, cytokines with

IL-Gr withogtiik Pix-Gpatiatghainge)l Alferndifidly -the whbleapoopeiit(GIARS -
culture was.harvested rifuged,.the supernatant and half of the cells

10 e R B R Wb oLl BB s et UM aETe

coMYHBAOEBNHIRULTTGRAS Rig ghanged-AhingnRdicatRdwerRekRIELIn
number of cells (F|§ure 34) and CFUc (Figure 35) were determined. FIG.

sergg¥HisvRdiemect 8F TR AHODES tdlesglhnsishe Cortlblodd-cacted
an&BBHGRRN So‘%HJHéEege?e%ﬂ?é?'lﬁﬂﬁ%'%iﬁ%%%‘?é}b%gﬁeéiweeks 1,2 and
merate ry. *

3, CD34+ cells were en by flow cytome otes that no 20
colohléss degaibpddvisl e 3Tshons Topeffent dicdelayegeaddjimanfal BRA

o TR oI Do BT Pt U B
liquid cultures in the presence of cytokines: FL - 10 ng/ml, SCF - 10 ng/ml, IL-
3 - 10 ng/ml, IL-6 - 10 ng/mi. Cultures were supplemented with Copper-sulfate
- 5 uM and TEPA - 20 uM, as indicated. On day 7, cells were counted (26b)
and aliquots equivalent to 1 x 103 initiating cells were plated in semi-solid
medium. Colonies were scored after 14 days (26a).

FIG. 27 shows the effect of ions on the clonogenic potential of cultured
CD34 cells. Cord blood-derived CD34 celis were plated in liquid cultures in
the presence of FL - 10 ng/ml, SCF - 10ng/ml, IL-3 - 10 ng/ml, IL-6 -
10 ng/ml, and either with or without TEPA - 10 uM. The cultures were
supplemented with Copper-sulfate - 5 mM, sodium selenite - 5 mM or iron-
saturated transfeﬁin 0.3 mg/ml, as indicated. On day 7, culture aliquots

equivalent to 1 x 103 initiating cells were plated in semi-solid medium.

Colonies were scored after 14 days,

FIG. 28 shows the effect of Zinc on the proliferative potential of CD34

cells. Cord blood-derived CD34 cells were plated in liquid cultures in the
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29a-c. TEPA (10 M) was added at the initiation of the cultures (day 1) or 6

days later. At weekly intervals, the cultures were demi-depopulated and

25 supplemented with fresh medium, cytokines and TEPA. At weeks 3, 4
wants7aells were counted, assayed for CFUc and the CFURGFSga#HEP021S

was calculated. FIG. 38 shows the effect of short-term preincubation with

a single cytokine on long-term CFUc production. Cord blood-derived

CD34 cells were cultured as detafgd in Figures lla-c. Cultures were

presgppfepidiited Yhngagal, \ﬁ@zoé)ﬁ/@gfaglﬂlp@mﬁm}ocM% BBn@l’ttﬂor

nd with S FLT3 g/ I
am?/%]ﬁg icl%&%tematu \%\gﬁrc%l ﬁrg§%E?e sSupp emen ed o@d@% A wﬁ q’f
eqidiMytand FLI31GD ngtiatngs ectingleerytoking] SERehiG R Qﬁéﬂium.
each) and IL-3 (20 ng/mg were added to these cultures at day 2. At
i

Cofowigsyrestaggornd altfg LaI9M%5s were demi-depopulated and supplemented
withyfiesh faediumoeyiadnggandf E@%pﬁb&b%ﬂ% §r§h Gfillfres.

were assayed for CFUc. FIGs. 39a-b show the efféct o ine
Culhatstingregdritiated Govd K cmmutéeod:dmbmba-ﬁgavedie D34pdatiag

cul red de |Ied in_Fi 10 29a-c. helating
pungg?]its Férrael%hy néapen amlng AS %gﬂf;e? e?E Fp(r?ghgg){% fﬁ%if&)
(Sethylanedigininad BDA) girgiipneet@mipgddETAPWererdRed, akt

dlfferent concentratlons At weekly intervals, the cultures were

i abpvpisa a a%m%é%mmm@@wmmaemowlokfnbelﬁﬁ@p
cel‘f?qi@imeé\t ESitfordt 0@"?&% gﬂﬁlﬁﬁer Z%P g&?
nt optlmal ac

CFUc. The resu s prese or concentr atlons wit
ndi Al - oy c%ﬂard&MnElﬁAan&OaMamd TR Acl@yMokiGs 44kb

the effect of transitio chel agents on CD34. cell
R B b B RO ool & hCie o By B faiclalad o
nufrierre$ Z9ase pEhenahblaters Erptonshisz dpRenislaninge EENhand 20

TEPA were dded atdlffer nt concentrations. At weekly'intervals, the
W%ﬁ%r%éwg o GBR- d@ﬁo%ld@@%sﬁ%‘éﬁemerﬁ@ﬂ%ﬁ%htﬁ@sﬁ%@@mﬁs

de6 s and chelators. At the weeks 4, 5 and 7, cells were counted and

assayed for CFUCc.
F1Gs. 30-32 show the effect of TEPA on cell proliferation, CFUc and

CFUc frequency in the presence of different combination of early cytokines.
Cord blood-derived CD3y4 cells were cultured as detailed in Figures 1la-c in
liquid medium in the presence of SCF, FLT3 and IL-6 (SCF, FLT, I1-6), each at
50 ng/mi, with or without TEPA (10 pM). In addition, cultures were
supplemented with either IL- 3 (20 ng/mi), TPO (50 ng/ml) or both, as
indicated. At weekly intervals, the cultures were demi-depopulated and
supplemented with fresh medium, cytokines and TEPA. At the indicated
weeks, the cells were counted (Figure 30), assayed for CFUc (Figure 31)-and.
the CFUc frequency calculated (Figure 32). * denotes that no colonies
developed.

F1G. 33 shows the effect of G-CSF and GM-CSF on CFUc frequency of
control and TEPA-supplemenied CD34 cultures. Cord blood-derived CD3y4

cells were cultured as detatled in Figures 1la-c. After one week, half of the
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The results presented are for concentrations with optimal activity: TEPA -
10 M,PEN-5 M and CAP-40 M. 25 FIGS. 4la-b show the effect of Zinc on
CD34 cell cultures. Cord blood- derived CD34 cells were cultured as
Waetaisdsin Figures 29a-c. Zinc (Zn) was added, at differentPCT/IL2004/000215
concentrations, on day 1. At weekly intervals, the cultures were
demi-depopulated and supplemented with fresh medium, cytokines and
Zn. At the weeks 4, 5 and 7, cells #ere counted and assayed for CFUc.
conv® 20D4/B7 BONTAURET 20 0dppifadfed Tl Asbawsith e wifelo G-

OS5t SO CR RN R el oot S IR 1 i B St3s cvere
deriUliessuNREE SAPiemeatRs WEROVEROUEEERA, ALWESHY JRieryais,

the cultures were denli-depopulated and supplemented with fresh .5
At pyegikimaing PRPAS AtHHEeREIE appiatashdasarsdvdes {SERjreatdr CEUe.
i QRI?%& g folonies developed. FIGs. 43a-b show the effect of
1‘e%%pper-c eﬁa%ng peptides on CD34+ cell cultures. Cultures were initiated
withE104. cofeB3il cbaraletive df CEI3dE mattmbyrplatimglqiarifiedioed|sHirTiRAd

medium jn the presence of SCF, FLT3 -6 i0 (50 ng/ml each) and the
Ch%@%p%l}-lg?ﬁl&%égﬁ%ﬁﬁ%?eg,r -@F@Hi@é& 6ris -uﬁti’éllll_ys%@ﬁgL@ﬁ?ﬁM
degeah)Coithe dale-actiogeiiakings aaélﬂ@acxﬁei@gﬁe(@ G3F) adweekly
. granulocyte macrophage-CSF (GM-CSF) (10 ng/ml each). At weekly

ntgrvalya SR uReT ey Werdeandeaepdptid cadivppisplentehadivifresh
meﬁﬁﬁﬁ !H%SCXIE% JA@ ngAm%&%eﬁﬁ ?ﬁrgggg W%?%ﬁb %elf vgecr entent

counted 15 (Figure 43a) and assay orming cells In culture
(celCRiDd, Eipmatddh)wEiGedd shbugl thep bheth ioalfetshictediofdy ansitities

.metal chelat ed in.an assay according to.the present invention
e R B B e e s bt S St B o
culingtice oelhdifferentiatenrA0det G sudSadpehewv-photadraphs of the cells

hepatocytes cultures that were ex-vivo expanded with (45a-d) or without

disa5ief) AREPACTEIRUEING SRYS e B 1Eerl i el T R CEO HARFBSIHG L oF
wifbSKTB8Se @ mplete change). At the indicated weeks the mumber of cells

(Figure 34) and CFUc (Figure 35) were determined.

F1G. 36 show the effect of TEPA on CD34 cell expansion. Cord blood-
derived CD34 cells were cultured as detailed in Figures 29a-c. At weeks 1, 2
and 3, CD34™ cells were enumerated by flow cytometry. * denotes that no
colonies developed.

FIG. 37 shows the effect of delayed addition of TEPA on CFUc
frequency. Cord blood-derived CD34 cells were cultured as detailed in Figures
2%a-c. TEPA (10 pM) was added at the initiation of the culturss (day 1) or 6
days later. At weekly mtervals, the cultures were demi-depopulated and
supplemented with fresh medium, cytokines and TEPA. At weeks 3, 4 and 3,
cells were counted, assayed for CFUc and the CFUc frequency was calculated,

FIG. 38 shows the effect of short-term preincubation with a single
cytokine on long-term CFUc production. Cord blood-derived CD34 cells were

cultured as detailed in Figures 1la-c. Cultures were supplemented on day 1



10

15

20

25

hematopoietic stem cell differentiation. The graphs show a representative
FACS analysis dot plot of early CD34+ cell subsets, re-purified from
2-week 25 control and Ly294002 -treated cultures, using a MiniMACS
weDB4psetenitor cell isolation kit (Miltenyi). The purified cels TiERo04/000215
stained for markers CD34/CD38 and CD34/Lin (CD38, CD33, CD14,
CD15, CD3, CD61, CD19), using PE and FITC labeled antibodies, as
described. The percentages of CBf34+CD38- and CD34+Lin- cells are
wighovmithabic TS (i ofihegloih SCEIES 147 N ahd 40 Bghtwatis efféct

IL%f @ibiti/o of PA -kin elonW 2004/078917 CT/1L2004/Q00 15§§
el B8l <Al BRI RATBSS, Wt s RIS 0 a0 d
TEReeks) GUiDrasd FIEs aEgangam(cent einsldkingsnd 7 BLANU DESRNES m]

Gg__rY294002 47A) of the PI 3-kinase inhibitor (Sj.MIL) is shown. Cytospin-
cagib pafesided warelkaisen adrBdVigy tsrentvaiaresisinday Rote\heeekly

o A0B5 e urrone i o B LR AR
methaaro phaddakkend JdEPan ce\o thia meivposi armeisnortie rewsanshagiah fan

C e control cultures (Fig. 47B). Scale bar equals 500Mm. 10
SCRIPTION OF THE PREFERRED EMBODIMENTS The present

invenfigy iscalingipeda ot SxpessntaRRRURINAL HemtCelTwhle at
the same time, substantially inhibiting differentiation of the cells ex-vivo

culiiior oy bleadrersns ddins el simertbinedcarstelailed I Bmaient

e e ; i
O N R oA B0
etigifterdrtiatiine WREHADitethyibiledcatiorprBidh wasipedpdgatediramine
ifically in.thi _ th t inventi b dt ide
R R AR R o EETERIE i R JEEIBI, he
cubtpRlicaliens iadgmpianaisiiecel0 tansklastaionsyiand fraeneration of

stem cells suitable for genetic érnzjg}l[iguIations, which may be used for
b

cyHinREr e BhRpy A AREER fedtiosslin yerstauatas antdessared
folliied toradqRivRd @f@éﬁ%ﬁéﬁe‘{?@%r concentrations with optimal activity:

TEPA - 40 pM, PEHA - 40 uM, EDA - 20 uM and TETA - 20 uM.

F1Gs. 40a-b show the effect of transition metal chelating agents on
CD3y4 cell cultures. Cord blood-derived CDay cells were cultured as detailed
in Figures 29a-c. The chelators Captopril (CAP), Penicilamine (PEN) and
TEPA were added, at different concentrations. At weekly intervals, the cultures
were demi-depopulated and supplemented with fresh medium, cytokines and
chelators. At the weeks 4, 5 and 7, cells were counted and assayed for CFUc.
The results presented are for concentrations with optimal activity: TEPA - 10 p
M, PEN - 5 uM and CAP - 40 uM.

FIGs. 41a-b show the effect of Zinc on CD34 cell cultures. Cord blood-
derived CD34 cells were cultured as detailed in Figures 29a-c. Zin¢ (Zn) was
added, at different concentrations, on day 1. At weekly intervals, the cultures
were demi—depopuléted and supplemented with fresh medium, cytokines and

Zn. Atthe weeks 4, 5 and 7, cells were counted and assayed for CFUc.
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treatments for multiple diseases, such as, for example,
(3-hemoglobinopathia, implantation of stem cells in an in vivo
cis-differentiation and trans 25 differentiation settings, and ex vivo tissue
wonghsesing in cis-differentiation and trans-differentiation settingsot @215
present invention further relates to expanded stem cell preparations and
to articles-of-manufacture for preparing same. The present invention
discloses the use of various molectiles (also referred to herein as agents

andfHnddusheors) thsr shiterteringTnith Pr PeainhesalBblesprédesicnd £y
Iyi h i ' ' [ f st I WO 2004/Q078917
e U A8 BT O PR e ffatét

Figwamifie;¢o Delatepoietcstpiveetssdividige nuthberTBPA. At weekly
undiffer ntiat(i‘d CD34+/Lin (CD33, CD14, CD15, CD4, etc.), as well as
B S8 8 AmirdgRebiAE e rhunRiceatid Deibafiesh

md@iehN Ay IRy benuseebiar BXndve, aRd/ AN Wya SXRansienpf stam 5
cells, of hematopoietic and other origins, maintaining théir self-renewal
deppisnitial fn eplpmicvidevsloprdvivo application which requires a large

popwat < I ing.the present invention ractice,
S T B S e b R e e
culirithsP | Gulinesevenrer esisiatnd Toidn 6T antviilooepiaseth€processlts by

S R e e
(smﬁghﬁpr@@&ma%@mm%immst@@@%&m a8 LB 181y

weeks of expansion, the cells begin to differentia ence, the effect of

Hignexe (HbEe didsndtensksitsie tha biseronngozytokings gl pel€ 8R-(Go
i ibed does.nat in t ing, int I
OSSR A TR e Drccto

weekllp wasGR34Heerulohes hemaiepiaipaalistsiemnachpaiipregenitar

cells) and, maost surprisingly, also, when the source of cells included the
ﬁeéﬁdﬁ&ﬁ&ﬁﬁoﬁ ﬁqé’ﬁ%%&%@%atlﬂ%d &8 (WHER Sreetlbnvetw REBRsbd

(Figalls, #9aichrinchidos: SR cBIORE AL AN camitted cedsiowere ysed:As

is described in the
3b).

in

FIG. 44 shows the chemical structure of transition metal chelators used
in an assay according to the present invention, which can be used to determine
the potential of any chelator io arrest or induce cell differentiation.

FIGs. 45a-f show photographs of hepatocytes cultures that were ex-vivo
expanded with (45a-d) or without (45e-f) TEPA for five weeks.

FIG. 46 illustrates the effect of inhibition of PI 3-kinase on
hematopoietic stem cell differentiation. The graphs show a representative
FACS analysis dot plot of early CD34+ cell subsets, re-purified from 2-week
control and Ly294002 -treated cultures, using a MiniMACS CD34 progenitor
cell isolation kit (Miltenyi). The purified cells were stained for markers
CD34/CD38 and CD34/Lin (CD38, CD33, CD14, CD15, CD3, CD61, CD19),
using PE and FITC labeled antibodies, as described. The percentages of
CD34+CD38- and CD34+Lin- cells are shown in the upper left of the plots.

FIGs. 47A and 47B show the effect of inhibition of PI 3-kinase on
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Background section, presently there is no disclosed technology by which
to expand non-enriched stem cells. Furthermore primary hepatocyte
cultures incubated with agents 25 inhibiting CD38 expression, revealed
wearrinenegmse in the proportion of cells producing a-fetoprotehtBReet/000215
inducing the proliferation of early hepatocyte populations.
Antagonist-treated hepatocyte cultures grown without cytokines persisted
for at least 3 weeks in culture, a fofding in stark contrast to previous data

h@mt@ﬁﬂttﬁi@rﬁmwlhﬁp@@@ﬂmw rﬁ@rewm@priﬁv@wheh@poyﬁesﬂm 803

exten eriods qf time in_culture ecial the tokines
W R ad s B T COUTE: 2 ey, 5 e Rrseie
(LIR3061-8DAH IO ﬂﬁﬁ: &ﬂ%&iﬁ@t\f PRHBbORRYS pﬁ%&? Mﬂ@ﬁnm@?/twhﬁﬁl

256(1): 184-91; and Tateno C, and Yoshizato K., Am J Pathol. 1996;

Pl?aae shdesoppre SRS SRR ERNME Ceme. aldnis g rounded
p?@&giﬁ@%@ tﬁEﬁtheé?atﬁt&tw@aptﬁtttetﬁtleatsomyﬂ%%z@m@%ted

reatment of hepatocyte culturés resulted in the proliferation of early
culjaperotyie. pdpdiaticesmpaceih thith pdisiswescephagsitiike, eypertesenot
Wi fII’S and second Ssa hIS nev d| cover, of th
lalfl%lf? es suna et?ilttoggrlt?p ﬁ%e preesceon |n\}//en hwas” %s‘é t)) Stcgle
bamegunliziid fie ex-vivo expansion of various io types of cells as is further
detailed hereinunder and exemplified in the Examples section that
follows. The principles and operation of the present invention may be
better understood with reference to the drawings and accompanying
descrlptlons and examples 15 Before explalnlng at least one
At S ERIBRER REL| IbékNderstood that the
invention | of, Itmlte in its applicati the d |Is of con ct|o
the aqrt;%n%%%entl%ﬁﬁemc%Fﬁpognlelﬁ gcgt %rff?ti ngf&|8\,\P H dggcrlp‘ct
cetlsjlukitatadin EBmEmpt&ﬁ;sﬁﬁmnyﬂﬂamm@fﬁﬁem&bie)ﬂﬁmh@ﬂs
embodiments or of being practiced or_carried out in various 20 ways. Also,

Q0 PUYR LTSI thit 1B IFRESEIBR and teimiRBlgYy facilitates the

efficient use as a therapeutic ex-vivo cultured cell preparation, which includes

an expanded, large population of renewable stem cells, in which differentiation
was inhibited while cell expansion was propagated. Specifically in this respect,
the present invention can be used to provide ex-vivo expanded populations of
stem cells, which can be used for applications in hematopoietic cell
transplantations, and in generation of stem cells suitable for genetic
manipulations, which may be used for cellular gene therapy. Additional
applications may include, but are not limited to, adoptive immunotherapy,
treatments for multiple diseases, such as, for example, B-hemoglobinopathia,
mmplantation of stem cells in an in vivo cis-differentiation and trans-
differentiation settings, and ex vivo tissue engineering in cis-differentiation and
trans-differentiation settings. The present invention further relates to expanded
sten cell preparations and to articles-of-manufacture for preparing same.

The present invention discloses the use of various molecules (also
referred to herein as agents and/or modulators), for interfering with PI 3-kinase

expression and/or activity, thereby inducing ex-vivo expansion of stem cell
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employed herein is for the purpose of description and should not be
regarded as limiting. CD38 is a member of an emerging family of
cytosolic and membrane- bound enzymes whose substrate is
wpoicetimemtide adenine dinucleotide (NAD). 25 Two of the metahnlites /000215
produced by CD38, cADPR and NAADP, have been shown to induce the
release of intracellular calcium in cells isolated from tissues of plants,
invertebrates and mammals, suggésting that these metabolites may be

popisiEina gukdiazodHtianPYedp dp etk et SO U Bt cCm cc¥8);

. 85-793).. WO 2004/ 917.PCT/ 000 1 n i en
SRt e oSt oo S (o ke b i L el e i

etchiLaS0setllac@Dbe iTIDBR U getindiCBo apd is” actiomIaniesbbylaand
magssive expression of CD38. Concomitant with CD38 expression was the

vergelliniGrBO Bt BRD PR UsHH I95tRTY B HHaNe S B H dHSEE B

celtiffesentigtion,Riggesing agrysakeiesfonGRRanmansistenty rireatpant

of HL-60 cells with a permanent inhi itor"of CD38, nicotinamide, inhibited
potisotiathéoC DBY efizyimatioactivivjvananitierbatativhick orequpresifis large

blockage of CD38 expression was achieved by using morpholino
po%%?%é}r]?s%fo% |Ignocr:1%%:ﬁéotides targeting its MRNA, which produced a
corregpibn dinmdiadniibivessaftdiffecarbation macniet, (MunshimBrstaaiiiR,
Lee HC, J Biol. Chem 2002 Dec 20;277%51):49453-8 . Qther studies have

fougphibatapadppienihatmis GReplee Sighaifdren BlogbAronass expression
an@iffiershtiation Shesk e teatment,ef HeahRrageniier Gells Wit and

CADPR mediated a significant increase in colony size and colony output,
stirpaigbgsiying aralpaet Gerihatoabetivée ael Del8RipAbtngad GaeniostEm

~cell expansion (Pod ,(2000: SEB :680-690). In a more r.
T S e e R e EEA e O BN E
thanffdlbmappistiustbinl Gelis ditooiftachataitbhl Gy SElPbride weldfacdmissed
(Podesta (2002) FASEB J. Dec 3 epub ahead of print). In this study a dual
hengs e HiscPBRERD PRESH RRIFEH I B IR progle AiRSHs VrAS T dFREE Shed

celiR ¥¥Qivo as herein described does not result in the cells transforming into a
cell ime.

This unexpected effect was surprisingly obtained when the source of
cells was CD34” enriched hematopoietic cells (stem and early progenitor cells)
and, most surprisingly, also when the source of cells included the entire fraction
of mononuclear blood cells (whole fraction of white blood cells, which includes
stem, progenitor and committed cells) were used.  As is described in the
Background section, presently there is no disclosed technmology by which to
expand non-enriched stem cells.

Furthermore primary hepatocyte cultures mcubated with agents
inhibiting CD38 expression, revealed an increase in the proportion of cells
producing o-fetoprotein, hence inducing the proliferation of early hepatocyte
populations. Antagonist-treated hepatocyte cultures grown without cytokines
persisted for at least 3 weeks in culture, a finding in stark contrast to previous
data indicating an almost impossibility in growing primary hepatocytes for

extended periods of time in culture, especially in the absence of cytokines
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essentially, enhanced proliferation of committed progenitors responsible

for improvement of short-term engraftment; and expansion of human

stem cells with increased long-term human engraftment into secondary
wieoipiameiHence, these results suggest the use of CADPRpom@RhigY®00215

long-term expansion of 25 human stem cells. Thus, the prior art studies

conducted on human stem cells, thus far, teach the use of cCADPR, a

oduct resulting from CD38 catafflosis for ex-vivo or in- vivo expansion of
(Vi i Soie R by | B St S aE et Rioa e Biaaise

Regrto&ﬂﬁruaam@@%?%a@éf Wmmgmmﬁwﬁﬁéﬁg%%%@?

dependent manner, induced WO 20047078917 P
AmagoBedand. id BMAIAS(He B BA-BY. celig(Plarkeet atiotmmitin gphatin &ogbrs

Immunotoxicak 2002 May;24:211-26). Similarly, Birkenkamp et al showed
o S 1 K o LS Pl PRl et
inhibhihitiesatofdhe bindupedead protiferates(Bikenkamnoatahiowdiemasol

s 2000;28:1239-49). However, Kitanaka et al reported that human B-cell
hepataRwRitGRPMRERSWARCP T13 JBRESBIFRARRNS dRhibhibere revideal gfven

folles -Mm-mHﬁgq)%rﬁ\gggvinhibition (Kitanaka et al J Inununol, 1997;
159:184- 92), indicating that the role of PT 3-kinase signalling in

CD3guiagwoelutdseeaned elffacidafrigemicdeariew tu st diayetopereotfithas
S.Patent No: 6,413,773,

u I. Indeed, Ptasznik io et-al.(U ;
pre o e e e ook e HEb i ety
typ& DRinake fas indubiidieof diffstentintiemehdenite!Repyatieas Y sing

undifferentjate human fetal cells, Ptasznik et al induced morphological

Exunples SERBRR ﬁﬁfﬁé_}m’ésdifferentiation, associated with an increase in
MRiNAe ey &S iRldosulln. GECRRAN ,2NES Qﬁt%{?eﬁo\ﬂe&g}? O@é Btter

increase in the insulin protein content and secretion response
undgagieadgoibas feyebiociadinglPivandnase actvitypaithingl 2840RRions and
exag?%\i\é@regulating modulation of PI 3-kinase also increased the proportion of

pluripotent precursor cells coexpressing multiple hormones and the total

nuniegonf ¢aphinaty giferaniiaiethbelsmsigingingifiomtbase BEasUNEqs
to b%ellzlqsiderstood that the invention is not limited in its application to the details
of construction and the arrangement of the components set forth in - the
following description or illustrated in the Examples section. The invention is
capable of other embodiments or of being practiced or carried out in various
ways. Also, it is to be understood that the phraseology and terminology
employed herein is for the purpose of description and should not be regarded as
limiting.

CD38 is a member of an emerging family of cytosolic and membrane-
bound enzymes whose substrate is nicotinamide adenine dinucleotide (NAD).
Two of the metabolites produced by CD38, cADPR and NAADP, have been
shown to induce the release of intracellular calcium in cells isolated from
tissues of plants, invertebrates and mammals, suggesting that these metabolites
may be global regulators of calcium responses (Lee et al., 1999 Biol. Chem.
380;785-793).
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20 In stark constrast to the prior art, while reducing the present invention

to practice, the present inventors have surprisingly uncovered that

inhibition of Pl 3-kinase activity or expression results in ex-vivo expansion
woflamasystem cells and, at the same time, in limited differeatiatiosn.ghdinas

cells. Evidently, the prior art described above teaches away from the

present 25 invention. Retinoid receptors such as RAR, RXR and VDR

and their a%ginists, such as Vitamirr A and it's active metabolites and

VitafasEriandiirbascheen mepapstidbadrgirvdnedin didawsgtintion of the

R L B I S R E R B g s
acouichnied Syowmtashiea eliffesesitiation i0DdGer of omyeidmenaeyicCRls,
transduces its signals V@Eduction of hetrodimerization of the RXR- VDR

CXPETONE 88 S PRI HATB R AR R RYR Fecourses preceded
theHQdIme AR N ESSeRIRS doh F8 N QS NI EING ORI CHEG Sistently,

differentiation. It was shown that the retinoids are essential for the

tregigipas riinEE.- oi0 neiisardif e ariatioent inhilitosieSDHe disniptionidd,

. inoj ' ctiyity charactefizes the .human acute .

e et A O 08 e

blapleagdocHticloiée remtiesidon indisatitigahed RARSIare eidtighblegulattseae
1.norm I mﬁlﬁloid differentiation. Although the above evidence clearly

© 1&8&?@?@ %ptalf%ﬁ%é%r%k}k&inw&hatmam@o@i&qg%%%g

inlGbiiGeh e SRR FEIR WRARSIYIPRmdhRAB, a6yl iR lI9aRAHC. 7 Biol

concentration-dependent, then what is the mechanism 15 by which RAR

ChegnidiPdgatatfs miSibid dderditiation of cells that are exposed to the
unifQimg P gﬁgg' " C ntrations. of .retingids th presumably
e B R B, o Sos om

pregandpoice] winffatervialycthe Shote tpros ripetosytioEhkemicpelisH(itd?Ldells

o . B . >
il R B R o R B o e e O et it

implying a direct correlation between CD38 signaling and ex-vivo stem celfl
expansion (Podesta .(2000) FASEB J. 14:680-690). In a more recent study
reported by the same group, the effects of cADPR on engraftment of
hemopoietic stem cells into imradiated NOD/SCID mice were addressed
(Podesta (2002) FASEB J. Dec 3 epub ahead of print). In this stady a dual
effect of cADPR on buman hemopoietic progenitors was demonstrated in vivo,
essentially, enhanced proliferation of committed progenitors responsible for
improvement of short-term engraftment; and expansion of human stem cells
with increased long-term human engraftment into secondary recipients. Hence,
these results suggest the use of cADPR to achieve long-term expansion of
human stem cells.

Thus, the prior art studies conducted on human stem cells, thus far, teach
the use of cADPR, a product resulting from CD38§ catalysis, for ex-vivo or in-
vivo expansion of human stem cells.

Recently, Park et al demonstrated that the PT 3-kinase inhibitor LY294002

prevented monocyte differentiation and, in a dose dependent manner, induced
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20 myelogenous leukemias do not, even though these other acute
myelogenous leukemias express normal RARs (40)? The biological effect
of retinoids and retinoid receptors on normal, non- leukemic,
wbhemat@igeietic stem cells was reported by Purton et al. (41)rPoiiconoatias215
(41) demonstrated that pharmacological levels (1 1n1) of 25
all-trans-retinoic-acid (ATRA) enhanced the generation of colony-forming

cell (CFC) and calony-forming unitzspleen (CFU-S) in liquid suspension
PRIfIres Bf IﬁM‘%ﬁ%@F@@caﬁL‘ﬁﬁJriﬁ@?ﬁenﬁ%ﬁboi@tic%ﬁecmwhﬂﬂwﬂ@t

malutédiisthenonvastiaated the) efasta Al A TRAaWEN 25 NRAR that

antagonist, AGN 193109, on the generation of transplantable cells,

inhifatiemnet gt clies: asidvitsonasr ydpapuldiflg cBarenilt(STRASY hou

slopg-fer ul 'g% s W 4/078917 PCT/11.2004/00021
Cad (LR é?gé)(gm?ﬁqgt . § §%o§§'§g{% At A A%nrl?zaxr%e faito
208Q;9R:0 2B taiftpnaridevandiprdtitmtidm ot tamhpeive depienulaiing S TRGH

and LTRCS from L#)i I+ cells cultured in liquid suspension for

kit+ Sca- d i
PTOSPRIOES fRealaqit ,ﬁ%éﬂﬂ&% B AbiBHEd R AeSERRlsef priive

ligale-Gedisdados FareiRtabe PR Gildra AUy themdndaysoefcubiireAn
marked contrast, Lin c-kit+ Sca-I+ cells cultured with AGN 193109, an
92k Ardisatinn st tor olmps HabtkirasslsigeetingtintOAg-tesoriated stem
( ing:ahilit t disp approximately,6-fold increase in the
o S Sl AR TR o, TleeCnde
et thht thé aboteist tIRAR4DATElY retiooioacid] ineahansesdhgence) have

RSO SR P e o o G g s
stefecasb ol mhikty rapst likelyibieprarmatingihe reifierentiapionafithg 41
. primitive stem cells. Purton et al. (41) argue that these results imply an
m t&iﬁrahaleai%e@@éd figletismtinoidre e glifftnmgtiaddmenaatopiietic
B gl e aielon A W A R S
as caitutasrofgsurifiedh€ DidulicelimoféR), abthenstenticeldesinthedstineids
sec?c’r%%goagrr]igsp p%s}ite gf&% t'ciding P 3-kinase activity with LY294002.
Downregulating modulation of PI 3-kinase also increased the proportion of
pluripotent precursor cells coexpressing multiple hormones and the total
number of terminally differentiated cells originating from these precursor cells.

In stark constrast to the prior art, while reducing the present invention to
practice, the present inventors have surprisingly uncovered that inhibition of PI
3-kinase activity or expression results in ex-vivo expansion of human stem cells
and, at the same time, in limited differentiation of the cells.

Evidently, the prior art described above teaches away from the present
mveniion.

Retinoid receptors such as RAR, RXR and VDR and their agonists, such
as Vitamin A and it’s active metabolites and Vitamin D and it's active
metabolites are involved in the regulation of gene expression pathways

assoctated with cell proliferation and differentiation.
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Although in a non-hematopoietic tissue, but in accordance with Purton et
20 al. (41), Kamei also demonstrated that retinoids, especially
all-trans-retinoic- acid, inhibit the differentiation of pre-adipose cells (43).
whlemaa7aaithe hematopoietic system, nuclear retinoid receprars/Iere /006215
strongly implicated in pathways controlling and promoting downstream
differentiation of lineage-committed cells. As was shown in detail for
several 25 leukemia cell line modéls, such as HL-60, NH4, and 32D,

whithrpeninBage héginitte e st e B|oéi<‘é%r%ﬂtéﬁécmy@@uré§t &
myB RO Aia0g Al Al At NAcNANAR.A R LARRRIIAIN

spe agonléts anfisense ortrans ctlon Wlt truncated receptors is
of AsSROReV/ DR et neot frciscEls) grabedery RAFRRKBNOCRIER-RXR

differentiation. WO 2004/078917 PCT/IL20Q4/000215 45 In contr st tQ

hetrQsimarZatienin 1dukeRiseRiate i didiTHRR: Sbet%éé‘ﬁ“?egul%‘tﬁw ocyte

dirRatiwaysmcontrolling cell proliferation and differentiation. These pathways
are strictly coupled in normal cells. The only exceptlon in which these two

pro&‘iaé’é@s sbmwemmmmtm@nﬁ%éeaﬁféréﬁwhéwmmce of

nosoHRe r|esntch elf % [pliferation pathway of the stein cells.
eretfore, a ove studies do not teach the role of retinoid receptors

at tﬁélst@m@[bﬂewé kaﬂimgmthe;d(i@:,eﬁﬂnrﬁ{m Hetrenty clivgdbepres dnt

invention to rac jce it.was emon at retinoic a ni
b A B BB Yich A RS Sl TR
grakm%@%h@l&tfé%ﬁhaﬁaﬁd ﬁdi@ﬁiﬁzgxzﬁadml@ga;@rr@nﬁma@ég@mﬁs of

self-renewable stem cells. The antagonists did not have any significant
nopitECkr G diatuane#iBen. on overall cell and CD34+ cell expansion

duringtie ﬁ{“%ﬁetee{ﬁ’ﬁx‘?é"té’vfg%n L agdiion 1%%?% Qg“ﬁﬁg oo IP{&%S%&

on committed as well as multi potent stem bt small fraction of
RARe enteenGhRg meellopoprdationy dixd cﬁﬁl&élqk@@rsﬁasa‘ﬂmﬁﬁﬁﬂaﬁ&wemﬂs,

B e SE TS e peserior cel cqmpament APl
by which RAR activity regulates myeloid differentiation of cells that are
exposed to the uniform "physiological" concentrations of retinoids that are
presumably present in blood and bone marrow? Most importantly from a
clinicéi standpoint, why do only the acute pro-myelocytic leukemic cells (APL)
exhibit a dramatic response to retinoids while the other 90 % of acute
myelogenous leukemias do not, even though these other acute myelogenous
leukemias express normal RARs (40)7

The biological effect of retinoids and retinoid receptors on normal, non-
leukemic, hematopoietic stem cells was reported by Purton et al. (41).

Purton et al. (41) demonstrated that pharmacological levels (1 umol} of
all-trans-retinoic-acid (ATRA) enhanced the generation of colony-forming cell
(CFC) and colony-forming unit-spleen (CFU-S) in liquid suspenston cultures of
Lin c-kif" Sca-1" murine hematopoietic precursors. Purton et al. (41) further
investigated the effects of ATRA as well as an RAR antagonist, AGN
193109, on the generation of transplantable cells, including pre-CFU-S, short-

term repopulating stem cells {(STRCs), and long-term repopulating stem cells
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ex-vivo cultures revealed that cultures supplemented with a RAR
antagonist 20 contained higher percentages of CD34+JCD38- cells and
CD34+/Lin cells as compared to cultures treated only with the early acting
woytelsnes 1T hrombopoietin (TPO), interleukin-6 (IL-6), an FETSiigandmnc
stem cell factor (SCF). The antagonist completely abolished the
expression of the CD38 antigen. Also there was inhibition of a variety of
other lineage-specific (Lin) 25 antfbaens. The effect of the antagonist is

(LEREsiRcPammn g sppafdntferacgstealad thel fehbiatenhaerrst theatae o

el SlleekRaIN. ol aellenewal and qommiment. o ditaiepiation degsion

ulatin,
These conclusions are derive he resufts destribed herei

frofxariplesiSesiian] ‘shellinguhatdh elRAQuadtasggristidovworraguipies only
the expression of differentiation associated antigens, hut 3o not of

2ddifioge AsTAes PR SAH S I LER bR R SFA LRithe éiBmucaHadair
mo¥ G2 QLE R RCIMN2004/990219 o48 MG Peresminess nd:alselute

numbers 6f CD34+ cells were not affected by the antagonist during the

c-Tgnovetetmeetinurelimigdtieitbupdv 163 HiftagoBet Rpusarosifdcioon days

HadoQHAN YRl sefiishsualand commitment

differentiation
comes from experiments erein p?#ha:??{ara%?%tfgggggae%

aphepatocyle cuitldemicitirmin cuttprestitlBaes witicthePartaganials (41)
reve(fl((id an ig%ease in.the proportion of cells producing a-fetoprotein,
conclRdRAHERUARSE? Sttt el Gttt St eBidamehd dLedGasd:

enMéfR groliferation;aEearke heprtogyie ReRWaLoRs. Jgse eally herateeyte
populations persisted for at least 3 weeks in culture, to even in the

repsipseiieecof sigppleftdstal cyldkinesntaepostimprdddtiernatigioniisly. AGN

supplementation of the cultures with, growth factors.had po

L e T e RS haR R

difintaginish éatmentreitaledeexpatisiduofothistpdpEtion gvenifelldwing
first p,asgage, and demonstrated significar]%{tzlg/qex anded hepatocyte

eSO u IR O IBIRRG A SBEhHP PR, Riftn et ifchRity Frdietdpting
heARtageNstSiBreRll At BeltranewRl sqapability. In addition to its effect on

short-term cultures, while reducing the present

Whereas retinoids accelerates the growth and differentiation of
granulocyte progenitors in cytokine-stimulated cultures of purified CD34" cells
(42), at the stem cell level, the retinoids show an opposite effect.

Although in a non-hematopoietic tissue, but in accordance with Purton et
al. (41), Kamei also demonstrated that retinoids, especially all-trans-retinoic-
acid, inhibit the differentiation of pre-adipose cells (43).

Hence, in the hematopoietic system, nuclear retinoid receptors were
strongly implicated in pathways controlling and promoting downstream
differentiation of lineage-committed cells. As was shown in detail for several
leukemia cell line models, such as HL-60, NH4, and 32D, which are lineage
committed cells that are blocked at the myeloblast or promyelocytic stage of
differentiation, inactivation of these receptors by specific antagonists, antisense
or transduction with truncated receptors is associated with inhibition of induced

granulocytic and monocytic differentiation.



i0

13

20

25

30

invention to practice, it was demonstrated that short-term treatment with
the antagonist molecule also enabled the long-term ex-vivo expansion
and self 20 renewal of stem cells, e.g. CD34+/Lin" and CD34+38- cells.
wintesestswgly, limited exposure to the antagonist was sufficieatrin.puacecs s
a significant and impressive prolongation of the long and extended
long-term cultures as demonstrated by FACS analysis of stem cells and
the_functional LTC-CFUc. Duri_ng4ﬁwe long and extended long-term

cultBrESTREE SN BAEBRICES. dRdoBeria- i frisrasdivalptinerdstudeas
I fCEY i d ith th
e e CoRleie ol IS e SRUMANE These,
pathwesyy efehgriciitrebupled s wersshablis.to Tirinialy anyspith potehiie in
ewI&)n and extendeld Iong-term g(;]ulture.. n contrast.tq cultures treated for
DRGSR RN WIS SRS A R 8608t B
coupplergasetef SHlcmiy dupingi theextepaac Snarter Wi periad AR
2004/078917 PCT/IL2004/000215 47 cytokine-only treated cultures did

all the: hpyisistuicsgrnsioinasidhet e ofisiineid reechtornatie sismdialhg

leviDgiIalaS9repesind. Expansion of stem cells, as revealed from the
phenotype characterization, is in complete agreement with the long-term
self¥anlswadputential peseribisvediby thef thnetibnak dEEG@R i abSay.
-Both assays. demanstrate superigr.and prolonged expansion of

retflfy A3 AT O AL £ R R RS bri weleeue.

culttifeasfoeepnbpownithat R AR @ptrgenistsilibiebRAlndHaed long-term

differentiation of committed, promyelocytic HL-60 cells (25). It

locyti
EXp%g%és%gg%WW?m%ﬁﬁéﬁéqpénsfection of a truncated RAR inhibited
theygsnanss-plRassefeivsd Wﬁgﬂﬁuﬁﬁ%ﬁ%ﬁ ’nnje%QF‘te Siccs

(22). These studies, Qowever, were performed wi Ineage
on eyriaitead! el (@S andedbesifioaiiyrsdovirgnshinblibiticarof grahukscytlio

ifferentiatien induced by RA ar G-CSF. Hence, no,regulation at the stem
S s s i R R R R e
cellPurtabmdy ah (¢bhlinseiteadiings adesaribed abaye, fopulation, the
CD34'/CD38 and CD34"/Lin™ cells, belong to the stem and early progenitor

thes?

cell compartment.

Analysis of the content of these two rare subpopulations in two weeks
ex-vivo cultures revealed that cultures supplemented with a RAR antagonist
contained higher percentages of CD34°/CD38" cells and CD34/Lin™ cells as
compared to cultures ireated only with the early acting cytokines
Thrombopoietin (TPQ), interleukin-6 (IL-6), an FLT-3 ligand and stem cell
factor (SCF). The antagonist completely abolished the expression of the CD38
antigen.  Also there was inhibition of a variety of other lineage-specific (Lin)
antigens. The effect of the antagonist is specific and it is apparently targeted to
key regulatory genes located at the checkpoint of self-renewal and commitment
to differentiation decision. These conclusions are derived from the results
described herein in the Examples section, showing that the RAR antagonist
down regulates only the expression of differentiation associated antigens, but

not of antigens associated with stem cell phenotype such as the CD34 antigen.
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is demonstrated herein, using antagonist molecules to retinoid receptors
and human stem cell cultures, and inhibitors of Pl 3-kinase signaling
pathways, that retinoid receptors are involved in the regulation of stem
wodbsedfseriewal. 1t is 20 further demonstrated herein that thecadd#iooesz1s
these molecules for only a limited, short-term period to the ex-vivo
cultures media enables the continuous proliferation of stem cells with no
alteration of their phenotype for exténded time periods. Furthermore,
Ththeseefiegts sidetisolvacidmdreptof GRagonils vaienuttintisisedby el

transformation and do not resylt in any cell line 25 formation. Opposite to
antggﬁlﬁﬁég%%&%ﬁ ?gﬁfg?n%‘%t%g/etransduction with a truncated,
doninamnkneaphve RARui2:daistiiscaiwerheneinthaigulbrifeeteats of

antagonist was supplemented for only the first two to three weeks or

selésnetialsi dorcaeBimeREulrd S ERBRII2MOBL RS T oo Tin dERFERITS
o G LTl TS Rty

completelylost any cell proliferation ability
cultGrdSimmblited teitibd nitiionofsthevealtir es. 1IAG egsposdlit pryppnetion of

odifications obtained by transduction procedures that.induce. infinjtive
oo PO T RsTOR T e BT S DR Sl
celIENeVEHH UM i Ao tiRUeUeatReRVED hiRIRARRagRNiSSlithAehs.

result in infinitive expansion or maintenance of CD34+1Ligﬁ§henoty e.
These rebe benatasath acrRwaoLas P sTe domatalsesheh at $éé3e[§t’§¥‘lil§:

evdft dtgge %%Qéﬁ@g%&%égﬁqﬁggqgﬁgoﬁﬁ% %Et%%%% ﬁﬁﬁ%@%@ﬁ' finding.

Additional supportive data o ent mode oh comes 10 from
Fuettpemmentspidmmestratng thiecslls trensdticecbwith fadarsimehh o edfive

RAR remain immature even in the presence of a differentigtion-inducers
o P o R S BRI G A AT R Yeb B BT o
frigated withian &@ma@ms %@ﬁﬂﬂﬂiwﬂﬂéﬂﬁf sl sRauserdsriyesbane

marrow (BM) cells and 15 following transduction with a truncated RAR

anﬁeééqﬂ@@m}ﬁﬁsS(igga‘ﬁs@eagio@iﬁ?ﬁ}l@@@aihw@mﬁ@%we@ﬂ lfrbowing
se%%‘@%‘ﬁ@gaga' M&?ﬁ@?@aﬂ}%ﬁ%ﬁe for antagonists in cellular self-renewal

capability.

In addition to its effect on short-term cultures, while reducing the present
mvention to practice, it was demonstrated that shori-term treatment with the
antagonist molecule also enabled the long-term ex-vivo expansion and self-
renewal of stem cells, e.g. CD347/Lin” and CD34738 cells. Interestingly,
limited exposure to the antagonist was sufficient to produce a significant and
impressive prolongation of the long and extended long-term cultures as
demonstrated by FACS analysis of stem cells and the functional LTC-CFUe.
During. the long and extended long-term cultures, the content of CFUc and
CFU-mix impressively increased as compared to the content of CFU in cultures
treated only with the cytokines, which actually decreases during the long-term
cultures. In fact, many of the control cultures were unable to maintain any CFU
potential in the long and extended long-term culture. In contrast to cultures
treated for 3 weeks with the antagonist, which showed a dramatic and

continuous increase of CFU-mix during the extended long-term culture period,
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derived cells and an RAR antagonist, Purton et al. (41) demonstrated that
an PAR antagonist accelerated stem cell differentiation, whereas retinoic
acid supported ex-vivo expansion of stem cells (41). These data provided

wby:duniese 20 et al. (41) and Collins (23) favor the existencermfaioo4/000215
different, unrelated mechanisms as herein discussed. In addition to the
retinoid receptors effect on hematopoietic tissue, it was demonstrated
that receptors belonging to the retitioid receptor family are involved in

cyieifisreatibtioneptadvwaysssnidodlinphornablenthey cypassmaswel e25 ths

adult tissues development. Multiple fetal.anomalies occur in yitamin A
R a1 S0 TR = QUG E S0 LB ToP Gl A GERBRIO s,
stetfdigati)cthadveliveigaeid tan paetive pretabelittephytisMins AP edermse

some essential functions in normal development. Retinoids are also long

221655M6R oWl dhe e leRET TBp FOIb B SRlV REt RtA gthi Basa B ReE Rbarethe

' i i 4 [
o L (e B S i M blomeca,
exphosieral akiseHnddeannfplickesdelinousa:{86ps Rkl philalbheatientzgsnlts

m [ c(é%dermal interfollicular hyperplasia with keratinocyte hyperproliferation
ARt aberrant terminal differentiation, 5 accompanied by an inflammatory

reactonhef theskinhiwasthathriashowikibah RYRAMMMDRA  induced
heterodimers play a major role in controlling hair cycling, and suggested
grapgtosaitichEPEgHAlAY patrraptislamsrERYBloRRR -lphy cells (25). It
eteradimerized;yi e -teceptors.are. involyedyin | natal
Wgﬁa%?%oglli%}l}egg%v% It(t6 %H%Lowlag m%%%egt e(% the aég%//(g data, i%ﬁ)fg?cs%%gu gd
respensst tHerstase oltiesd impdsitlécakemegatldinig mPyit rec€iBré2).

gL R i, o ph ol
linbsmatdpgietici st neohevatppRibtib tsiens Cellantifodie: navEkraetaed,of
indetiggglvg}g %ngf lflélftslign (I?E][Ce%eclflz,dggelr‘ggglaattii%g’ at the stem cell level can be
concluded from the above studies.

As opposed to Purton et al. (41), whose teachings are described above, it
is demonstrated herein, using antagonist molecules fo retinoid receptors and
human stem cell cultures, and inhibitors of PT 3-kinase signaling pathways, that
retinoid receptors are involved in the regulation of stem cell self-renewal. It is
further demonstrated herein that the addition of these molecules for only a
limited, short-term period to the ex-vivo cultures media enables the continuous
proliferation of stem cells with no alteration of their phenotype for extended
time periods. Furthermore, these effects of retinoic acid receptor antagonists
did not involve any cell transformation and do not result in any cell line
formation.

Opposite to cell lines occasionally obtained by transduction with a
truncated, dominant negative RAR (22-23), it is shown herein that, whether the

antagonist was supplemented for only the first two to three weeks or

continuously for the entire culture period, all cultured cells underwent normal
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enabled large expansion of embryonic and adult, hematopoietic and non-
hematopoietic stem cells and may be utilized for transplantation of
hematopoietic cells, gene therapy, cell replacement therapy or any other
wapligaten; which requires increasing numbers of stem cellpc2arbhveo00215
utilization of a small molecule for obtaining large stem cell expansion is a
feasible, economical and safe method. Hence, in the course of the present
stu%y it was found that a series of*chemical agents that bind retinoic acid,

my ol KR o VhhrmalS e éetseatintiereredviprmplisely réusproy cell
prodiERAMIBg BlR ERGRCR AL eI BAIBH 2 (dpig) e process of
ex-vivo differentiation of stem cells, thereby stimulating and prolonging
active exivosstertocefiemepiansiomiiDeatinstseabtsigndl tignsduetionetion
imposed by the above nuclear receptors may be abrogated by inhibition
TRl S A e A
furtarses [anRBRBE leseRintRIFRANY sMOZA04RIIBAL AR HhaR04909215

50 As is described in the background section above, Pl 3-kinase, which is
RARcantagent da medieiesslbping i foieRaaspigitDIndueiigatghce of

[ iffereptiation..a trated in HL-60 and THP
O N oo e R el 5 donnn
neggtarulumppecs differentidififerdy allatiatis rettbisndsid, dicReaRentdaenist

maqunt of Pl .3-kinase, particularly at the nuclear leve| was observed. PI
ma%(l"(%eﬁSe éﬁé&gPﬂﬁ?&W{?ﬂ{mfﬁe%\%ﬁiSn RLRGE AP OdE et GcRoRacs
froMREpeamelamansitated oW g T ARSI MENIAN 2DddindreyViamin

D3 (D3) which was associated with rapid and transient increases in Pl

RAR GiriHaim dEaejae fiem 4B Werprssenrstioh a difrwsivionenduwats 3Ahce
: | e
e B A A R

RABDIntagpression in response to D3 as well as RA induction of HL- 60 cell
ulation of CD38+ protein expression were 1s

differentiation and up re
abr?aaa%gbyf@@ REPBS. RIHE ARG PP 9T BndnditRehiAnfb)
following transduction with a truncated RAR receptor, Collins (23)

occasionally obtained a mouse-stem cell line. However, using the same mouse-

derived cells and an RAR antagonist, Purton et al. (41) demonstrated that an

RAR antagonist accelerated stem cell differemsiation, whereas retinoic acid
supported ex-vivo expansion of stem cells (41). These data provided by Purton
et al. (41) and Collins (23) favor the existence of two different, unrelated
mechanisms as herein discussed.

In addition to the retinoid receptors effect on hematopoietic tissue, it was
demonstrated that receptors belonging to the retinoid receptor family are
involved in differentiation pathways controlling normal embryogenesis as well
as adult tissues development.

Multiple fetal anomalies oceur in vitamin A deficient animals as well as
in retinoic acid receptor gene knockout' mice, indicating that retinoic acid (an
active metabolite of vitamin A) performs some essential functions in normal
development. Retinoids are also long known to influence skin morphology.

When antagonists to RAR are given late in gestation, 14 days post conception
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antisense oligonucleotides to mRNA for the p110 catalytic subunit of Pl 3-
Idnase; (c) a dominant negative mutant of Pl 3-kinase; and (d) transfection
with an antisense fragment of p85a. Inhibition of Pl 3-kinase activity
wprgnentadithe differentiative process of leukaemic cells, indicatingnthab ks
3-kinase activity 20 plays an essential role in promoting granulocytic
differentiation Similarly, and as further described in the background
section above, LY294002 and woffmannin, IP 3-kinase inhibitors,
(dpshibthedr sl differeaiistianiondmourativnddnthe Bitdb wciperptichalr
tes«Western blots and in vitro kinase assays carried out on
foﬁ&%gr%%?@f&&éts s of the VDR 25 showed that D3 treatment brought

aboR Xitraitionablaicamieiscontpidingnbintdi3HonRs e apeHHNa M DRt

Simileg}l%é and as furtﬂgr described in the background section above
kegRRAGY titrehRURABAIGHIFTALEg 4BEnt<hetivale PEBHse Hktormrtiation,
aclUMRARRALYY6h AARHUALRNG RGIALLAMHR00RID 3L ihe RIBHR 7GR0

pathway blocks the process of differentiation in these cell lines

thatv RS iRkanisia IBRP Sstiepydims ™ etk Yo swingiog; 5812) B0 s:aB) diliege hair

ingi | ic.mechanism of h '
o T R S s tor k-
alpip Puetarh BinBekinals eriik nethele nuslgnaliag:pathway. hekiRegdhe ahrvetal

b ditaﬂjt m%/ be ﬁsqiﬂated that RA and VitD enhanced cell differentiation
&hds %ﬁ?l% R imeérization of the nuclear receptors, RAR&RXR and

RXREMRR wesarstieowRichdollawing. astivation: feerdit:an adgitiong!
protein, Pl 3-kinase. Downstream signal transduction by the to nuclear
POREIYSHRRR racapiears sodbe Vi 3uderisesdegdengieg Oriffeimetiagidesereptonf
ctj | 3-kinase..these receptors will further control gene
fa ex Fesg?glr%% %@D a %31 ﬁfﬁi;\?\ﬁﬁci#dt?g% APz %té}rée%]te 881 '5%?3% iaﬁgﬂ.
comhitiitiont db Rli Fecimisei em zyfmatiaddistiy foy sidei s paitieRh Sninassietic

inhibitors, down regulated CD38 expression as well as abrogated

Stﬁrenu ic cell 15 differentiation induced by either RA or VitD. Compounds

that sheciisallyrraited Rébx Ando VIRWAdUEHROh 13 cell differentiation,
enabled large expansion of embryonic and adult, hematopoietic and non-
hematopoietic stem cells and may be utilized for transplantation of
hematopoietic cells, gene therapy, cell replacement therapy or any other
application, which requires incréasing numbers of stem cells.

The utilization of a small molecule for obtaining large stem cell
expansion is a feasible, economical and safe method.

Hence, in the course of the present study it was found that a series of
chemical agents that bind retinoic acid, retinoid X and/or Vitamin D receptors
interfer¢ with proper receptor signaling. This interference can reversibly inhibit
(delay) the process of ex-vivo differentiation of stem cells, thereby stimulating
and prolonging active ex-vivo stem cell expansion.

Downstream signal transduction imposed by the above nuclear recepiors
may be abrogated by inhibition of phosphatidylinositol 3-kinase (PI 3-kinase),

which is an obligatory factor for proper receptor signaling.
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stages of differentiation of leukemic cells as well as down-regulate CD38
expression, i.e., RAR, RXR and VDR antagonists, are shown herein to
also inhibit cytokine induction of normal, stem/early progenitor cell
wditfergntiation. 20 Therefore, inhibition of PI 3-kinase activityane/ose4/000215
expression by site specific inhibitors is anticipated to result in inhibition of
CD34+ cell differentiation, similar or better than RAR antagonists and/or
nicotinamide. As is further describ¥d in the background section above,

coppeériodesaitmagliy dotivaek@iodrdrmstonsahaan ddgbidiisaseatwhidth is
[yl Pl.3- 25 ki ill b i h t Il
o B LT i S P i b AL e Dy Abirasacreis

celtlemaainatatonerain Wat mpshwatieneal Gellular gIpPaIPYIGIPPekiyeloid

chelators either accelerated or reduced the rate of cell differentiation.

leulseppisr 1K8HEe madularsasemshutiamtioh dak-@ffersHtation siangocytic

ifRailyaiARA Ak ighniraceliylar cepper cantent) %ed%%%%"i‘tmﬁ—'@‘ﬂ?\%o
2004/078917 PCT/IL20041000215 52 intracellular copper content) of Pi

padikitate awhich iecdnaobiyatorpdadissrivedp Pledtitation ofiG@BSigetion in

expression and cell differentiation..Under.lgyw coppger content (j sed by
Sbe i aptocittnt e b e b
tref@fiagthyieneniamiagyd6RMIBhHKNATDIS WHRSS AeHVEsRSMEnoifR

delay in cell differentiation. On the other hand, at high cell copper content,
rapd 806 (eSS IRNG tHerTgRp Sictiv At d; Fassringtivity eseTeeHtih witk enaturation

. tiation. T ; o "

G I
diféeqergsgion), the nicotinamide 10 (that abrogated its biological enzymatic

activjty), as well as reductjon in the enzymatic activity qof Pl 3-kinase by
reddCTan PR USRS e AE S SETI  SEOBHAREE SRSHRRE
CIthe reUnODIrEseRiREss A Sirenghninhibited £SR3 calldiffarentationdr -

Inhibitors of CD38, although active at different cellular levels, are very 15
60 el i TBREAioR stath R IrerslyEom 10 - IIRSibi s AtBCEYBEcEsinEr BETRe

abrogated by (a) the PI 3-kinase inhibitors LY294002 and wortmannin; (b)
antisense oligonucleotides to mRNA for the pl10 catalytic subunit of PI 3-
kinase; (¢) a dominant negative mutant of PI 3-kinase; and (d} transfection with
an antisense fragment of p85¢. Inhibition of PI 3-kinase activity prevented the
differentiative process of leukaemic cells, indicating that PI 3-kinase activity
plays an essential role in promoting granulocytic differentiation

Similarly, and as further described in the background section above,
LY294002 and wortmannin, IP 3-kinase inhibitors, inhibited Ds-induced
expression of both CD14 and CD11b in peripheral blood monocytes. Western
blots and in vitro kinase assays carried out on imumunoprecipitates of the VDR
showed that D, treatment brought about formation of a complex containing both
PI 3-kinase and the VDR,

Similarly, and as further described in the background section above

several differentiation-inducing agents activate PI3-kinase and the inhibition of
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transcriptional level by RAR antagonists, Pl 3-kinase specific inhibitors,
de- activation of Pl 3-kinase by copper chelators, as well as inhibition of
CD38 enzymatic activity (ADP ribosyl cyclase) resulted in inhibition of
wGRBB4eealt differentiation and elevation in ex vivo expansiearoiemnyoo0215
progenitor cells. 20 It is postulated that regulation of CD38 via the PI
3-kinase signaling pathway is a critical event in stem cell determination,
either in the direction of self-renewdl or of differentiation. Experiments

the ST Biiffe reathreaig dhesksativeardifeed nlithitetiabogets, these cell

- strated neither,additive n rgisti fegt.. 1| results

S e R R P S b otin amd s
biologieat filicilapsager@dsaahevent ivrggbtation slesiemieallss hormone
self-renewal. Without wishing to be limited to a single hypothesis, it will be

aCHﬁa&%&él%mn@m&f%mﬁ%%d@ AV Bieh ¥k rBacasiivaies a

Vﬁﬁﬁ%ﬁ?@%ﬁ%“a@%@ﬂ%@%%m%ﬂon in the stem cell, and

that the 30 novel effect of downre on of Pl 3-kinase signaling
pathwakiap thsteboce HatOiPoed/ 0738k RET h20BA0eER V5B 8nhanced
ifferentiation described. herein is the result of modification, by reduction of
Cegl %ﬁ?ﬁ%}sea activity? d hicaon of oﬁ?ﬁﬂﬁ%ﬁ?& o?gtgﬁﬁ %Flﬁ%éc‘fﬁgpmr 5
RAR®RSRuahl RXREOKINRS respepiocBgontisis, eitiohliscnawhadiscoveras
effect of modulatjon of retinoid receptors signal 5 transduction as well as
a“c%%é_ Bt Gt Hetibity VORI ki Q8@ SHGARNgE TS dpiedisiEaprby the
nuFRAH RGeS %A BANS INOL MRHOUR URES LT EllS IS ence
hematopoietic cells, hepatocytes and embrydnic stem cells. Such ex- vivo
ofethsaneied: cBitacal B dpbiiaddn beversdasinimal sitllafioniserThentotbwing

i few. 10 Hem ietic,cell transplantation.. Transplantation of .
eﬁ%??ﬁ)&%%cascél Is %1%%% béy:%i;nlélﬁlllé: ?rggf%%%%%\?@i%i §m§%95%%n
Inhib#tidedodr Maliyhanisdisaasestid/hilgieaylyirarsplagiation pracedurase
._utilized the entire bone marrow (BM) population, recently, more defined

W&ti(‘?ﬁ&%ﬁ%@%&@%@ﬁ?(@b@%@ﬁﬁ%@%1@%%%%!&49?%
diseetifignientieiman ey «stheh Ralls: viD.

Compounds that specifically inhibited RA and VitD induction of late
stages of differentiation of leukemic celis as well as down-regulate CD38
expression, ie., RAR, RXR and VDR antagonists, are shown herein to also
inhibit cytokine induction of normal, stem/early progenitor cell differentiation.
Therefore, inhibition of PI 3-kinase activity and/or expression by site specific
inhibitors is anticipated to result in inhibition of CD34+ cell differentiation,
similar or better than RAR antagonists and/or nicotinamide.

- As is further described in the background section above, copper ions
strongly activate PI 3-kinase. As a consequence, at high cellular copper, PI 3-
iinase will be very active whereas at low cell copper content PI 3-kinase will
lose, at least part, its activity. Indeed, it is demonstrated herein that modulation
of cellular copper by copper chelators either accelerated or reduced the rate of
cell differentiation.

Copper hence modulates cell proliferation and differentiation via

activation (at high intracellular copper content) or deactivation (at low
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15 could be derived from other sources such as peripheral blood (PB) and
neonatal umbilical cord blood (CB) (45). Compared to BM, transplantation
with PB cells shortens the period of pancytopenia and reduces the risks
wohimfgettorvand bleeding (46-48). An additional advantage ef raingHP@dms
transplantation is its 20 accessibility. The limiting factor for PB
transplantation is the low number ¢f circulating pluripotent
. stem/progenitor cells. To obtain endugh P13-derived stem cells for _
intfpsRUplaneRRIST wRNER RS Bl KiarRstdichysapaiigpionkdproresisp
redalifninetesnmotizalpnden e @eiendigiigcicdaton by -
reatment with chemotherapy and cytokines (46- 25 47). Such treatment is
obvibuslsr dotvstitgiste dantnotfisddead sy Thepleaoftme iho apan dectlia

.stem cells for, transplantation has following-adv S (49-50): It .
MRy K e T S e N S
leshemaiepeigtinisysian dsthinay allvigifidhe nasshforonobilizatien e, 34

. leukophoresis (46). WO 2004/078917 PCT/1L2004/000215 54 It enables
highocele GPRAGKIIGRIBE: 51 PBIEREE demttamiYorpbisiihl Tesukangsdmn

ac@&m@&g}p@g@y&ﬁg&gg}antation of recipients with malignancies,

contaminating tumor cells in autologous infusion often contribute to the 5
recufidrmetof tHenisaa skeias)siSetatting sitdsprpiirtingeCD34stdnaschits

ill reduce the.Jpad of. r cells,d e final transplant. The cultures .
L et iyt sttt by s e
(tHieabogeedictirancioeioh Selingriar d efdviring) g wftwersus least tiisEasehe

10 Clinical studies indicate that transplantation of ex-vivo expanded cells

ENZERGEE RSHIE Shil fikeees by pastesten ipard] cappessveisd Hloissidss
in RsEEHRIEAS TRalfd Wik 9&1@8?@%&%{33‘%9]91? RihRvaRdRens 4+

results do not yet allow firm conclusions about long term in-vivo
ceHelEtopuvietiorsapabilities of

Inhibitors of CD38, although active at different cellular levels, are very

potent inhibitors of stem cell differentiation. Inhibition of CD38 either at the
transcriptional level by RAR antagonists, P1 3-kinase specific inhibitors, de-
activation of PI 3-kinase by copper chelators, as well as inhibition of CD38
enzymatic activity (ADP ribosyl cyclase) resulted in inhibition of CD34+ cell
differentiation and elevation in ex vivo expansion of early progenitor cells.

It is postulated that regulation of CD38 via the PI 3-kinase signaling
pathway 1s a crifical event in stem cell determination, either in the direction of
self-renewal or of differentiation. Experiments combining different reagents,
active at different cellular targets, demonstrated neither additive nor synergistic
effect. "These results support the PI 3-kinase-mediated regulation of CD38
protein and it’s biological function as a casual event in regulation of stem cells
self-renewal.

Without wishing to be limited to a single hypothesis, it will be
understood that PI 3-kinase activity stands at a crucial intersection of
differentiation and proliferation signal transduction in the stem cell, and that the

novel effect of downregulation of PI 3-kinase signaling pathways on stem cell
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these cultured cells (46-47). 15 For successful transplantation, shortening
of the duration of the cytopenic phase, as well as long-term engraftment,
is crucial. Inclusion of intermediate and late progenitor cells in the
wisansplamdicould accelerate the production of donor-derivedamsiurecede 15
thereby shortening the cytopenic phase. It is important, therefore, that
ex-vivo expanded cells include, in 20 addition to stem cells, more
. differentia enitor cells in order to gptimize short-term recovery and

ted pro ize sl .

mf@ﬁ@%@%%&ﬁ%ﬁ%ﬁ%ﬁ% RATRENRIGR SRS Expariisatimite Avdintes g T

3-1RHERIRgRRIlTgRlS SRRaCHY maﬁi@@m%%ﬁltmewr&%gg Ak
megakaryocytic lineages, concomitant’with expansion of stem cells,

as shimlthes mesthismmgpuosts,(5it). 25 Such cultures may be useful in
restqQring hematopoiesis in recipiepts wjth completely lated bone .
art I BTy BV CUB O e F e SCRGAR penal

trafeipieiahene-nagronss ey S wig Bonven P midadie- PEnaling, is
chemo-therapies. Prenatal diagnosis of genetic defects in scarce cells:

appligabit B grodrsiEB N a5 1HEC SRPeRSIPB eiyeNT BaIRS iRdnFalls
indlREHPALMEBARI W, KINRO0AOZED LA 204 08218, ap A0
analysis thereof for genetic defects. A preferred, non-invasive, means of
vigotieptinded oty onic e lpphied|ve sevepalrativicof emitiposic Thefedmdingd
ns%'% cell precursors that have infiltrated into peripheral maternal
eireitation. However, since the quantities of these cells are quite scarce,
a furthen ot eslOtibasplesriidny eTHORPNGItG be BelexpanpisipiRf
such cells according to methods described herein, prior to analysis. The

cellsasnerioran b ttreal o f ohoisalRichrariste g5 dnbeaiss gb malismdtor

‘dicaplcationsiin REERARLABARENRCEHRR TGPVt GeeSSitlre bone

long-term gene therapy, a high frequency io of genetically modified stem
masits (RN posgiss stediptinteyratedcfiitdptsitagemnymejdsahfor stem

SPIEA ISR S s e el Sl 8 o
could be derived from other sources such as peripheral blood (PB) and neonatal
umbilical cord blood (CB) (45). Compared to BM, transplantation with PB
cells shortens the period of pancytopenia and reduces the risks of infection and
bleeding {46-48).

An additional advantage of using PB for | fransplantation is its
accessibility. The limiting factor for PB transplantation is the low number of
circulating phiripotent steru/progenitor cells.

To obtain enough PB-derived stem cells for transplantation, these cells
are "harvested” by repeated leukophoresis following their mobilization from the
marrow info the circulation by treatment with chemotherapy and cytokines (46-
47). Such treatment is obviously not suitable for normal donors.

The use of ex-vivo expanded stem cells for transplantation has the
following advantages (49-30):

It reduces the volume of blood required for reconstitution of an adult
hematepoietic system and may obviate the need for mobilization and

leukophoresis (46).
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fraction of the cell population and most of them are in a quiescent,
non-cycling state. Viral-based (e.g., retroviral) vectors require active cell
division for 15 integration of the transgene into the host genome.
woheoefmsigene transfer into fresh BM stem cells is highly mefficimat/obbeas
ability to expand a purified population of stein cells and to regulate their
cell division ex-vivo would provide for an increased probability of their
genetlc modification (52). Adoptlvé nmanothera y: Ex-vivo-expanded,

defilbangblpheRrago of BropuREea 184 kBrsisedcsha faepotential

futﬁgé)ﬂyé/e immunotherapy of various mallgnanmes immunodeficiencies,
viral and genetic diseases (53-55). The treatment enhances the required
immimthessgondevivteptasasumipiatsii dundienniFhis withroatiywasies,

|oneered clinically b Qsenbe et al. u5| Iar nyumber of
coR TR FIo £ mrodHOI Lo i RNIED 158 fe 1o the
reGURSRAUENHE MR EXPRNJeRERas Etmt@ﬁ@a&mﬂggm W@sﬂéeﬁin

Functionally active, antigen-presenting cells could be grown from a

redigpihg W&ﬁﬁ@ﬁ@f@ i HE E8 IFRB§RMte-supported cultures, as
well Tﬁ@ H{aeﬁ ﬁ&k‘é%et ar% xto nglnﬁﬁ%rﬁﬁ%%ﬁgg u\%bTJ
ects un

cells'in- V|tro a d,t us r New pros or the 0 el’apy

mmbmbf&bnﬂdﬁb\ﬂﬁg&ﬁ@ﬁ@rﬁﬁﬁﬂaﬂt REMAE f2004M00R b6 wiseaseost
& after high dose chemotherapy. Ex-vivo expansion of antigen-presenting
§éRritic cells has been studied as well, and is an additional promising

applrgﬂtmpﬁtmﬁééumﬁmaxepEﬁ@p&%ﬂsﬁﬁ@ﬂmi@ﬁyﬁzxﬁ%&éxmed cells

expansion of non-hematopoietic stem an%{)rogenltor cells: 5. Additional

degigpcEaEng Srmid tearhI g P dpBdéd FRilkitrmERTERTeREpRISHIDIRSIS Gt
16@1 1¥ﬁ‘[9 &é%ﬂ%ﬂiﬁéﬂ%ﬁ%ﬁ 8&08%5‘1 Q&&%ggzgen o Bﬁ%o{fegﬁlif do not

cluding, for exam stem cells yte progenitors,
yeaaHCtWeﬂme chmjaélxm&iisahﬂmﬁslcﬁugﬁm mpmvtah@rgmmqpmdtmjmpmbﬂmes of

neur es that are, as yet, incurable. Progress in animal

?ﬁ%&ﬁf&g ga%féﬁﬂé ‘ﬁﬁtransplanting cells of the oligodendrocyte lineage,

has regulteddassfanifieatiplantation, shortening of the duration of the
cytopenic phase, as well as long-term engraftment, is crucial. Inclusion of
intermediate and late progenitor cells in the transplant could accelerate the
production of donor-derived mature cells thereby shortening the cytopenic
phase. It is important, therefore, that ex-vive expanded celis include, in
addition to stem cells, more differentiated progenitor cells in order to optimize
short-term recovery and long-term restoration of hematopoiesis. Expansion of
mtermediate and late progenitor cells, especially those committed to the
neufrophilic and megakaryocytic lineages, concomitant with expansion of stem
cells, should serve this purpose (51).

Such cultures may be useful in restoring hematopoiesis in recipients with
completely ablated bone marrow, as well as in providing a supportive measure
for shortening recipient bone marrow recovery following conventional radio- or
chemo-therapies.

Prenatal diagnosis of genetic defects in scarce cells: Prenatal diagnosis

involves the collection of embryonic cells from a pregnant woman, in utero,
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focal remyelination and physiological evidence of restoration of function
(60). Future therapies could involve both transplantation and promotion of
endogenous repair, and the two approaches could be combined with
wexavershbmanipulation of donor tissue. U.S. Pat. No. 5,486¢389.2004/600215
illustrates that isolated human mesenchymal stem cells can differentiate
into more than one tissue type (e.g. bone, cartilage, muscle, or marrow
stroma) and provides a method fo %solating, purifying, and expanding

andh areHsin dberrsyipnsstaicces ats cuttu s e Bmeds npatinNesiBe7 363396 of
. for " rocted indut
o U o B B e

blouésehichymatsianieeheoniafilmithdibtoagtipHacibateaty eiiulation.
inducing stem cell differentiatiop into a lineage of choice. Further

Hopisuitise RS, HetbauHERSIRG MFStuEHN cififurdutgpsrse, a further
ap#ﬁ@@@&i"@‘?ﬁéj AREBRESAANNDA! Sismaells {ato é&ge&ﬂmﬁabfagﬁeipgé%

ost, for purposes of mesenchymal tissue regeneration or repair. U.S.
acryding. ¥ 6arthedpréssaabecorhpsiionsifar tepamysiefectshin present
. cartilage,and-bones. These are provided in gel form either.as sugh, or
i O ot Soty Doty LS SO 87 Bfitons
in Peenetls. dvelisoniqly be committed embryonal chondrocytes or any
mesenchymal WO 2004/078917 CT/IL2004/OO(£§5 57 arigin cells
whicH AR e P DS el R6 BB RS RAHBRA EARRAGE Bty

oftysicaitv by heuimelysiemn _EnbondraaaiisnAuaNg Jaatersa it GAmRinatian
with fibrinogen, antiprotease and thrombin. U.S. Pat. No. 5,654,186
SefRBRate s HalsayDs R pmesdn dRyiAd| esiie, Svbittitheateaindiieirecind

in-vi S astrated.in animal modegls, and are ¢ le of migratin
o e SR A B RSty e
fraevealstaimetibguidiinnegeneratiof dfean weuindaopiiesceint, amanipotibar

huma TI%i method comprises the steps of injtially coverin éhe, v,vour%d
S@fith a L }é‘ﬁiﬁ%h AT HOGRR AN EE T ke G fdcfitdiHgvision for

ini¥aseashymat eethsngdlaednessat indicationfipm fealthihe transfer into
fresh BM stem cells is highly inefficient, The ability to expand a purified
population of stem cells and to regulate their cell division ex-vive would
provide for an increased probability of their genetic modification (52).

Adoptive  immunotherapy: Ex-vivo-expanded, defined lymphoid
subpopulations have been studied and used for adoptive immunotherapy of
various malignancies, immunodeficiencies, viral and genetic diseases (53-55).

The treatment enhances the required immune response or replaces
deficient functions. This approach was pioneered clinically by Rosenberg ez al.
(56) using a large number of autologous ex-vivo expanded non-specific killer T
cells, and subsequently ex-vivo expanded specific tumor infilirating '
lymphocytes.

Functionally active, antigen-presenting cells could be grown from a
starting population of CD34" PB cells in cytokine-supported cultures, as well.
These cells can present soluble protein antigens to autologous T cells in-vizro

and, thus, offer new prospects for the immunotherapy of minimal residual
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underlying tissue within the grafted GC matrix. Subsequently a cultured

epithelial autograft sheet grown from epidermal cells taken from the

animal or human at a wound-free site is applied on the body surface. The
weesshinggraft has excellent inclusion rates and has the appearanoes 000215

growth, maturation and 15 differentiation of normal skin. U.S. Pat. No.

5,716,616 provides methods for treating recipients suffering from

_diseases, disorders or conditions cRaracterized by bone, cartilage, or lung
disgafscabier heghdese sbematbree ntBxveiksue adnsivatedtionigéngwoseating

-isolated {r. mal geneic_individuals, or intrayenous 20 . .
degg}r]ﬁllrtﬁs‘tlrggﬁo rlltl a(%fn;t%rrég fnl1 a%ggs}%sais%ﬁ ated rl;‘roarﬁ he rédi p?egrﬁiséﬁ%%téﬁ%ﬁglg
applicstionfahthengeneticpdefest dtébensieigiad ey, Methods of

introgucing genes into a recipient individual are also disclosed. The

metHoHE E8 R RS BB aIHINY 2 Y AR T e REepR et qpids:
recipigriiRgiyi oy taf omatahad %egﬁa%'gydﬁﬂ%{o@eg isolating. adhera
a

cells from the sample. Once 25 isolated, donor adherent cells are _
POFSRBIEEEY \iH & g epre amd Qid 9f istereemat epoissigisienn divii paipgenitor

' usly. iti ising.isplated st | cells that includ
RS S R S e

anddhwdlkdn each of the above examples, non-hematopoietic stem and

prog it#r S#elﬁ!ﬁ are used as an external source of cells for )
replemating SIS ol WD 3806786 FESYR L 96 0RWRI myusalogical

distamagnet Gels Af a8 organ.SHChrySe-La6w e high 1&3&539&3%%%9@ in

progenitor cell expansion for successful application of the pfopose

tr e gdtansdist mlispierndingvivdatagtares memibiod of sigpaficed
foSEE ARG RLAgENIRr gﬁ%@%‘g‘i&%ﬁ' %@%déh&ﬂﬁ%@&?&ﬁ?@ﬁ&%@%&@ &b
re C ods

the present s inventio S a critical niche In any of the me
Fufiiselogemtapitihe abioive tSlyatdoth. Additiphatai@mpled forbeitiex-vivbd

o RSN n e G SeliREFAI S EER LR o R
miarneiatieT asgostitaulation of

U.S. Pat. No. 5,486,359 illustrates that isolated human mesenchymal
stem cells can differentiate into more than one tissue type (e.g. bene, cartilage,
muscle, or marrow stroma) and provides a method for isolating, purifying, and
expanding hurnan mesenchymal stem cells in culture.

U.S. Pat. No. 5,736,396 provides methods for in-vitro or ex-vivo lineage-
directed induction of isolated, culture-expanded human mesenchymal stem cells
comprising mesenchymal stem cell contact with a bioactive factor effective in
inducing stem cell differentiation into a lineage of choice. Further disclosed is
a method including introducing culture-expanded lineage-induced
mesenchymal stem cells into the original, autologous host, for purposes of
mesenchymal tissue regeneration or repair.

U.S. Pat. No. 4,642,120 provides compositions for repairing defects in
cartilage and bones. These are provided in gel form either as such, or
embedded in natural or artificial bones. The gel comprises certain types of

cells. Cells may be committed embryonal chondrocytes or any mesenchymal-
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io bone growth for applications in osteoporosis. Mobilization of bone
marrow stem cells into peripheral blood (peripheralization): Effects of
modulators of Pl 3-kinase activity or gene expression have additional
wim2eiMm@eplications. As mentioned above, PB- derived stenecelis.fars/c00215
transplantation are "harvested" by repeated leukophoresis 15 following
their mobilization from the marrow into the circulation by treatment with
. chemotherapy and cytokines 46-5177). The use of chemotherapy is, of

ongig rels MoHshiRpRI TN ARabe GrBFST eI hrtesme Hiameg orgitagato
celld1€ ARRONKPUIL INgTEa5R 1hE HATPW SIGM, hﬁooine%mggggfgg&s, in

mobilized into the periphery by endogenous or inject
congtinagieniovithf fbtanbgen ogibipirvivad wotiihr tmsbéased fetal hemoglobin

ha en, shqwn jQr linical s toms in recipients sufferin
e R R T e
prolfi&)aidSiretatiremagionin:wiigh aatBallyeamprisesd./ S dbR 1t are

hemoglobin, becomes elevated in accelerated erythropoiesis (e.g.,

cappilE Wi SRtREABIA SRR b i s iom g brasdmifest alidm of
eYDIOP@RINNER2. /1 Ba3 Pag)oqesier LRt inSANSUBMENANS of o

associated with acceleration of the maturation iafion process o
WOt folprelzursD Y B0 68) hAdainiFtuatiare tfod adutatdsssofiR| Sdgpase

._..activity or geng expressjon,\WO 2004/078917 PCT/1L2004/000215 59 to

int S Bt Gy SRR T HE PTG ) matrs

facsitaghpomzssetibivearlycerytheid prage nHRE S0 Gh (Y- AIREKIFELRI OHE IRy
differentiation. Following cessation of administration of the drug and its

UnRE R HRSH tie iy ihigiadig e bumEvhe SwhrRanaRtErgocultred
epifeIRicIate s A -oénv‘fpé‘lﬁ%“ ﬁefﬁﬂf'&%@%ﬁ%@ﬁ%@%to reduetion of

fetal hemoglobin. US Patent P ation No: errero,
hurgess efilegaheddlewsita glyaghioiein GP8®deerefeckbylihaligndnngahsin

li t th processes, .medjated by the Pl 3-kinase pathway. The
has%aél%frfgan iscrqo\évsel?ﬁer%%gg 8?%&-{ 18 %e appcyaranceﬂ growt%_. m%turat%% and

differentiation of normal skin.

US. Pat. No. 5,716,616 provides methods for treating recipients
suffering from diseases, disorders or conditions characterized by bone,
cartilage, or lung defects. The methods comprise intravenous administration of
stromal cells isolated from normal, syngeneic individuals, or intravenous
administration of stromal cells isolated from the recipient subsequent to
correction of the genetic defect in the isolated cells. Methods of introducing
genes into a recipient individual are also disclosed. The methods comprise
obtaining 2 bone marrow sample from either the recipient individual or a
matched syngeneic donor and isolating adherent cells from the sample. Once
1solated, donor adherent cells are transfected with a gene and administered to a
recipient individual intravenously. Compositions comprising isolated stromal
cells that include exogenous genes operably linked to regulatory sequences are
disclosed, as well.

In each of the above examples, non-hematopoietic stem and progenitor

cells are used as an external source of cells for replenishing missing or
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GP88 antibodies, anti-GP88 antisense constructs, and other GP88
antagonists, to inhibiting the P13-kinase signaling pathway, for the
inhibition of malignant hematopoietic cell growth, especially B-cell
winaligmemseies such as lymphocytic leukemia and multiple npEianmmos/000215
However, no mention is made of expansion of stem cells or stem cell
populations using PI 3-kinase inhibitors. In vivo administration of inhibitors
of signalling pathways is well known 15 in the art. The tyrosine kinase
danngisitareimatifibmesgiate (STUS AL orqBisvdsgdouels Phatem AG]

New Jersey, USA), has received FDA roval treatment .of, Chronic
PrORII E L RETA A Ph A S L N iaF Cer G e et
BedaggisieinaRd shazens iseitdvaoesaiid snpectiedydsingdudesesishibiting

activity, have been used for treatment of a wide variety of 20 diseases in

DrOREmENS CBHe RAPaoRSst4hS CRIFERID osith AR ol present
inveSIeoPRIaRis.and cardiqvRRCYIALANSEARR INARRAGHIONIALREN in the above

antiphotocarcinogenic and antiphotoageing properties (for a review of
U.Yemnistein and diazen see Cos, et al Planta Med 2003; 69:589-99).
Indeed,.inhibition of %e I g-g}'nase sioqnfalll' ! pathway,.and its angiogenic

eff ’lﬁgg eeg‘ﬁllfg IS 65390 1 eX~ViV -*VZVO? Iication

as a treatment targetfor a Aumber of
diseaderiassbaigitidativhs akhearmahae|inpogkieitati arelirek pamsdsagienloiy,

_.as recently reviewed by Robert, Mocharnuk et al: "Eirst, malignant GBM

SR BB ARSHG RESTETRE L SALSHE T8 CREERY; HF%H%“Q%EBM?

bo&%%&lﬁpﬁﬁedmjgg{;@mﬁbggdﬁ%ggective in 30 certain tumor types
that overexpress EGFR, especially when the P13/AKT WO 2004/078917

PCTH2baIb00285 60rsignadimywativery el deth absaiplyesad THRod

mwtation. Thus, simply, inhibitin ER agtivity-n insyfficient t
@elﬁﬁlgf( %Eéac{%)v'\%‘st%g?n\&%u ﬁi\r&éoge SS%Sr %fo?g:ule %aggmékl%q@hen eéir%
expeestilbantactvatidgiBid Nymutatiepplithinwouldsuggasbiieel ded ¢o PB-

develop inhibitors of P13/AKT or to develop 2 5 or more drugs that inhibit
ey S (RS BB GAEIEE TR oG H g e

follaGARS RAChieua kmen el dhe(Maghamuioahal chavetiApyaaaherie
with chemotherapy ana cxiokines (4, - oF o oV 2002)

The use of chemotherapy is, of course, not suitable for normal donors.
Administration of antagonists, into the donor could increase the marrow stem
cell pool, which is then mobilized into the periphery by endogenous or injected
G-CSF.

Stimulation of fetal hemoglobin preduction: locreased fetal
hemoglobin has been shown to ameliorate clinical symptoms in recipients
suffering - hemoglobinopathies, such as sickle cell anemia and f-thalassemia
(61).

Fetal hemoglobin, which normally comprises 1 % of the total
hemoglobin, becomes elevated in accelerated erythropoiesis (e.g., following
acute hemolysis or hemorrhage or administration of erythropoietin) (62).

It has been suggesied that this phenomenon is associated with
acceleration of the maturation/differentiation process of erythroid precursors

(63). Administration of modulators of PI 3-kinase activity or gene expression
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The following description provides more details relating to specific
aspects and embodiments of the present invention. 10 According to one
aspect of the present invention there is provided a method of ex-vivo

wexpandmg and inhibiting differentiation of a population of stemyoeiis4dde1s
method according to this aspect of the present invention is effected by
providing the stem cells with ex-vivo culture conditions for ex-vivo cell
proliferation and, at the same time>%ex-vivo providing the cells with an 15

to wfteptivesamitufi-bémogbuhitaipatbicR 1BikhaSesantiviegsorantiagyexpragsion
of a _gene encading a PRI 3-kinase, thereby ex-vivo expanding and

thef KA 0% B oo IR B DS T e
"steFbaekansetersdeopl Winptaih Balsithabs eivedrideariantaremtial from

conditions, can develop to any cell lineage presentin the 20 organism

thefrbﬁﬁi}ivh'ﬁ%ﬁ tAREJwRREHaHoB PR erplERisBIderER ctrhelRsAiE e fapstbaiono
whﬁ@ﬁﬁﬂ IF&E?Q?M%‘EV@%%%HMr gﬁ%gﬁggfo%%geratmg cell

mass Ih a tissue or e very early progenttor cells, which are
soniéivFatanoPeblifferemtihied) Y04 (el 4Dt wolumitted desdriisss rhadiye of

evertto .b e a part of the earliest renewable, cell population. Methods
2 TS TG bR CEHLEES By B A ARORY B TRACR S
meifidfel a5y Qhe el QuItiiARe. Phenihis effesh Samins examle thedexiposli-

"Culture of Animal Cells - A Manual of Basic Technique" by Freshney,
CRjifiaptitedioy. #1119B8§ anrinersximmnstmscaringis oIk hers pussby
inHRe R C inghe term. inhibiting: refers to
' slowing?%ég%glé%%gégg‘%ﬁgﬁsg%ﬁhﬁ% ,tégv%}]rlél:%%lgp a%fo ﬁ%ﬁl{r‘% 4 ot

herSioitaristitheetegrowily) 2084RT8R LECTAIR2A041E80A2H 53 Gimphocytic
~downregulation”.refers.to red nsg Vpartial(l)zgnlor totally, the, indicated

e 0t ERHRLE SR T b G ek Ry S e

of iMBNdR, othataduatpdpaincrMeiatme bRl {mpoHEReRthe
downregulation of PI 3- kinase signalling pathways, will preferrably be

partf4l'dsiviieybistisron aisuiibitersreftiratiing patheimististoal feferarto
in ﬁ%%%!ga%%ﬁfé \é‘%r‘%sf;ﬁé&%@aiiﬁﬁgi%}aﬂ%‘iéﬂH“H%&?X%'O&‘i‘?@‘nie'<'ar |
Gleevec (Novartis Pharma AG, New Jersey, USA), has received FDA approval
for treatment of Chronic Myeloid Leukemia, and has been used in the clinical
setting since 2003, Genistein and diazen, isoflavones with specific tyrosine
kinase inhibiting activity, have been used for treatment of a wide variety of
diseases in humans: breast and prostate cancer, postmeopausal syndrome,
osteoporosis  and  cardiovascular  disease, in  addition to their
antiphotocarcinogenic and antiphotoageing properties (for a review of genistein
and diazen see Cos, et al Planta Med 2003; 69:589-99). Indeed, inhibition of
the P] 3-kinase signaling pathway, and its angiogenic effects, has been
proposed as a treatment target for a number of discases associated with
abnormal cell proliferation and fumorogenicity, as recently reviewed by Robert
Mocharnuk et al;
“First, malignant GBM cells promote fumorigenesis via spontaneous
EGFR signaling. Second, EGFR kinase inhibitors may be less effective in
certain tumor types that overexpress EGFR, especially when the PI3/AKT
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lineages is a well-documented process and requires no further description
herein. As used herein the term differentiation is distinct from maturation
which is a process, although some times associated with cell division, in
wohieh/dfa specific cell type mature to function and then diesce@a0vi@0021s
programmed cell death. The phrase "cell expansion” is used herein to
describe a pr et of cell proliferation substantially devoid of cell
differentiation. Cells that undergo @Xpansmn hence maintain their cell

Sl@éﬂlé%@alﬂﬁb@é’lfe@ asftllaeconeistimes a5RERN ethtdatieminEsisenswahbfe
fing SoiR0RUANE SEMedR ARt SIS s B Srae e

O a p cess inw S are removed from a |V|ng

effotapagatba wleteRle/HE Dy gamanthéeedis ik sesidibbih AP TERNheraion,
t_he term ' ex vrvo howe er, does not refer to a process by WhICh cells

or rﬂa@@@ ME;,LS 'ﬂ%arr'%%aﬁ%s%éﬁﬂﬁe%@m Cﬁ%& Qf@&%‘s@&%m (PIB/AKT)

spontaneously |n cu ure, wrthout dlfferentlatlon in the abserice of

;‘ cinaray; {
ni n ferentlated stern or progen
Aég %@ g?ﬁ%lme%%m eoﬁéggg?r mvenfron%ué)ﬁrge% ﬁ gb%ngy
definititie, folskiad!' itetosistahilipr@adosuntdetgdapintangens o specific
differe &ugfatro nd as sych cannot constitute a model for demonstrating

SRR ﬁ@rﬁé“fﬁ%r@%’@%@ﬂ -cells and/or progenitor cells.
In OtR%EW@!ﬁg’r%e%%@&% eHeNY IRA660 NG IR I RECRERLIRYENTION

do not transform into cell lines in that t hey eventually undergo

m@#réré?ﬁrer@ﬁvqmodw/mieglmlpmngzbmw@n@ Brpvrdﬁaglmeof
st YR, 0raD Sells MU SORANGNS oy fifs evgavg SR QIEEIORIGHES is

providing t ec nutrre ofie”or more

efeytiek r’wepra:snémgttmersdﬁtadeﬂsh@rmmxnoh% &ﬁmenﬁﬁmﬁﬁdﬂ@rﬁm@bax{eo
Cegonc |tant with. treating the cells with 5 conditions which allow for

KEIRIFTFSR APCe Rt (1D RS HE G & CEIR aPEO MR E 1 Grat et an
efiengriesmdieaisthion Feriuas he BrPIBSSIQNRREY, %(_ft!ﬁ‘% expression of a

gene encoding a PI 3-kinase, thereby ex-vivo expanding and inhibiting

differentiation of the stem cells.

As used herein, the phrase “stem cells” refers to pluripotent cells that,
given the right growth conditions, can develop to any cell lineage present in the
organism from which they were derived. The phrase, as used herein, refers
both to the earliest renewable cell population responsible for generating cell
mass in a tissue or body and the very early progenitor cells, which are
somewhat more differentiated, yet are not committed and can readily revert to
become a part of the earliest renewable cell population. Methods of ex-vivo
culturing stem cells of different tissue origins are well known in the art of cell
culturing. To this effect, see for example, the text book "Culture of Animal
Cells - A Manual of Basic Technique" by Freshney, Wiley-Liss, N. Y. (1994),
Third Edition, the teachings of which are hereby incorporated by reference.

As used herein the term "inhibiting" refers to slowing, decreasing,

delaying, preventing, reversing or abolishing. Similarly, the term
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of Pl 3-kinase. In one embodiment of the invention, reducing the activity of
Pl 3-kinase is effected by providing the cells with an modulator of PI
3-kinase that inhibits to Pl 3-kinase catalytic activity (i.e., a Pl 3-kinase
winbibitoryo&rs used herein a "modulator capable of downregweating:mis/000215
3-kinase activity or gene expression" refers to an agent which is capable
of down- regulating or suppressing PI 3-kinase activity in stem cells. An
inhibitor of Pl 3-kinase activity acc<5’r1d|ng to this aspect of the 15 present
“dpverrBHat i bessomitectafmmns pwmﬁ@mmmn@ﬂmﬂka@qmmmmy
n | [ ibifs th iyity or expressio
o S ot 8 B R S e e
thpatthways)thetotracsih mﬁin’gcﬁﬁthm@wstmhtaéﬁ@fﬁ&ﬁf@@u‘i&tﬁhi’oki?@?&
activity. cordln to presently known eg:@bodlments of this aspect of the

Kingse shgn BV Orh BRThTTEaRy ¢
3-kinagephibitRss: tHERss: MFRSG GMBeHIMest g me &EQ&Qﬂz@d

this aspect of the present invention is effected by prowd ng no n Pl

orspivagiézithichangesdiiag deyiehoaniant. L\Q@h&l)ﬁfeafmhatumof various

t as described in, for xam le U.S. Paten
m%%é’}ég 2 Q%g%%é’)(%m%e g%é 1%&03%%?“% ﬁﬂ ernatlo(?1af1ul!7£"§f3 escnpnon
heReihli ca-‘m) nsay Q30Y 25 Teanddvior Q60 a8 iy dicHare figorpatateson

he ein by referen by the specific Pl 3-kinase inhibitors_ disclosed in
BRI e e e A R e

@ﬁ%@f@@{)@&ﬁaﬁ@@@ﬁﬁa@ﬁaﬂ%@&@{@% inhibitass areglkpow

to those of 30 the art. Such inhibitors inc ude but are hot limited to
de@§}294002 (Calbiochem WO 2004/078917 PCT/1L2004/000215 63 Corp.,

LaJ if.) a AniR Chemlcal Co...St. Louis Mo.
whi Eqﬁéﬁgc%% pgt%lx\té%r]{’wadlspemf( gl%fg? SrSCSf%ﬂb%he%%Ga cell
prpldpeties ofbkyR@®IO2 dreitesdtibed mitﬁeffaﬂtimnbz:BIOCeﬁfIQMs {#2R4do

269:.524%&5248 BrleflyntLég294002 the quercetin derivative, was shown
SR BB Ro SHATa 0s o8 klﬁ%"?ﬂhﬁﬁﬁ%?%oﬁ%ﬂeﬁ‘iﬁ Rftentimes

refliRaPRAkieinasitehewable cells, e.g., renewable stem cells.

As used heremn the term "ex-vivo" refers to a process in which cells are
removed from a living organism and are propagated outside the organism (e.g.,
in a test tube). As used herein, the term "ex-vive", however, does not refer to a
process by which cells known to propagate only in-vitre, such as various cell
lines (e.g., HL-60, MEL, HeLa, etc.} are cultured. Such cells proliferate
spontaneously in culture, without differentiation, in the absence of cytokines or
specific differentiation-inhibiting factors, and are “committed” {differentiated),
and not undifferentiated stem or progenitor cells, as taught and claimed for the
present invention. Such cell lines are, by definition, “blocked” in their ability
to undergo spontaneous differentiation, and as such cannot constitute 2 model
for demonsirating effects of PI 3-kinase on hematopoietic stem cells and/or
progenitor cells. In other words, cells expanded ex-vivo according to the
present mvention do mot transform imto cell lines in that they eventually

undergo differentiation.
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3-kinase binding of ATP. At concentrations at which LY294002 fully
inhibits the ATP-binding site of P13K, it has no inhibitory effect against a
number of other ATP-requiring enzymes including P14-kinase, EGF
wiepeptombtyrosine kinase, src-like Icinases, MAP kinase, prateimkinaseodss
protein kinase C, and 1o ATPase. LY294002 is very stable in tissue
culture medium, is membrane permeable, has no significant cytotoxicity,
and at concentrations at which it #hibits members of P13K family, it has

no eferiGaDHE VA ERISTBcERIE Pridk pperrdiinTssiter 3ekinage, 16ls
Ut th 3. & aosit nosito] 1ing of
P e S R ARSI P o

or fWhatovarieial. ek98 By Mlattider3R% hefedrbdirin addition to P, this
enzyme also. can phosphqrylate phosphatidylingsitol 4-phosphate and,
phosphaReRPRES: %%D@?g?)‘fﬁasﬁﬂ%@%f%aa : PRBLBR T fTdsitsr

cortiftiBiRPhesEhaleAndRNasPhgtidWinesiiotdid, & 3R HISERASPRAIGLRIPED
respectively (Auger et al. (1989) Cell, 57: 167-175). Pl 3- kinase inhibitors

shosteleraéivatsdat rauibasr et de Sines drotner T andEAEY G

£ P} 3-kingse- Identification, isolation and synthesis of such inhibitors is
© dlisclose%st?en U.S. Patent No: 6,413,773 to Ptasznik et al. The phrase
"actirecteriuativdimefersfichanystnictor st derivgtive adti2Bywafi ith dnrkinaee

. LY294002 having a P) 3-kipase. lat Vigy, . f
s QB R RCIE A, BN SOHEOME I S G B
PI Allgmal vebw giadulatplidovwnpeguiaiing Bindipase activity or gene

expression according to this aspect of the present invention can be an

activity Bhrelizitg Bisp Rukinetb e odywakeer Bt Hor eidmnste
scififed! FNOZIMOIBONECTILA0IN0RAR o4 Kpam e,

ain, or substrate binging site, ibiting nase catalytic

regadtititg. ot withiresapry &diatkih Abwagivityah siece R118-kinase is an
‘intragellular. protein asures are taken to use modulators which m e
il st o T A

préveiib@ghention can be a “direct inhibitor” which inhibits PI 3-kinase intrinsic

activity or an “indirect inhibitor” which inhibits the activity or expression of PI
3-kinase signaling components (e.g., the Akt and PDK1 signaling pathways) or
other signaling pathways which are effected by PI 3-kinase activity.

According to presently known embodiments of this aspect of the present
invention, wortmannin and LY294002 are preferred PI 3-kinase inhibitors.

Hence, in one embodiment, the method according to this aspect of the
present invention is effected by providing known PI 3-kinase inhibitors, such as
wortmannin, 1.Y294002, and active derivatives thereof, as described in, for
example, U.S. Patent Nos. 5,378,725, 5,480,906, 5,504,103, and in
International Patent Publications WO 03072357, and WO 9601108, which are
incorporated herein by reference, and by the specific PI 3-kinase inhibitors
disclosed in US Patent Publication 20030149074 to Melese et al,, also
incorporated herein by reference.
. Phosphatidylinositol 3-kinase inhibitors are well know to those of skill in
the art. Such inhibitors include, but are not limited to Ly294002 (Calbiochem
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5 such as a Fab fragment (described hereinunder), or a genetically
engineered ScFv is preferably used. The term "antibody" as used in this
invention includes intact molecules as well as functional fragments
wihesepd7such as Fab, F(ab')2, and Fv that are capable of birdiing2@4/060215
macrophages. These functional antibody fragments are 1o defined as
follows: Fab, the fragment which contains a monovalent antigen-binding
fragment of an antibody molecule®tan be produced by digestion of whole

ComntibadiplhathCtakforanydne gapaimin (SigmnarGheanidigiich&h hodia Mo.)

rtion,of ,one heavy chain; '.the fragment of an antibody molecule
R R B L R e S Pt By
Lyzodogtianetasgetban intdetalight Chaiimandieportiasofitshesvyichang.
two Fab' fragments are obtained per antibody molecule; (Fab")2, the .

Briglymdry311AR%antii6dy IRSECceHR baYBAIREY by Beatig ™ wholdrhibit
phé¥piaadyIMtRithe fRaYme r&ﬁﬁﬁi&w%@%&g%&gmﬁggﬁ%%ﬁﬁ&%iS

a dimer of two Fab' fragments held tégether by bonds; Fv,
3-kiefecoimdizggen &ticAl I e ngineshed drtgaenbicbntalil e dljalsbibits

region. of the light chal d.the variable.region of the heavy chain
enc gk PP ATE Ui O i B, SRR P e of
othgengticelypigine ened meeiidi deont@ningihecy arigplersegiotr of g ilight
. chain and the variable region of the heav#rchain, linked by a suitable

kingsiy seplitis frrasess Modnkinasty piokipsiHgisccharioRdrsiio and

AT0Q4/078917 PCT/IL2004/000215 65 Methods of making these fragments
are known in the art. (See for example, Harlow and Lane, Antibodies: A
Labbré2SdONnsaly €gldsBphngnHasber Leoretomediom, Y orkimeoggane

sSSP e
inhibnmedide:celSKESE. Bhillesk hanmsterfovanneeler signaling molecules.

Phosphatidylinositol 3-kinase, has been found to phosphorylate the 3-
position of the inositol ring of phosphatidylinositol (PI) to form
phosphatidylinositol 3-phosphate (PI-3P) (Whitman et al.(1988) Natare, 322:
664-646). In addition te Pl this enzyme also can phosphorylate
phosphatidylinositol 4-phosphate and phosphatidylinositol 4,5-bisphosphate to
produce phosphatidylinositol 3,4-bisphosphate and phosphatidylinositol 3,4,5-
trisphosphate (PIP3), respectively (Auger et al. (1989) Cell, 57: 167-175). P1 3-
kinase inhibitors are materials that reduce or eliminaie either or both of these
activities of Pl 3-kinase. Identification, isolation and synthesis of such
inhibitors is disclosed in U.S. Patent No: 6,413,773 to Ptasznik et al.

The phrase “active derivative” refers to any structural derivative of
wortmannin or 1.Y294002 having a PI 3-kinase downregulatory activity, as
ﬁ'leasured, for example, by catalytic activity, binding studies, etc, in vivo or in
vitro. '

Alternatively, a modulator downregulating PI 3-kinase activity or gene
expression according to this aspect of the present invention can be an activity

neutralizing anti-PI 3-kinase antibody which binds, for example to the PI 3-
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culture or other protein expression systems) of DNA encoding the
fragment. Antibody fragments can be obtained by pepsin or papain
digestion of whole antibodies by conventional methods. For example,
wandiboohgdiagments can be produced by enzymatic cleavage ofraniibosies:
with pepsin to provide a io 5S fragment denoted F(ab’)2. This fragment
can be further cleaved using a thiol reducing agent, and optionally a
_ blocking group for the sulfhydryl gf%ups resulting from cleavage of

kingss mRd Yk dgeite préabsieatesunging misnthenehit irhiiteg ] 3-kinase
j an.e ti ' epsj d two .

S SR A S S R SR e T

intereellBlate gooitedd, foeamxasn phes bii@EoldenbergdddilRats Nohich 086394
331,647 an(ijireference contajned, therein, which patents are

and
delpy heiR Wrépg}aﬁwﬁq HERERFtSclkagms BafkantiRogy,
sudhoGNe P al- 14 3mbhP(He8ABRP 1elhiatmaethods of &ﬁ@ﬁ%??mg%d

such as separation of heavy chains to form monovalent light-heavy chain
SciragnenteiaRltiseéleavage 20 of fragments, or other enzymatic,

Che’i“h%ax!e%lg Ht 1646 @i%&ﬁ g@%?'&%@ﬁi&gﬁc}ﬁ

8(‘!(83 0 aac?tthelec es
fragments bin he-antigent iS recognized by the "Intact an ﬁ:)odlill.

as Avwddil Rk Foriasmbfitiondies dtemed) abbh cerfaterdiglt))fomeaxamplet are
mENOC | human recombinant gpti-P1 3-kinase (A.G, Scientific San

co 3G CRPHRE Bl FREREAEES e FEAT ARG FRBEHo8s

defAbgamiDambridge, UK and Serotec, Inc), and anti-p85 N-SH2 domain

monoclonal antibody (Upstate Biotechnology, Lake Placid, NY). Fv
fragrigis BempiasEIant assbsiationnsIivH anarenaysdent. Thitcasbiulinion

e.Ro ibed. in Inbar et al.,.Proc..Natl.Aca Ci
ey R A L e S A
angBody mithrtiolecutandipatfide fooyid! draorasadinkekt bjohemitalpatich as
on 0 %004/078917 PCT/IL2004/000215 66 glutaraldehyde. Preferably, the

' v??égr%léarﬂ]s comprise VH and VL chains connected by a peptide linker.

Theseaisingle-ghainantigenbinding RrotiNeaE ik SV hareeRatesy
by constructing a structural gene comprising DNA sequences encoding

repty i inla wtidemamik asneetp By srionysadersiomade vield an intact
light chain and a portion of the heavy chain; two Fab' fragments are obtained

per antibody molecule:

{Fab"),, the fragment of the antibody that can be obtained by treating
whole antibody with the enzyme pepsin without subsequent reduction; F(ab'); is
a dimer of two Fab' fragments held together by two disulfide bonds;

t'v, defined as a genetically engineered fragment containing the variable
region of the light chain and the variable region of the heavy chain expressed as
two chains; and

Single chain antibody ("SCA"), a genetically engineered molecule
containing the variable region of the light chain and the variable region of the
heavy chain, linked by a suitable polypeptide linker as a genetically fused single

chain molecule.
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5 The structural gene is inserted into an expression vector, which is
subsequently introduced into a host cell such as E. coli. The recombinant
host cells synthesize a single polypeptide chain with a linker peptide
wiriglgingshe two V domains. Methods for producing sFvs ame-ggsgsil@dsz1s
for example, by Whitlow and Filpula, Methods, 2: 97-105, 1991, Bird et
al., Science 242:423-426, 1988; 10 Pack et al., Bio/Technology
11:1271-77, 1993; and Ladner et &F, U.S. Pat. No. 4,946,778, which is
herebiethedspofaraakingrdhesen e pmitatentiretknAnathiar themuef iSee for

tibody.fragment.is.a peptide,coding for.a single .
e R T T oyl i Spring
Hadeognitiorattiis Y eareeloh sy sonstuBingorpestaReeding the

CDR of 15 an antibody of interest. Such genes are prepared, for example,

by uStRRASY Srigmenisaceniiing eibn PoespRiHEYRIIgT GAlr kb orepgiod

I ; tibgAYsPradHGINg; g8 .Jo I ick and Fry,
byfMe rfg%és% rzphl]g% t?L%ﬁl 1059&11. Huma%i?zkgc}}?ﬁﬁ% gﬁl%é)uﬁmmglg{ %5.8 V uﬁ%}g)
Culintib otieburerokimeripredimoiystaes ot iliNdnanfobininthe fragment.

immuyneglobulin chains or fragments theregof (such as Fv, Fab,.Fab!,

e BT B ULk br RePUR Aena haeibe of
wisdletairtibutiseab seguenstaatived i NP umap1dMREROgIoRYithents
CalfI;Ilg)%)%nanized antibodies include human immunoglobulins recipient antibody

HERRESH o5 SRR S Al Bl ARSRARIERG B TErBERSHZD (EORJoR
sstm@ag%%aﬁmr@mw%d pyitesighes from ad ggg{ ?ﬁ@é{%@ WAL 8 ehi

species (donor antibody) such as mouse, rat or r t having esiré

redyisgicigcniffinig anticagiicity. Hloshime instancies, e frardiavdmk groups
i f the h i lobuli | b di
R S RS o

fraghiehtare Adtsdaneither in mmm@im%av@gﬁibz@mgngécﬁ&ﬂh HAREEEEyro
CDR or framework sequences. In WO 2004/078917 PCT/IL2004/000215

m‘é%%f?@?a Athe REMSRIS S astibbayRaesh dirsshubstissalReiieinnre

deteamaneiAneaiicRly Byoosiahiedomais, suniehalonsybienialy
all of the CDR regions correspond to those of a non-human’ ™~

4, ihhfiiegmliireieranaeor contained  therein, which patents are hereby

incorporated by reference in their entirety. See also Porter, R. R., Biochem. J.,

73: 119-126, 1959. Other methods of cleaving antibodies, such as separation of
heavy chains to form monovalent light-heavy chain fragments, further cleavage
of fragments, or other enzymatic, chemical, or genetic techniques may also be
used, so long as the fragments bind to the antigen that is recognized by the
intact antibody. Anti-PI 3-kinase antibodies are available comuuercially, for
example, monoclonal human recombinant anti-PI 3-kinase (A.G. Scientific San
Diego CA), anti-PI 3-kinase p85 subunit human monoclonal antibodies
(Abcam, Cambridge, UK and Serotec, Inc), and anti-p85 N-SH2 domain
monoclonal antibody (Upstate Biotechnology, Lake Placid, NY).

Fv fragments comprise an association of Vy and Vi chains. This
association may be noncovalent, as described in Inbar et al., Proc. Natl Acad.
Sci. USA 69:2659-62, 1972. Alternatively, the variable chains can be linked by

an intermolecular disulfide bond or cross-linked by chemicals such as
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substantially all of the FR regions are those of a human immunoglobulin 5
consensus sequence. The humanized antibody optimally also will
comprise at least a portion of an immunoglobulin constant region (Fc),
wiypimallysghat of a human imrnunoglobulin [Jones et al., Natueay.2004/000215
321:522-525 (1986); Riechmann et al., Nature. 332:323-329 (1988); and
Presta, Curr. Op. Struct. Biol., 2:593- 596 (1992)]. 10 Methods for
humanizing non-human antibodies®re well known in the art. Generally, a

ghnamidabedeantletiyratds, othe of mbreaentd acidpesidis dnfrodyceithingo

it fr ce which is nonhuman. .-These non-human amino acid
COresel% ugi,b ﬁ%ggﬁgr%g%jr(%do%hgsseirsﬁn ) "Fesai]{ilu%%f%%ﬁn PRSI RISHRS ik
orfrecfanarapprépatidble;dosnsirudiumanizationeandea essaaiflh; DNA

performed 15 following the method of Winter and co-workers [Jones et al.,

SCRIFES $D908E B\ nodls): YV clammidih nmecigsine B ol ipmugdgotide.
THALBRMMETRRRYER BlaleSHONGS 23203 kot (L8R a%%%@g%%%gﬁyg

_ rodent CDRs or CDR sequences for the corresponding sequence
mhodgadantittody hastarelinglichseshbhupadinizethantibuidsmre dhostecids

S A A R S

anin u omain

danaiespddetingdsfquenceukron @Hﬂ@m’etﬁeﬁfﬁsaﬂpm-dﬁhﬁﬁa@}iﬁ? ‘Whitlow
an:aeu&é%r&ze antibodies arﬁ{gpicall “human antibodies in which some CDR
Siipia, B%B%i&y% FRrdsidirssshAl-sop ot Byt resihfed #om
PARAPIRUBRIteSIQEEtAntipprlies. Zokiuman antibdies canlsg bRy,
roduced using various techniques known in the art, including phagé
4§1§97§§4M&3ﬁb@8(hﬂ§@@bﬁmvmﬁ@ﬂmranm iBiohti2@7:381 (1991);
Mar . 3. Mol . Biol,, 222:581.(1991))..The techniques of Cole et a.
and %%%ﬁéerr %Otrgjl.%fr%%l%%%\?g a]grlg oF ésp?éﬁeaﬁé &t ng% Arf SIEle
compimotonatgriittediaaitoleregiah, MaUDRIONaCARIDGHEERAC I0GARESN
. Liss, p, 77 (1985) and Boerner et al., J. Immunol., WO

oL PGP DSOS b5 CoBATH B OB SRS PR of

arhEHRBEABORMAdE byipt odeing:of human InvounagloRu!lip Jaghiniay .
transgenic animals, e.g., mice in which the

polymerase chain reaction to synthesize the variable region from RNA of

antibody-producing cells. See, for example, Larrick and Fry, Methods, 2: 106-

10, 1991.

Humanized forms of non-human (e.g., murine) antibodies are chimeric
molecules of immunoglobulins, immunoglobulin chains or fragments thereof
(such as Fv, Fab, Fab', F(ab"), or other antigen-binding subsequences of
antibodies) which contain minimal sequence derived from pon-human
immunoglobulin, Humanized antibodies include human immunoglobulins
recipient antibody in which residues form a complementary determining region
(CDR) of the recipient are replaced by residues from a CDR of a non-human
species (domor antibody) such as mouse, rat or rabbit having the desired
specificity, affinity and capacity. In some instances, Fv framework residues of
the human immunoglobulin are replaced by corresponding non-human residues.
Humanized antibodies may also comprise residues which are found neither in

the recipient antibody nor in the imported CDR or framework sequences. In
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endogenous immunoglobulin genes have been partially or completely
inactivated. Upon challenge, human antibody production is observed,
which 5 closely resembles that seen in humans in all respects, including

weeERBsegurangement, assembly, and antibody repertoire. Thisiappioaeiniss
described, for example, in U.S. Pat. Nos. 5,545,807; 5,545,806;
5,569,825; 5,625,126; 5,633,425; 5,661,016, and in the following
scientific publications: Marks et al.?7Bio/TecImoIogy 10, 779-783 (1992);
gengabdhy drmansd raesisseilspnprisosupsiaaradonNafireless one,

R RS S RS 4T 200

; uszar,

regiuiernchressponeh LookhtSe6 203 (195huAlsarnativelyoghsbmathedd all or
according to this aspect of the present_invention can be effected by

subianieahy tRl &%V EildreirEte e elORitrh anfBHTRtoreayasE rulin
coQUBEgURiAGR R KARIRi2CH NP6 H SYRISANONGS A nprise ot

encoding a PI 3-kinase, the modulator s ed from the group consisting
leagt arppihibitor cirPiBnkmmastobalaly tonstanitys ginm sk rispiqedlyribaleviide

capable of spegcifically-hybridjzing yith an mRNALr, i ngoding Pl
B A T e s R
et ahdiNgtssy B33 apdof IPRBRoeddementSuan SRNArow/aelde, cafsble
q951;@8(# ing degradation of PI 3-kinase transcripts, and a DNAzyme which
- rically cleaves Pl 3-kinase transcripts or DNA. A modulator that

dowiegidldies P hintRBS AL HRESHRAL SIRIDIRIRE Yara A9 Bl ISR f8 Glse

PI 3-kinase synthesis (decelerates) or degradation 15 (acelerates) either
artat fHeneehbraHemmnpsbratibnslielies ohheoprowein. aaainexagiplessidues

. regulati f Pl 3-kinase.expression can be achieved usin .
I B e T o i apine
acaf f2kiBukinaseofiBiNAfcordi ectransigiton ebidl3skinhié tiensgsiptdlatiiken

ribosome, can be used according to this aspect of the present invention,

R S BRSh s HR e doBaEh ofBRiRiEHI st dashsenidly performed
fo Rl gonEelROldas VWO RIHOTRD LS RETHL 290440002 150 69, Designsob .

antisense molecules which can be used to efficiently inhibit PI

525 (1986); Riechmann et al., Nature 332:323-327 (1988); Verhoeyen et al.,
Science, 239:1534-1536 (1988)], by substituting rodent CDRs or CDR
sequences for the corresponding sequences of a human antibody. Accordingly,
such humanized antibodies are chimeric antibodies (U.S. Pat. No. 4,816,567),
wherein substantially less than an intact human variable domain has been
substituted by the corresponding sequence from a non-human species. In
practice, hurmanized antibodies are typically human antibodies in which some
CDR residues and possibly some FR residues are substituted by residues from
analogous sites_uig rodent antibodies.

Human 'ﬁi:bc‘)dies can also be produced using various techniques known
in the art, including phage display libraries (Hoogenboom and Winter, . Mol.
Biol., 227:381 (1991); Marks et al., J. Mol. Biol., 222:581 (1991)). The
techniques of Cole et al. and Boerner et al. are also available for the preparation
of human monoclonal antibodies (Cole et al,, Monoclonal Antibodies and

Cancer Therapy, Alan R. Liss, p. 77 (1985) and Boemer et al., J. Immunol.,
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3-kinase expression must be effected while considering two aspects
important to the antisense approach. The first aspect is delivery of the
oligonucleotide into the cytoplasm of the appropriate cells, while the
weesmaadaspect is design of an 5 oligonucleotide which specifically #8indso21s
the designated mRNA within cells in a way which inhibits translation
thereof. Sequences suitable for use in construction and synthesis of
oligonucleotides which specifically #ind to Pl 3- kinase mRNA, genornic
145N A 8pramOLeR a)jd/Simiteelyc dintrelrsesubacasdef R riteasease human
. avallabie | G{é? shed PI 3-kinase nucleotide sequences, including, 10 but
i R QL AHOA CEESSEH N GRS 7 656 (BN oD

r@i@éﬂ%§uﬂ%ﬂhﬁn5§m@% g@ﬁé@ﬂaﬁ@%ta&&ynﬁarﬁﬁﬂgo%‘?“&

class Ill); NM181524 (human p85 alpha subunit); U86453 (human
maféh‘éﬁt@%fowm’ﬁraﬁa@@ng%mambmb@t@tﬁtﬁ@am)mmmeé,awmch

hich can b
T N M R R e P
regstangeimehfa429a8)y) Atd Meﬂof@(zepaﬁeﬁnwam@w@ml n(Ja&Q&)lbed,
«,Blood 91(3): 8 7) B Ch 8(6): 935-40;
oSG S A1 (o5} e A R T 289 saen: Lo
5,685k 23 a8, 6@9%1)6%@Hﬁ%@%@%ﬁ?&%m%gﬁééﬁbré4%}kggt'Ql

addltlon algorlthms for identifying those sequences with the highest

Blﬁ/g@ﬁlﬂﬁalﬁﬁiﬁlﬁﬁsa?fﬁt?&%r &ih 2GSRBS Ababe dNatuacthdpth dthn8atic
(19)9@? tt}\%ﬁgg&yn Il%leﬁgerg?ﬂ @%&éural; i ;‘(Ea‘)ﬁre %ong in botlt} rEJﬁFe

target mRNA ahd gonucleotl "aval see, forexa

Bintatiomodngzl.1d,994)-Biotd 86| Bliadngyo( Walut]. R Sichobdgeritams26
succe ul lement an_antisense approach in

O P A T S0 BB Bl Wi 41 37 Snapled
SCIenﬂﬁtﬁﬁQtﬁtéz?eS@i‘éﬂ%@lﬁiﬁgna%@@%&ﬁ%e Rliggrucieptides fo ﬁlﬁa%ésem

beta globln RBG) and mouse tumor necrosis factor-alpha (TNF alpha)

HEHERi s PRecbisried duepreriging thsaermivie rabientty siportelstheitihe
S SsaRg
a gene encoding a Pl 3-kinase, the modulator selected from the group
consisting of an inhibitor of PI 3-kinase catalytic activity, an antisense
polynucleotide capable of specifically hybridizing with an mRNA transcript
encoding PI 3-kinase, a ribozyme which specifically cleaves PI 3-kinase
transcripts, coding sequences and/or promoter elements, an siRNA molecule
capable of inducing degradation of PI 3-kinase transcripts, and a DNAzyme
which specifically cleaves PI 3-kinase transcripts or DNA.

A modulator that downregulates PI 3-kinase expression refers to any
agent which affects PI 3-kinase synthesis (decelerates) or degradation
(acelerates) either at the level of the mRNA or at the level of the protein. For
example, downregulation of PI 3-kinase expression can be achieved using
oligonucleotide molecules designed to specifically block the transcription of PI
3-kinase mRNA, or the translation of PI 3-kinase transcripts at the ribosome,
can be used according to this aspect of the present invention. In one

embodiment, such oligonucleotides are antisense oligonucleotides.
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target mMRNAs (human lactate dehydrogenase A and B and rat gpl30) in
cell culture as evaluated by a kinetic PCR technique proved effective in
almost all cases, including tests against three different targets in two cell
wiypasmwighi phosphodiester and phosphorothioate oligonucleotidezon4/o00215
chemistries. s In addition, several approaches for designing and predicting
efficiency of specific oligonucleotides using an in vitro system were also
published (Matveeva et al. (1998) Nature Biotechnology 16, 1374 - 1375).
Exarhisgbpianisense mulrseltesibinbieaabe vewhtoefftmstthtdnhibit P

I - ' xpression of Pl.3-kinase are the Pl
e Y A R E et
to(Belh Bigead 20616 3hd Zyrstinspeporattivesest therefiemnegediiR into

ré%(éluc ion of*P 3-kinase-specifii&anti_sense molecules is disclosed b¥
(e CRORIBL Of (LR BRIGREAIG: 611 3¥8) D 6 pERaSEeRbIiRceyZn of an

olfEbRtRIS: Revarah chusa dinishavedemansiratad.sefely Jaasiniling and

activity 15 of antisense oligonucleotides. For example, antisense
WaigBiiehe odEy Suitpid atbmththensatmenbofusntcer hanebbeefor use in

I d.(Hol etal. (19 Cuyrr Opin Mol Ther ,
o R PR bt R B B e
kintigomiiNeAtidesomigdiNg cprythagenendbB dhek Behta hash eeviese @ chnical
.trials and ha en shqwn, to be tolerated by patients 20 [Gerwitz (1999)
K SpiRvRISIrRer REdehBbr Tighs serislagtidnisarsacaiedistagme,
bisUBBressInROf N ARRIANERRs BANABXPIaISIoNdS bRenAePMisE 10

inhibit pleural dissemination of human cancer cells in a mouse mode

cafg e Pubugibo NPT Réemarm bymsssuso]) TNNQIR640 fleman class

0 is4th nt.dev nis.in.the, fi 5 antise
m?éc%i%%%%ic , asgﬁdehgésibgeig %%c%\lllﬁlﬁgﬁfee%gé%%e guérﬁglrla roiﬁ?c))fdeha
isdrighity) ced FEE33Atdensen daSig b etgvithoms)and a wide variety of

oligonucleotide delive sysﬁems, enable an ordinarily skilled artisan to
desiﬁeaﬂ{}%]ﬁll—%mgf‘%fnﬂ EnLEIBT L st ST T8 IE oW gt Rg
usednEessienAfl KAaWR SRS WHBOMIH AN SRR P NdYSLiRk

and error so experimentation. The antisense sequences described herein

fop f e sndidie A RO Jodinbpded 76@x/T2604a00ersett et al. (1998)
Blood 91(3): 852-62; Rajur et al. (1997) Bioconjug Chem 8(6): 935-40;
Lavigne et al. (1997) Biochem Biophys Res Commun 237(3): 566-71 and Aoki
et al. (1997) Biochem Biophys Res Commun 231(3): 540-5).

In addition, algorithms for identifying those sequences with the highest
predicted binding affinity for their target mRNA based on a thermodynamic
cycle that accounts for the energetics of structural alterations in both the target
mRNA and the oligonucleotide are also available [see, for example, Walton et
al. (1999) Biotechnol Bioeng 65(1): 1-9].

Such algorithms have been successfully employed to implement an
antisense approach in cells. For example, the algorithm developed by Walton
et al. enabled scientists to successfully design antisense oiigonucleoi;ides for
rabbit beta-globin (RBG) and mouse tumor necrosis factor-alpha (TNF alpha)
transcripts. The same research group has more recently reported that the

antisense activity of rationally selected oligonucleotides against three mode!
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71 ribozyme sequence fused thereto. Ribozymes suitable for use in the
present invention are further described hereinbelow. Such a ribozyme
sequence can be readily synthesized using solid phase oligonucleotide
weynihags®ligonucleotides designed according to the teaclkhitgs0bthesc21s
present 5 invention can be generated according to any oligonucleotide
synthesis method known in the art such as enzymatic synthesis or solid
phase synthesis. Equipment and réagents for executing solid-phase

targph el wr dlonam dectally dabsdeagenremafendxBrapte rappiict) in cell

RV SR AM SETMeRIS R sueh, sYNtests awcaleo be enployedt

€ actual syntnesi € oligonuclieotl

casapaipitilietgf enesskigdsn theadifaaddiienat regiepoichie aptisense
oligonucleotide may serve as a substrate for enzymes capable of

PheRPRRRTHIATSNASPROTATANE AYSABNCIoNIdR ARIESIBICSuCh includes
RNage A?!idMHﬁhéév%x%?'%ﬁoﬁ@ﬁ&“%@?&@g%ﬂ%%%%%%ﬂ%%%%ﬁ@?d

of an RNA:RNA duplex. Activation of R}lasé H, :
ofckpaviige ofigramilpatidegetisingraby igredthp esyséeroing dite abfticiprdisbéd

ligonucleotide.iphibition of gene expressio o} , comparabl
GO M b TR E IR o
antignsusiebiités: andivbédye Grpaethimshasghaiebioaedown-regulating

deoxyoligonucleotides hgridizing to the same target region. Cleavage of

g SSBEIRIA et CanBEFEHRINAT dttectBl by 'garete RSPHYT e SRlisRRSSF
olRBeRAUdASIREIHBEN YR eicaGH Rybridizalinn sechniasgsknowayinhe

_ art. Chimeric antisense molecules of the present invention maybe formed
e Pespbdiersnubiuresastnet orfhorewiilystivleofidds 3rkdaifiedpecific

RN S e e R

mbicaiechte] befinRat rifesad13,830; 5,149,797, 5,220,007; 5,256,775;
5,366,878; 5,403,711; 5,491,133; 5,565,350; 5,623,065; 5,652,355; 5;

652, 3EXTh #5070, 6388 haw demmmsinale sripiruligaHEBipo ARG AT ity
offsferenee. JRliganveisatide Fysedacorrdingdothis srohadinaentokihenie

present 30 invention are those having a length selecCted from a range of
fon theotegsdmenbof cancer have been successfully used (Holmund et al. (1999)
Curr Opin Mol Ther 1(3):372-85), while treatment of hematological
malignancies via antisense oligonucleotides targeting c-myb gene, p53 and Bcl-
2 had entered clinical trials and had been shown to be tolerated by patients
[Gerwitz (1999) Curr Opin Mol Ther 1(3):297-306].

More recently, antisense-mediated suppression of human heparanase
gene expression has been reported to inhibit pleural dissemination of human
cancer cells in a mouse model [Uno et al. (2001) Cancer Res 61(21):7855-60].

Thus, the current consensus is that recent developments in the field of
antisense technology which, as described above, have led to the generation of
highly accurate antisense design algorithms and a wide variety of
oligonucleotide delivery systems, enable an ordinarily skilled artisan to design

and implement antisense approaches suitable for downregulating expression of

known sequences without having to resort to undue trial and error

experimentation. The antisense sequences described herein can also include a
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WO 2004/078917 PCT/IL2004/000215 72 bases preferably 15-150

bases, more preferably 20-100 bases, most preferably 20-50 bases. The

oligonucleotides of the present invention may comprise heterocyclic

wouslaasides consisting of purines and the pyrimidines basegciransedsois

3'to 5' 5 phosphodiester linkage. Preferably used oligonucleotides are

those modified in either backbone, intemucleoside linkages or bases, as

is broadly described hereinunder.lféuch modifications can oftentimes
ribpgaimd ReeNeitL st dhtrstake Rife 7Bt vijted eanfricesrily Bonoer.

B RRSH AT RIRS A sERA Qlapnualaeldas uoslulagsaring fofis
aspect of the present invention include oligonucleotides containing
readitgifyachdspekbasiag eslbphnstwhpomectuatidosigetisdkages.

Oliganucleotides having. modlified backbones include those that retain a
pho HORIC en G g T CRE AN EED Atere NESont

ST e ST R e

knewpsp3hes ub35uds; 554552Y88HK, 4661BTETS 508760305 PEasa osydiesis.
. - 5.541,306: 1: 5,663,253: 5 9: 5,587.361: and
EqiRiRE Onaden ek SRt solb e SAMEN e YAl
avaksiepieon Ofph ospinplethigaibsd dBical pleasphdrathigdtesneans for such
osphorodithioates, phosphotriesters, aminoalkyl phosphotriesters, .
RIS AR e A e it
welhgighkahekasphonRiest RROsRNNMEeShPRespPhoramidates including

3'-amino phosphoramidate and aminoalkylphosphoramidates,

thiodspliedpHErainTieRiess, of St cnGaRaAp HOLpHBIsktetde may serve as a
! : _ g
S B R By

Amderepetiier addcent pdessRof mecl®oside uisits aridlinkenddnbtltads' 8harh
clq%rggatﬁlé o 2ous,sals, Mgl $5its and Tiee agid, forms cap 0%,

therefore, results in cleavage of the RNA target, thereby greatly enhancing the

efficiency of oligonucleotide inhibition of gene expression. Consequently,
comparable results can often be obtained with shorter oligonucieotides when
chimeric oligonucleotides are wused, compared to phosphorothioate
deoxyoligonucleotides hybridizing to the same target region. Cleavage of the
RNA target can be routinely detected by gel electrophoresis and, if necessary,
associated nucleic acid hybridization techniques known in the art.

Chimeric antisense molecules of the present invention may be formed as
composite structures of two or more oligonucleotides, modified
oligonucleotides, as described above. Representative U.S. patents that teach
the preparation of such hybrid structures include, but are not limited to, U.S.
Pat. Nos. 5,013,830; 5,149,797, 5,220,007, 5,256,775; 5,366,878; 5,403,711,
5,491,133; 5,565,350; 5,623,065; 5,652,355; 5,652,356; and 5,700,922, each of
which is herein fully incorporated by reference.

Oligonucleotides used according to this embodiment of the present

mvention are those having a length selected from a range of 10 to about 200
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30 Alternatively, modified oligonucleotide backbones that do not include a
WO 2004/078917 PCT/IL2004/000215 73 phosphorus atom therein have
backbones that are formed by short chain alkyl or cycloalkyl
wintemaueteoside linkages, mixed heteroatom and alkyl or cydloalkytoss/o00215
intemucleoside linkages, or one or more short chain heteroatomic or
heterocyclic internucleoside linkages. These include those having
morpholino 5 linkages (formed in p@rt from the sugar portion of a

bapgfcrustrad)ysidxhe baseikbones pseftidl e AfokMk kasdssutfostepreferably

k_)g@l&lg nes; formacetyl and thioformacetyl backbones; methylene
20 ; : T
formacetyl and thioformacetyl backbones; alkene containing backbones;

sulfdihatelzackindreiemed ytemeain dnxsdtive thg dehydtezim@erocyclic

backbones; sulfonate and to sulfonamide backbones; amide backbones;
g D S SOSTRRE A BT ISD 2R AT CRRp RS PARSe A oa
phié's SdiBatrNag,9:034,506; 5,166,315; 5,185,444, 5,214,134, 5,216,141,

5,235,033; 5,264,562; 5,264,564; 5,405,938; 5,434,257; 5,466,677,

5,4761967a8 8908704 Zosud SUTIG, 861 thos: Bieddjeddn 8ibeR Ratdkbone,

g EhISiie RIER e B0a3 Loy i o
muovdifotatanshmn sétaierdiagiiateeafiresant s midntipnkarenhoss snagified

._in bath sugar and the internucleoside linkage, i.e., the backbone, of the
AL ORHEISRS: replaced with novel groups. The base units are

mairtaingdJekerpRIe srEnEioR Wil dhe RRRIGRIAR RN RUGIRRIH 8205

target. An example for such an oligonucleotide mimetic, includes peptide

asPeRleté Hsdpen). InveRvB ligehitdedigrntsiensiteanoligbringl entdidied

h - b IS.replaced.with an amide containi :
b \é‘lﬁ?ﬂ -SHGE
abac %S;éﬁ, in pa&té}c%lf ar %{;lgg%ﬁ%% hﬁgll%?%%e ac %ogu.ftﬁeé%%%sseg Lree
moeidieddbankbaresbmuidddirehtyconiiadinectiy ta apadijitagen atoms of the

amide portiqn qf the 25 kbone. United States patents that teach the
oo S Y PR RIS, orrsars Baciodia, HEoRa:
5,0005283539,082,d5,744 883 0and, B57 192620 08¢ of whighrighereins 717

incorgorated by reference. Other backbone modifications, which can be

5, 35bd IR tAS POt It HARN: 4 ARG SO, 5,466, 677; 5,476,925
5,519,126; 5,536,821, 5,541,306; 5,550,111; 5,563,253; 5,571,799; 5,587,361
and 5,625,050,

Preferred modified oligonucleotide backbones include, for example,
phosphorothioates, chiral phosphorothioates, phosphorodithioates,
phosphotriesters, aminoalkyl phosphotriesters, methyl and other alkyl
phosphonates including 3'-alkylene phosphonates and chiral phosphonates,
phosphinates, phosphoramidates including 3'-amino phosphoramidate and
arminoalkylphosphoramidates, thionophosphoramidaies,
thionoalkylphosphonates, thionoalkylphosphotriesters, and boranophosphates
having normal 3'-5' linkages, 2'-5' linked analogs of these, and those having
inverted polarity wherein the adjacent pairs of nucleoside units are linked 3'-5'
to 53" or 2'-5"to 5'-2'. Various salts, mixed salts and free acid forms can also
be used.

Alternatively, modified oligonucleotide backbones that do not include a
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Pat. No: 6,303,374. Oligonucleotides of the present invention may also
include 30 base modifications or substitutions. As used herein,
"unmodified" or "natural® WO 2004/078917 PCT/1L2004/000215 74
wbasesirmiisde the purine bases adenine (A) and guanine (G¢amckbébeooo215
pyrimidine bases thymine (T), cytosine (C) and uracil (U). Modified bases
include but are not limited to other synthetic and natural bases such as
5-methylcytosine (5-me- C), 5-hydréxymethyl cytosine, xanthine,
PheypasastAieE themrimbaehaskbensibahgraformiibbp kb detivativisiofr

i ine; 2:-propyl and other alkyl derivativ f adenine and
R G S e e A A
ineytosiesiipromkaygesract aoseCyiosnpre-azeriraghicy RsNeAbtic or

thymine, 5-uracil (pseudouracil), 4-thiouracil, 8-halo, 8- amino, 8-thiol,
be fﬂ%&fp&ﬁ%@ I biRRTSs-ddisshitielr dedrse Sariagouahiing

link-1R40 Earticstatly pabromen 5&9fwg%%ﬁr@foéhgﬁd&‘e%‘égc%ﬁ%%%xam

uracils and Céjosines, 7-methylguanine and 7-methyladenine,

bagkhenguiarittidad subfraadenians] 7sularagzanibonnst 7-feazaatiéninsd
-deazagyanine and 3- deazaadenipe. Further bases include those
e R, SR el st b e bRgReD!

batlieyciepedidi@hiPolymeansiaiepce Hadkbafepginearingmpaoes $riiRs:
oschwitz, J. I., ed. John Wiley & Sons, 1990, those disclosed by
MERGFISTEPS)., ARGewHdR et s MR rmdtRsiBorssitiorsd buetes0, 81,

subBEAR0SS BisRINsRd bYrIaB AWINones: GhARIRLED gﬁ@gﬁzﬂﬁ%gi\?g @Cg

and Applications, pages 289-302, Crooke, S. T. an
ang RE espononBrBifiehdissiosed paliculRdy diefub R3LO06CfebsiR) e

iRding. affinity of the oli i u f the inventign. T, _
0 S et By 8 WAy e AR h e Db
S,ﬂsiﬂe%ﬁmtéanﬁﬁﬁﬁésﬂmuﬁiﬁﬁl &a&ﬂmog;ﬂaﬂgo@eg,@argmwhm@%}d

- ynylcytasine, 5S-methylcytosine substitutions have been shown to
S R b Beetik SRRy 54 5%6: FSab P S Eeal 0
5,489332 Antisens®) 25 Researchand dpnligations, CRC Press, Boca Raton

276-278] and are presently preferr’ed base substitutions, even more

partiothsryalisersdraBasd Wik ennisthoodetydwdizg odificatiosst

invention, are those modified in both sugar and the internucleoside linkage, i.e.,

the backbone, of the nucleotide units are replaced with novel groups. The base
units are maintained for complementation with the appropriate polynucleotide
target. An example for such an oligonucleotide mimetic, includes peptide
nucleic acid (PNA). A PNA oligonucleotide refers to an oligonucleotide where
the sugar-backbone is replaced with an amide confaining backbone, in
particular an aminoethylglycine backbone. The bases are retained and are
bound directly or indirectly to aza nitrogen atoms of the amide portion of the
backbone. United States patents that teach the preparation of PNA compounds
include, but are not limited to, U.S. Pat. Nos. 5,539,082; 5,714,331; and
5,719,262, each of which is herein incorporated by reference. Other backbone
modifications, which can be used in the present invention are disclosed in U.S.
Pat. No: 6,303,374, Oligonucleotides of the present invention may also inchude

base modifications or substitutions. As used herein, "unmeodified" or "natural”
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Another modification of the oligonucleotides of the invention involves
chemically linking to the oligonucleotide one or more moieties or
conjugates, 3 o which enhance the activity, cellular distribution or cellular
wiptakgoadstiye WO 2004/078917 PCT/1L2004/000215 75 oligefyacientiihez1s
Such moieties include but are not limited to lipid moieties such as a
cholesterol moiety, cholic acid, athloether e.g., hexyl-S-tritylthiol, a
thiocholesterol, an allghatlc chain, Ké%- dodecandiol or undecyl residues,

aé%ﬁ%@ﬁ%ﬁ%?&we g%&wﬁéihwad]ﬂmpmmdme

b%séglsygil% ylene g yc r@ Z a{'gn%:rll g%s ace#?g%?gkpa pa r%‘#u %’ilét?ire

n@rlamtfrdad@dﬂymmynﬁmmcmmmmmwmﬁhﬁ&ﬁseémm@@mm-
in U. at. No; 6,303,374. It is not necessary for all posmons
Ch S R IEIL TOR ho BEURE 6 (6 BOSHROTRY MGR R &

mieByMere Yaed angoiithe alerreenivnat MedlicationmAYRE and other

incorporated in a single compound or even at a single nucleoside within

alkyl ofigrdratives trfe afamimen iade eapingR R pxupsilabothivthppioacmd 2-
t iy os fIC lly inhibit P

3- klnaggghbﬁﬁé? Her elr@r{]%g |59{ fggagtv?ops%éﬂ&ocegs I g)ftrsﬁ s?ép, azo

w&hkmwmmnwéﬁhymm;aﬁw&ép@mmﬁaﬂk i$-digestad jnohdly23-

nucle (ht),small r ring RNAs (SJIRNA), probably by the action of

Ve, %%8% %WE e%i f-’% AIOSHR B Reasas,

gunhielpO0RRSHE{RIGRYRST AeBNNG, NAmAJBHaRSNANLIaMNShstituted

Successive cleavage events degrade the RNA to 19-21 by duplexes 20

UTRGRNEY SXIT IR et BIoveihngsHadainerfanmh Zemineand
vel 12 232 and.B
S0 Cu Sol, Cansieni DEISbUEN 47225 22 g e

(2001) Nature 409: In the secon 5 ferme
depensiRNAcduplexeBebinohbes amuhiéasmoeﬁn Mmlm&b nirth&7 RNAndaded
£omp RIS ATP-dependent unwinding of the siRNA
& E

guplex s Uit eaTOr Dati BRRISEVHIRHENE RIS mtargets
Athe Bomadedoys ;ﬁﬁ%%CXBEQBQaﬁ?oschwztz, I I, ed. John Wiley & Sons,

1990, those disclosed by Englisch et al.,, Angewandte Chemie, International
Edition, 1991, 30, 613, and those disclosed by Sanghvi, Y. S., Chapter 15,
Antisense Research and Applications, pages 289-302, Crooke, S. T. and
Leblen, B. , ed., CRC Press, 1993. Such bases are particularly useful for
increasing the binding affinity of the oligomeric compounds of the invention.
These include 5-substituted pyrimidines, 6-azapyrimidines and N-2, N-6 and O-
6 substituted purines, including 2-aminopropyladenine, S-propynyluracil and 5-
propynylcytosine. 5-methylcytosine substitutions have been shown to increase
nucleic acid duplex stability by 0.6-1.2 °C. [Sanghvi YS et al. (1993) Antisense
Research and Applications, CRC Press, Boca Raton 276-278] and are presently
preferred base substitutions, even more particularly when combined with 2'-O-
methoxyethyl sugar modifications.

Another modification of the oligonucleotides of the invention involves
chemically linking to the oligonucleotide one or more moieties or conjugates,

which enhance the activity, cellular distribution or cellular uptake of the
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pairing interactions and cleaves the mRNA into 12 nucleotide fragments
from the 3' terminus of the siRNA [Hutvagner and Zamore (2002) Curr.
Opin. Genetics and Development 12:225-232, Hammond et al. (2001)
wbabtoRexof5en. 30 2:110-119, Sharp (2001) Genes. Dev. 15485r90]4/000215
Although the mechanism of WO 2004/078917 PCT/IL2004/000215 76
cleavage remains unresolved, research indicates that each RISC contains
a single siRNA and an RNase [Hu}\s/agner and Zamore (2002) Curr. Opin.
oligemutiestidry DEIomRisHEs 2ashrlo I Recagsdivtithé tertipidablactios
Vi I3 1 e RNA| pat .emplays
oo & B b o L e
thigshalpgandliclawelifthaienelraie, neare sikNémdiobyrepligation-efithes, a
h%iRlPIlAls flgirmed. t matg’%% or a ditiogflly, amplification could be
PRERREERYYy fitipis RIRGTeY S0Er GF ORI SR IMORA S d1 s
hek@ie@@taﬁgmc%félﬁﬂi%‘ﬁn%l)ﬁ!ﬁa@%]ﬁog‘%ﬁﬁ% BEY faryrfBe glycol

Hutvagner and Zamore (2002) Curr. Opin. Genetics to'and Dévelopment

chiip o8 sdmmanking aeetinfarifafoPrbRiA ek v dollowadgageivine or
I :239-245, Cull 2002).N |
RS A L

6, ¥im¥dsis of RNAI molecules suitable for use with the present invention
can li)teieffe ted as follgws. First,.the Pl 3-kinase nil2NA sequence is

scanned 18 deWREFRaMoF tHEPAHDS (HHABEH iSRRG GRS pdecule

o SeguentenOenuaisede alEactAL Mrihe adiaenhl L reeelidssds
o {gg}égrded as potential sSiRNA target sites. Preferably, siRNA target sites

1Safs drrgnbet i BpeRaied din g (RRa SeTnRGamGleted ragidissingle
mutiEbRSkareRITha! il LeaHIalgRyProtein binding sites. UTR-binding

proteins and/or translation initiation 20 complexes may interfere with
bindiRdy-&f thieSiRaAcdRAbA) Cle st cutiplexpffosthixGhdmBiobbemlized

:239-245]. It will be reciated though t SiRNAs _directed at ]
oy I RIS Fragiong ?ﬁ%‘“ﬁiéa{? éﬁ@@ﬁ?é%@?ﬁ%n%ﬁlﬁ&@&%ﬁ
a twhestein BN dire ciedial thepd whti mediated Abutiaifd %, Qﬁsﬂqﬁﬁ&zi”
llular GAPDH mRNA and completely abolished protein level 2
ds i g RCERREChRS Y e ide Hptismall interfering RNAs (siRNA),

probably by the action of Dicer, a member of the RNase III family of dsRNA-
specific ribonucleases, which processes (cleaves) dsRNA in an ATP-dependent
manner. Successive cleavage events degrade the RNA to 19-21 bp duplexes
(siRNA), each with 2-nucleotide 3° overhangs [Hutvagner and Zamore (2002)
Curr. Opin. Genetics and Development 12:225-232 and Bernstein (2001)
Nature 409:363-366].

In the second step, termed the effector step, the siRNA duplexes bind to
a nucledase complex to from the RNA-induced silencing complex (RISC). An
ATP-dependent unwinding of the siRNA duplex is required for activation of
the RISC. The active RISC then targets the homologous transcript by base
pairing interactions and cleaves the mRNA into 12 nucleotide fragments from
the 3’ terminus of the siRNA [Hutvagner and Zamore (2002) Curr. Opin.
Genetics and Development 12:225-232, Hammond et al. (2001) Nat. Rev. Gen.
2:110-119, Sharp (2001) Genes. Dev. 15:485-90]. Although the mechanism of
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Following putative target site selection, target site sequences are
compared to an appropriate genonuc database (e.g., human, mouse, rat
etc.) using any sequence alignment software, such as the BLAST

weoitwggsavailable from the NCBI server (www.ncbi.nim.nibpg@wiBhdmdddis
Putative target sites 30 which exhibit significant homology to other coding
sequences are filtered out. WO 20041078917 PCT/IL2004/000215 77
Qualifying target sequences are séfected as template for sSiRNA

clesyagrespmpinsfameerebigdercesaete thdinaianithainerue RIWG Oueiners,

. S ce.@@ sequenc av ven to b %effect' n-mediating .
Smge?\es 5 enciriatf:}%as‘rm(‘:o%n%\fc?lasreeeczi%1 %%%eﬂa%}ﬁmg a Rfecc?%?)eér?t) h%ﬁ%‘r 319353155
GefeteverbDaveripsites: 3 a2 prefeiaBesaieetefithtongrinkdenoatehthef

ne for evaluation. For_better evaluation of the selected SiRNAs, a

Rﬁﬁéﬁ-ﬁ%&gwﬁ% sregrstedabrl the KL SRERERD SNA TR ABRITCaIRA
sty CTRIAPRGIOAINAS FIaSAERE: THClpUAS: 6PRMROSIIONRARINE S

lack ‘significant homology to the geriome. Thus, a scrambled nucleotide
gesetpie meero SIRASR NA iy peploratbin wsdbs pidites formsdodd nutadisplny
a ignificant hamol to any pthe ne..Following the
or R A e R Y B i ot of

th8 REJO-8L ainearpdrated. h@@in bikseference)sucegssillyoinBikited BB
kinase expression, and activity in cells, using synthetic and expressed .

G A Baserron thHe SSHIERRE A LBRBDER b it of - iRt 5
antPhiRifienakBh3-Kinase. expressiop canralsadeeliasiedysingarbezymes.

Ribozymes are being increasingly used for the sequence-specific

folkmnprevfoyenbusspl€28in Ghandinshony SRMRAA S sHend#Y2) Nat.

roteins,of .i st Ic ! ression, of ribozymes i
o s B R RS B et

199%:Qatio¢h) «BR204]. :R0idhdagassibility fot designihghitomaediocpitaye

any specific target RNA has rendered them valuable tools in both basic

CaPe BB i ar #herititich Epipitbations-iPae iRBAIpeStRucarsas scanned
dohaadnes baverReemenpleited I iRygetoyiral RNARIR IBGEHOUS quences.
diseases, dominant oncogenes in cancers and specific somatic mutations

Osegesnstic ofiserderd fwanch el miissepinaanelansidesy is recorded as
potential siRNA target sites, Preferably, siRNA target sites are selected from
the open reading frame, as uniranslated regions (UTRs) are richer in regulatory
protein binding sites. UTR-binding proteins and/or translation initiation
complexes may interfere with binding of the siRNA endonuclease complex
[ Tuschl ChemBiochem. 2:239-245], It will be appreciated though, that siRNAs
directed at untranslated regions may also be effective, as demonstrated for
GAPDH wherein siRNA directed at the 5° UTR mediated about a 90 %
decrease in cellular GAPDH mRNA and completely abolished protein level
(www.ambion.com/techlib/tn/91/912 html).

Following putative target site selection, target site sequences are
compared 1o an appropriate genomic database (e.g., human, mouse, rat etc.)

using any sequence alignment software, such as the BLAST software available

from the NCBI server (www.ncbi.nlm.nih.gov/BLAST/). Putative target sites

which exhibit significant homology to other coding sequences are filtered out.
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25 for hepatitis C virus infection.” Clin Diagn Virol. 1998 Jul 15;
10(2-3):163-71.]. Most notably, several ribozyme gene therapy protocols
for HIV patients are already in Phase | trials. More recently, ribozymes
wbaverhegnused for transgenic animal research, gene targetcuaidasiome215
and pathway elucidation. Several ribozymes are in various stages of
clinical trials. ANGIOZYME was 30 the first chemically synthesized
ribozyme to be studied in human clihical trials. WO 2004/078917
PCTRL2BGAYED021E 7 SSUNDROY YaE SplssifdalBsintamipiaisrniationBRthe
- elial Gr =actor regeptor ey component
S Y R o I SEER 1 e S
sudtheegfimsbauee geovenstrdtechtire sffpoitenterntdiatiangiogeiRaisEng as
therapeutics in animal 5 ﬁm{f els. HEPTAZYME, a.ribozyme designed to

cogmaraf i\ iR RRY e A litS Couvnk g hag R WAs ol gl stiRs
ar%%%?ﬁ%ﬁlg klepatiis:lond AR NAR GelevERAsSAY SIRINGRUNGL. For

armaceuticals, Incorporated - WEB home page). DNAzymes can also

befer ANplsatinntat broseaeipd SHIDM DR Azgats fentiolsipngefmabldaed

: id 1 [ f ving both single and double.
n IR, SRl AR RMAR RN e G MG ige
coBiptsgyohIB5iR6HNSarior dadk VigdilaytdombloBrae. iNafiedAnad, Ibius,

USA .19 7;913:4262 A general model (the "10-23" model) for the
BN

TG, SSBBRE @ 15 SH DN AL PSR bisdhTgaded it
dodomAiaigpihd dBydeoxyilannyslatidssidlankeehby Jue

substrate-recognition domains of seven to "nine deoxyribonucleotides

each otinw/ippdhss Drraymsiensianetivbly creuderescs ubSiiae ARnRes
2004repyyiNdine | ?H%S}{éggggoyT§ﬁ¥rve-n%ee}°%ﬁ%e%fﬁzwpi§@bgea&'@ 3

Acad. Sci. USA 199; for rev 0 zZymes se achigia urropin
kinaet EhpreaoioR;dabdcedyiROik xatisplesiod contirtictiondanchasifi gErtiNim,

b ALt S0 Ao D B HA e e Hkibsed in U.S. Pat
No. 6:B26di¢ ter) prcesatinhsNARHEISHAT Similalisdesign diegied using
_against the human Urokinase receptor were recently observed to
ribozymes. Ribozymes are being increasingly used for the sequence-specific
nhibition of gene expression by the cleavage of mRNAs encoding proteins of
interest [Welch et al.,, "Expression of ribozymes in gene transfer systems to
modulate target RNA levels." Curr Opin Biotechnol. 1998 Oct;9(5):486-96].
The possibility of designing ribozymes to cleave any specific target RNA has
rendered them valuable tools in both basic research and therapeutic
applications. In the therapeutics area, ribozymes have been exploited to target
viral RNAs in infectious diseases, dominant oncogenes in cancers and specific
somatic mutations in genetic disorders [Welch et al., "Ribozyme gene therapy
for hepatitis C virus infection.” Clin Diagn Virol. 1998 Jul 15;10(2-3):163-71.].
Most notably, several ribozyme gene therapy protocols for HIV patients are
already in Phase 1 trials. More recently, ribozymes have been used for
transgenic animal research, gene target validation and pathway elucidation.

Several ribozymes are in various stages of clinical trials. ANGIOZYME was

the first chemically synthesized ribozyme to be studied in human clinical trials.
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inhibit Urokinase receptor expression, and successfully inhibit colon
cancer cell 25 metastasis in vivo (Itoh et al., 20002, Abstract 409, Ann
Meeting Am Soc Gen Ther www.asgt.org). In another application,
wbbiAzyrees complementary to bcr-abl oncogenes were suceegsidhéad necz1s
inhibiting the oncogenes expression in leukemia cells, and lessening
relapse rates in autologous bone marrow transplant in cases of CML and
ALL. 30 It will be appreciated that pfotein agents (e.g., antibodies) and
ANGEOEME? sz iBcati 2iobib(90 2usatiooligeh ubleoWIGIYeN(Y ascular

ihpz DNAzym s RNAI, etc) of the resent inventipn can_be
Eng((%aeégada rovlvr:wji% %ofyﬂugl%gﬁ’a%se 8&?98%?& FotetnaPesasid
patiitaived Stébosetis emml@mgxﬁmaa@pmnat@ 96Re ddIVEer firms have

vehicle/method and a nucleic acid construct as is further descrlbed

demaRinatsderths E%B%@Bﬁeo@ué‘ﬁtb@ﬁéiﬂ&?&eé% Beetanssiéss dn seatieal
mSINEESSIOPT APYIARCSS Pegiment gl the BEsRSY ﬁ&@ﬁ?@

providing the modulator of Pl 3- klna e activity or gene expressio
VigifedtEd\DyRPdAsientfoergrefsiiytte detisesse: itpaticettiveatBAVA in

me the siR moIecuI or the D e within a tem cell. In
Cea%no er, pre?e?’reﬁé%%ﬂﬁe ‘?a{ﬂba%%i?gféy Eﬁ?ﬁo@gﬁt O\I?i‘afﬁﬂ%
paigeiffected by (a) providing an expressible polynucleotide capable of
expressing the antisense polynucleotide, the ribozyme, the siRNA

moldeDIEBIRGS ERRALMRS HliZed) st b Rersaiineniing. DRpheasisiare
st BHSIRRICSIIR R186RRM &Rl GaY dhetghy Jif 81’&9{!}%%%5@8%@ and

capable of downregulating a Pl 3-kinase activity or Pl 3-kinase gere
d%kh@é@ndeemrab@cqmté&naﬂmeﬁdasm ﬂ@tfstéblélhmmmaylmt

d d h b f t bl
Bigit%jruc?s frcio S%nef es trlmlti‘%?{% %@5’\/\' S | Tep%i%
1992%8\42663‘) )ApRispiay, m&d‘ﬂwmoamw&weﬂ@m@mw@qms

commermagc;/ avajlable from Invitrogen Co. 20 (www.invitrogen.com).

bepl ARTORRS retro&@aﬁect@%ﬁd@éék@% Hystaiidytige desstimsont byS
debA9RIRGR R IE 982 G H NG ARG REU X0 %9)5? ch%lﬁhx X @ven to

pLXSN, which permit cloning into multiple cIon g sites
nine deoxyribonucleotides each. This type of DNAzyme can effectively cleave

its substrate RNA at purine:pyrimidine junctions (Santoro, S.W. & Joyce, G.F.
Proc. Natl, Acad. Sci. USA 199; for rev of DNAzymes see Khachigian, LM
Curr Opin Mol Ther 2002;4:119-21).

Examples of construction and amplification of synthetic, engineered
DNAzymes recognizing single and double-stranded target cleavage sites have
been disclosed in U.S. Pat. No. 6,326,174 to Joyce et al. DNAzymes of sirnilar
design directed against the human Urokinase receptor were recently observed to
inhibit Urokinase receptor expression, and successfully imthibit colon cancer cell
metastasis in vivo (Itoh et al., 20002, Abstract 409, Ann Meeting Am Soc Gen

Ther www.asgt.org). In another application, DNAzymes complementary to

ber-abl oncogenes were successful in inhibiting the oncogenes expression in
leukemia cells, and lessening relapse rates in autologous bone marrow
transplant in cases of CML and ALL.

It will be appreciated that protein agents (e.g., antibodies) and
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transgene is transcribed from CMV promoter. Vectors derived from Mo-
MuLV are also included such as pBabe, where the transgene will be
transcribed 25 from the 5'LTR promoter. As the method of ex-vivo

wedpaneiag and inhibiting differentiation of a population of sierg/gelssmon215
according to this aspect of the present invention, is effected by

modulating Pl 3-kinase expression and/or activity, either at the protein
level, using a PI 3-kinase inhibitor Such as wortmannin, LY294002, or 30

oligervalensisienegssts otrthanEzash&disression feVallyigtgerdtiche present
. ineeri 917 PCT/1L.200 5 80 technigues,.as,is
i RO e dbeold anbedne R d8

to invention, sévetd peiarredivetiosls dhex-wivoapypamniing aade inhéiiag
differentiation of a population of stem cells. Inhibition of Pl 3-kinase

velglefipeihndrnd fatielpis ARHb MBS han AL S udhrhisiord e nfreigunder.

wortmanaiRidnY 294008, appsHatAtyRsIRarankas dasciigd dRnfolsion.
example, U.S. Patent Nos. 5,378,725, 5,480,906, 5,504,103, and in

Thntereenising Patont Pabhediioastvwd heopzssT amcution9aatyaBngyiich

incor ed-herein by reference, and by.the.spegific P1,3-kinase
RS SRS BT ey
exatessing ilecinetiipatatedihareisdidecidreribeziningl tenddnationtofiher
maogdulators may he, depending.on the specific application, jn the
thin S ki

o 81t EhgEY: FdResahE, Wt%ﬁ%&ﬂ%‘tﬂ@%aﬁﬁut
expBAMM ipreiprab %wigamﬁﬁghtjé Mriebyit &P @%ﬁ%ﬁ%%ﬂ@ﬁf@@%le

within about 5 M to about 40 mM. While reducing esent invention

POy prelentdce frapaiicinmbitipesSmBathteadispoietipolioncisitile, the
] iati d | of 4 - d d
gt Re R Rt iiascna i eliiia sl

exiur BN Lpdikmsciecoide pirefersedamhediofent, ¢bB, effeative providing a
concentration. of the modulator, of PI_3-kinase activity is abgut 20 0.1M/L to

MBS Fe%bn‘%‘?é‘fﬁ’fﬁ%‘é?@@&ﬂ £ moSrpre R ARy 13- SoRrinapR@ene

exPrevivorexmansionof hopkiationaLhstepaele aseardingfo Rl transient

expression in cells are described hereinbelow.

Examples of suitable constructs include, but are not limited to pcDNA3,
pcDNA3.L  (+/-), pGL3, PzeoSV2 {+/-), pDisplay, pEF/myc/cyto,
pCMV/myc/cyto each of which is commercially available from Invitrogen Co.
(www.invitrogen.com). Examples of retroviral vector and packaging systems
are those sold by Clontech, San Diego, Calif, including Retro-X vectors
pLNCX and pLXSN, which permit cloning into multiple cloning sites and the
transgene is transcribed from CMV promoter. Vectors derived from Mo-
Mul.V are also included such as pBabe, where the transgene will be transcribed
from the 5’LTR promoter.

As the method of ex-vivo expanding and inhibiting differentiation of a
population of stem cells, according to this aspect of the present invention, is
effected by modulating PI 3-kinase expression and/or activity, either at the
protein level, using a PI 3-kinase inhibitor such as wortmannin, LY294002, or

derivatives thereof, or at the at the expression level via genetic engineering
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features described hereinabove, can be utilized for expanding a
population of hematopoietic renewable stem cells ex-vivo. Hence,
according to another aspect of the present invention, there is 25 provided

wa piethoshof ex-vivo expanding a population of hematopoiet¢ menewaie s
stem cells ex-vivo. The method is effected by obtaining adult or neonatal
umbilical cord whole white blood cells (also known in the art as

dpgashucta ol feien ot ote paron els e,
theCpHEsextVinoGalbYY QRRPA/ G8RLER GIh3004/09215, 814 B%Hﬁgtg}l(h

. .and, at the same time, for reducing the expression and/or activity
inbhabidingsdif ey datintisuripba prepreiatidio vé sthereblisexpanding a population of

ar ble s ells in the sample. In stilL.another particul .
o S R T bt Ry T Wb B fnase
inhéfiestedshyhobiaiingasiull DY neopatabumbiicsdoase iwhale whitsshland
lls or whqle bone marrow cells sample and providing the "cells in the

in, E KA oo RIRTFNR AR OAS 107 st MRS oovi 0, and. in
IntBFRMIRARIOPa A5 ﬁfﬁﬂ@aﬁ@ﬂé‘?\ﬁ@%a‘@%@@?,cE%ﬂi?&?@ép%}ﬁ%fsfh%ﬁ@{%r

! ! . . 4 e
cells in responding to signaling pathways involving PI 3-kinase, thereby

incexpRittghersinpbp ulefiornce a reddwatbie stewiGelRIir thinssmipleibitossil
. r-partigulgr embadiment. of thy the present invention, the
oL QIelt b} QLA BB CRCibl e BT AR

inocatpite ditabieeeiishorrafacdadzone marrow cells sample and providing the
ceIIsF'Ln the sample with ex-vivo culture conditions for stem cells ex-vivo

cell ISHHOIFERSABR AR, 411 soewatonsnmier, therdimrading dingthe
spd?@ﬂé‘|§Bﬁﬁc9ﬁ@n[efi‘1e‘ﬂ’ﬁbiﬁi§fﬁiﬂcﬁﬁusopﬁﬂﬁiﬁmlq'a?%anqj[%? RS mple,

_population of stem cells can be further utilized, according to the present
withireabion; thlizdyMicabenting, sudh thefeaaddyrditihitoabiliaAqthé toaspeat

S Y EON
thd iivddngndifierentiatipnaidbesstemm e llsimuive: Jhenpihed,aseprding
steftag trclzlesﬂasLSpdei%tt"erentiation, and renewal of the CD34" population was
demonsirated in cells provided with PI 3-kinase inhibitor LY294002 in the
range of 0.1uM/L to 100uM/L. Thus, in one preferred embodiment, the
effective concentration of the modulator of PI 3-kinase activity is about
0.14M/L to 100uM/L, more preferably 1-50uM/L, most preferably 10-20uM/L.,

The ex-vivo expansion of populations of stem cells, according to the
features described hereinabove, can be utilized for expanding a population of
hematopoietic renewable stem cells ex-vivo, |

Hence, according to another aspect of the present invention, there is
provided a method of ex-vivo expanding a population of hematopoietic
renewable stem cells ex-vivo. The method is effected by obtaining adult or
neonatal umbilical cord whole white blood cells (also known in the art as

mononuclear cell fraction) or whole bone marrow cells sample and providing

the cells in the sample with ex-vive culture conditions for stem cells ex-vivo cell
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of the present invention is effected by administering to a subject in need
thereof a therapeutically effective amount of a modulator of Pl 3-kinase
activity or expression of a gene encoding Pl 3-kinase, the modulator
wselesigekeppable of 25 downregulating a Pl 3-kinase activityot@boos/000215
expression of a gene encoding PI 3- kinase, according to the features
described hereinabove. In another particular embodiment of this aspect of
the present invention, the method 3 effected by administering to a subject

Pri{ RO aRchia theeYama s Sreciringntbt Srprassinsdangior ety

PKNRBe.Actid QedQicXRIRSSIAT gL AN e

° modulator selected capable of ngg%b%fﬁ/glseggﬁa%{ %%82%%?)3(1%055

regrmegitminglls B Bdkmaagdactivity or an expression of a gene encoding
Pl 3- kinase, which serves for reducing a capacity of the stem cells in
resp%nné; %%et%n%lger{aﬁ)ﬁén Sgiﬁlwg)r}ls %@g?\?ﬁ?g%ﬁ gﬁ(ﬁ nAREASIE Hgiugsent

inferinghbyendthstliapothesartisbtaiembasimentRbitis parastielitherd
present 5.invention, the method is effected by administering to a subject

whils bt &lest Sl rayepicdngnermamranslisriesierasl prusgding the
celthibitgl. Asysedferein thrguahout U&%@%@%e £p %'E%ﬁi%éiﬁ?" y Sliectivg

amount” or "effective amount” refers to that amount of the agent being
prelafeiatinarent, vabitte willin duee, dsparbiomgfastapaciifofehinktibit thals in
' tiation thereof. zo The methods described herejinahove for ex-vivo
re O R P Bl Ry Exparnieg o
popapuiatiant ofetemabedstehhusiiflithbe asepding to an aspect of the
ntion there is provided an ex-vivo expanded population of

tin . |
Ereerﬁﬁ{]of;‘g‘\if:ﬁ@%ﬁ%?ﬁ LRt Eabadivsat bitraigepeeielnd the present
. t 1 1 I + ” f
g of e o R IaHIE AR ESE AT R ErLSre
whelerghitsrblosh cdlananydislotimeimamahecrisedentahient Dadvadills, the

ajority.of cells which are .Lin- are also CD34+djm cells. In.pne |
CE—\:[eﬁmlbo w?m?%ﬁ%ﬁ%"ﬁle&m% 6]65%&(1:38‘15%%108 tg?%sd}énﬁvgsrf’r(?ﬁ}?ﬁ gsureg cell
prebfecttion fandh thehgidRip3cRIBISEIgHMbRON BB WxpLilheral Ripakass

fneonatal 0 umbilic?l cord blood. In another embodiment, the population
of grengwable stem cells 1n the sample.

Expanding the population of stem cells can be further utilized, according

to the present invention, in in vivo settings, such that according to still another
aspect of the present invention there is provided a method of in-vivo expanding
a population of stem cells, while at the same time, substantially inhibiting
differentiation of the stem cells in-vive, The method, according to this aspect
of the present invention is effected by administering to a subject in need thereof
a therapeutically effective amount of a modulator of PI 3-kinase activity or
expression of a gene encoding PI 3-kinase, the modulator selected capable of
downregulating a PI 3-kinase activity or an expression of a gene encoding Pl 3-
kinase, according to the features described hereinabove.

In another particular embodiment of this aspect of the present invention,
the method 15 effected by administering to a subject in need thereof a
thei"apeuticaiiy cffective amount of a modulator of PI 3-kinase activity or

expression of a gene encoding PI 3-kinase, the modulator selected capable of
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single genetic background. In yet another embodiment, the ex-vivo
expanded population of hematopoietic stem cells comprises at least N
cells derived from a single donor, wherein N equals the average number

wof 0034gvcells derived from one sample of neonatal umbiligataerdialand:s
bone marrow, or peripheral 25 blood multiplied by 1,000. Cell surface
expression of the CD34 and/or Lin _markers can be determined, for

example, via FACS analysis or. irnﬁ%unohistolo_gical staining techniques. A
dOTEH TR otertiAIMshacstEiy Qels espresigatefaiger andedny Rbig
I, SRR JAHBRIGP LT CHGR YO as s dbiine fied inthe .
.Examples section that follows, or %E/)glﬁt\ﬂnﬁ\%l %éﬁ%ﬁﬁﬁ%@éﬁgﬂ inthe ading to
sigelnghethoaseimodeing Fé SRiDdyuantusimatbiIErB604/078917

PCT{1L2004/000215 83.employs.C.RB-17 scid/scid (SCID) mice
tranéﬁ]asﬁ?gdav% %ru%%%%Tﬁ t Waﬁﬁfﬁﬁ%?n% rSSLAE & B Essent
ineagtiprovides eh@bprefiiatedraodehionitierigyalliauan; eLPUAHYE fimaR,

hematopoietic_stem cells. Because of the reconstitution of the SCID mice

thETRREHARY fitcHas et Rbad] birkiagsminbibistteration of stem cells,
in thig CASEIMNERAD AEMBIRRRSHS e%ﬁg%eﬁeﬂﬁextgpﬁﬁgﬁfﬁteeff&%v%ugﬁgﬁﬁtjn

trle hematopoietic microenvironm uman” origin. Mice are typically
orjrratfestvs thieausliventadsstentbot|mintothef giaftagamn dbetagnslittitinnisd

number aof methods, including FA nd . .
R S s ot i e ruiion ot
(1997)13‘mmgaema@%wﬁaemtmdaﬂeﬁqil@@ﬁa&?ﬁiﬁm%ﬂ%ﬁ@
be utilized to produce transplantable hematopoietic cell preparations,
PORIRIORS AL B ey el anBiier sapaded mprurtea sispsntotsthere is
provipigg a ' [ lgﬁ%% temycel ation, whic :
comprise%%%%%?ggfﬁg%%ﬁﬁe atot;metlc c%?éége%#pgﬁc% %1)1(_;\;}%%#‘5
preédseb senee dharceposing popolatiof ohemodpbitaicotRhBddhasehich

BT PSRN AR SRR R e Ot
relpresdio0 B4 geille, eifontlioy B Rddnase,betehy iphibitng* . ie., fall
befj{:))f\rﬁi@nt%té%?éna?n?eelfs?%b?nd Q elgfek_l(%%b gl\llgllylstig:, lelartﬂgrggl?rienc I?ﬁgdr’elsr;ﬂtehc?able
CD34" cells, a majority of cells which are Lin™ are also CD34" s, cells. In one
embodiment, the hematopoietic stem cells are derived from a source selected
from the group consisting of bone marrow, peripheral biood and neonatal
umbilical cord blood. In another embodiment, the population of cells has a
single genetic background. In yet another embodiment, the ex-vivo expanded
population of hematopoietic stem cells comprises at least N cells derived from a
single donor, wherein N equals the average number of CD34" cells derived
from one sample of neonatal umbilical cord blood, bone marrow, or peripheral
blood multiplied by 1,000, Cell surface expression of the CD34 and/or Lin
markers <can be determined, for example, via FACS analysis or
immunohistological staining techniques. A self renewal potential of the stem
cells can be determined in-vitro by long term colony formation (LTC-CFUc), as
is further exemplified in the Examples section that follows, or by in-vivo

engraftment in the SCID-Hu mouse model. The SCID-Hu mouse model
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20 of the present invention, that the therapeutic stem cell population can
be provided along with the culture medium containing the modulator
capable of downregulating a Pl 3-kinase activity or an expression of a
woeneeneading Pl 3- kinase, isolated from the culture mediuraranshosooezis
combined with a pharmaceutically acceptable carrier. Hence, cell
populations of the invention 25 can be administered in a pharmaceutically
acceptable carrier or diluent, such®s sterile saline and aqueous buffer

Bﬁl@é‘wﬁoﬁsﬁﬂiﬂesgggsﬁ% ﬂ%ﬁ@r@i@aﬁ@l@l@@m }gitbehugn@wﬁgiaitrﬁbmm n
an@?ﬁi&a{%%%lea%F Rbgdiment 8&&%&3{%%%&?%% B@%%‘Sghﬁ%%%%& fe i
erapeutlc ex VvIivo cu ureo? stem c poplﬁatlon mprises an expan eg

eva@populatiopuithematopaie fie stetopoadiscpspagatdts ex-Bycainthef the
presence of an WO 2004/078917 PCT/IIHZEOO4/,00021§F984 effective

recORSHILER A1 HiseRt Whiel fetiliBee men g5ty sPifie Biomadsiafiords the
préBeRaRdING ol 3-kinase; signalings whsiantinthninoiing disrentiation

of the stem cells; and a pharmaceutically acceptable carrier. In still
prelifstiats, pantciiimctmbéihenhomtiepaipicpiaeprasamestimiehtioin

the transplantable. hematopoieti Il pr ' i d
o s A B e A L e i e
anfiresensatofian Bffectiveaiiouniofanitics-kinasthohiitoipding FACS and

. pharmaceutically acceptable carrier. The ghilit o%tiga ent ftaf

iR GRS GEREBN RS T TEROEHE RS GEEERT (GIBHSEcofl ar RO )

0Lsegkin various technical applications: According to a further aspect of the
present invention there is provided a method of preserving stem cells. In

one Askbiverabrit, the methedsisdefetbed HieTREMaNYg thanstben edlizadato

o following stenc. A .
P e s R, S R A o
yebrerfressgral o ghagrneadimy it Bkittase ithprovadedatoth selpated ex

e PLAGBIRP: S gk TR Ao AP RHEAm S CREEieHty
heRanafiokiiecsiam:gaihit dlleasionetat hedolloving stemschaevesbunt of
anlsaogggglator of P1 3-kinase activity or expression of a gene encoding PI 3-

kinase, the modulator selected capable of downregulating a PI 3-kinase activity

or an expression of a gene encoding Pl 3-kinase, thereby inhibiting

differentiation, as described hereinabove. It will be appreciated, in the context

of the present invention, that the therapeutic stem cell population can be

provided along with the culture medium containing the modulator capable of
downregulating a PI 3-kinase activity or an expression of a gene encoding PI 3~

kinase, i1solated from the culture medium, and combined with a

pharmaceutically acceptable carrier. Hence, cell populations of the invention

can be administered in a pharmaceutically acceptable carrier or diluent, such as

sterile saline amd -aqueous buffer solutions. The use of such carriers and

diluents is well known in the art.

In one particular embodiment of this aspect of the present invention, the
therapeutic ex vivo cultured stem cell population comprises an expanded

population of hematopoietic stem cells propagated ex-vivo in the presence of an
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and/or storage, in a presence of an effective amount of a Pl 3-kinase
inhibitor, 20 such as wortmannin or LY294002, a modulator of Pl 3-kinase
activity or expression of a gene encoding Pl 3-kinase, the modulator

weslesteskeapable of down regulating a Pl 3-kinase activity @afir.2004/060215
expression of a gene encoding PI 3- kinase, or an anti-PI 3-kinase
antibody. According to still a further aspect of the present invention there
is 25 provided a cells collection/cﬁﬁuring bag. The cells

cffesilaetiomeumiuph@bagor. thdiste sedesaventondsisuppldmesitad watls dn

ot ; I it ) ;
e A A A e en
thasamregild atind apRhlrkicase Aty ity aonabic expriession of a gene

encqding, Pl 3-kinase. In.one embodiment, th odulator WO
2003?0‘?%1%@?%%6&’%605 C@é“?&*#ﬂ 3R &P rhe uRY et

inWRHBIANGHE QY2402 ORanAsLRS- kinpssraptibady. Asaqiding ta,

the present invention there is also provided a cells” separation and/or
ex APenTEt Fhek dsaalivnegHa/ siowaskily Dufegies suppkemisntbd

prlllhan sffegive fmounl of g meruiator o S inase adiver g

expression of a gene encoding Pl 3-kinase, the mo or selecte
pheapabtteiofadpacgaidtiograd?) 3-kinase activity or an expression of a
gen ne embudnncut, the. modulatyr i5 a Pl

ncoding Pl 3- kinase. 'in 0 . |
ey AT e e it S
of 3tkiN2eE AFdDBE Yad ReA s dedfunthen deialleshialpyppiiem salls may serve to

exert cellular gene therapy. Gene therapy as used herein refers to the
tran<¥EFIGRMENIE Msleaspecy SDRprsr RN Ay uintitsrdberinis arpvisteda
YR8k e Rrevant A denetic Rt angited disanse r fondUIRDPLRISNOLAS
mThe gen%lit%c ma%ria%)a %terest 15 ee%(?;'ﬁ%%?bgluc@ éﬁ&fpésgro%?g?ﬁ%y
hapdlype phicletepe ptidepfan ttionaliR NA thanfidenselveingse Raoeksclicolitivivo
is, desired. Far example, thefgen;%ig material of interest can encode_a

A P RE S BptoP AT AT FEPERITE FISUBHAS BriMeaiRRiet/Alud:
kifeRE revipMtsee, daeasal.dhe texhc@aBEding PI 3-kinase, the modulator

selected capable of downregulating a PI 3-kinase activity or an expression of a
gene encoding PI 3-kinase. In one embodiment, the method is effected by
handling the stem cell in at least one of the following steps: harvest, isolation
and/or storage, 1n a presence of an effective amount of a PI 3-kinase inhibitor,
such as wortmannin or LY294002, a modulator of PI 3-kinase activity or
expression of a gene encoding PI 3-kinase, the modulator selected capable of

downregulating a PI 3-kinase activity or an expression of a gene encoding PI 3-

kinase, or an anti-PI 3-kinase antibody.

According to still a further aspect of the present invention there is

provided a cells collection/culturing bag. The cells collection/culturing bag of

the present invention is supplemented with an effective amount of a modulator

of PI 3-kinase activity or expression of a gene encoding PI 3-kinase, the

modulator selected capable of downregulating a PI 3-kinase activity or an

expression of a gene encoding PI 3-kinase. In one embodiment, the modulator



10

15

20

25

30

Therapy" (Advanced in Pharmacology 40, Academic Press, 1997). 20 Two
basic approaches to gene therapy have evolved: (i) ex-vivo or cellular
gene therapy; and (ii) in vivo gene therapy. In ex-vivo gene therapy cells

woraiememed from a patient, and while being cultured are treated bpovite@:1s
Generally, a functional replacement gene is introduced into the cells via
an appropriate gene delivery vehigle/method (transfection, transduction,

is 2P herhdtage ushiecnmingiian vetepnansiareXPYeSsioms st agneeded
. and then the modified cells are expanded in culture and returned to the
kingseppihedy: These genetically re-implanted cells have been shown to

SXPeESE AR aglP b oen I wle! Iyt ence. gL AGPoLding
to an aspect of the present invention, there is 30 provided a method 0
seppartsoiucing/ expeadedg indifere dlistedsisitice mdith aredM@y buffer is
2004/078917.PCT/IL2004/000215  86.exogene. The methqd, according to
SUGHITHERER, 7 BT T 12 RSB, Ly JotaHiAes 4

or pEprdation of stemecalisoer anBRiuse hhn SxpRAYIRY @ReT BRAIRGf
differentiation of the stem cells by: (i) providing the stem cells with

dopsResbHES R &8P koRtERARSIY UM QY (AN Srevishing el siepne ensastingrPas-

kisplfective Ganesniradon,af a,modiiaian ot Pl Hkinase activits S1ds,ch a
modulator selected capable of downregulating a PI 3-kinase activity or an

WOERpEESSIoPr df ¥2$éNe B neadinga R Blinasenthleodipy expanding and
inhibjting differentiati f the Stein cells; and (c) tTansdt.".Cl.":g the
i e B e . St e i i gene

theagpyeciated that steps to (i) and (ii) can be effected in vitro or ex vivo, and
that the order of steps (b) and (c) can be reversed. In another particular

embiIBihERPBIRIaaUpRL IS tHE Tofese it iHve N Icsep gnaiiefaatedaby
g e e e d e
ac@ied stemsels. toatrefemredhemibpoim eRbegeeretitaliyaaodifyif gutiesst
enSEARIS PSR DY eE ar O RPBISES "he SIROHE S TR SRR,
antisense) whose production in vive is desired. For example, the genetic
material of interest can encode a hormone, receptor, enzyme, polypeptide or
peptide of therapeutic value. For review see, in general, the text "Gene
‘Therapy" (Advanced in Pharmacology 40, Academic Press, 1997).

Two basic approaches to gene therapy have evolved: (i) ex-vivo or
cellular gene therapy; and (ii) in vivo gene therapy. In ex-vivo gene therapy
cells are removed from a patient, and while being cultured are treated in-vitro.
Generally, a functional replacement gene is introduced into the cells via an
appropriate  gene delivery vehicle/method (transfection, transduction,
homologous recombination, etc.) and an expression system as needed and then
the modified cells are expanded in culture and returned to the host/patient.
These genetically re-implanted cells have been shown to express the transfected
genetic material in sifu.

Hence, further according to an aspect of the present invention, there is

provided a method of transducing expanded, undifferentiated stem cells with an
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example, a viral vector or a nucleic acid vector. Many viral vectors suitable
for use in cellular gene therapy are known, examples are provided
hereinbelow. 20 Similarly, a range of nucleic acid vectors can be used to
waeneiieallyiransform the expanded cells of the invention, agdgfustaehoo215
described below. Accordingly, the expanded cells of the present invention
can be modified to express a ger#€ product. As used herein, the phrase
exogere PTbdusittireferacanrdiateiastiieptigest aol tunettesaltRbention, is
molecules, Generally, the gene 25 product encqoded by the nucleic acid

offoqtol Bie [@hRPHERIAS 3 SRPBRIIOb Bems GaHRe 9% Lappdeged; ()
expgﬁamgI%@f&&sﬁiﬂgr@fﬁf@%dﬂ%wﬁem%ira%ﬂ@sg??iggég;%b& qigins

and lipoproteins normally produced by an organ of the recipient subject.

-steRaelizanibl epgditepr dducedl whitifiemsphensuplipd biglingythofsyemecells

leplacement to defective.organs in th ncreasjnelude insulin, 30 .
e Ot i DAL T BB Aot G e, said

modalboxypeptidaseaphiile2 0040+ guRE¢ 1L 2PDHAGOED a8 vity or an
ribonuclease, deoxyribgonuclease, triaclyglycerol lipase, phospholipase A2,

X IESSIRL i HERBE e S IBRS RFTSNY GTaICERB AP thring

ditferduden bloogeclatling fagtors.gych ag blead gloliing SactopY!lland-Fagtor
IX, UDP glucuronyl transferae, omithine transcarbanoﬁase, and" ’

undifforsmigates s480 cdinzyite shasdegtonosiherdbbmimasesiaeththat sieps
-~ RI sing.of serum adenasine or the endpgytosis of low densit
O B e e AT e St A B i

(c)fasidre thyensedmmoral factor, thymopoietin, and uiymosin al; gene
products produced F?}y the digestive tract Cells include gastrin, secretin,
e

chol@cBIghRFEsHAT SRR et iRl RRE S B HIC PSS TA fEYRRiORYY
steywsm@ceqfe@@sn%m&ﬁﬁ%gwe W nducssdhe.pXRreRSINAtiRS
. desired gene product by the cell (e.g., the introduced genetic ‘material
sigameag e i fraysdhptbAtiactor Jnkhielidndurreb thexpandiogptiod ofbikitigene
dif%@%%ib%%? %Lépﬁg%dctechtshe subject). In still another embodiment, the
recombinant gene can provide a 15 heterologous protein, e.g., not native
to the egtdfemtichnibisiexpresgeattkailinstalitanyatiousiinaffddidCoy
com onetﬂt%can be provided to non-human cells ) X
a vector, which comprises the exogene or transgene, which vector is, for
example, a viral vector or a nucleic acid vector. Many viral vectors suitable for
use in cellular gene therapy are known, examples are provided hereinbelow.
Similarly, a range of nucleic acid vectors can be used to genetically transform
the expanded cells of the invention, as is further described below.

Accordingly, the expanded cells of the present invention can be
modified to express a gene product. As used herein, the phrase "gene product”
refers to proteins, peptides and functional RNA molecules. Generally, the gene
product encoded by the nucleic acid molecule is the desired gene product to be
supplied to a subject. Examples of such gene products inciude proteins,
peptides, glycoproteins and lipoproteins normally produced by an organ of the
recipient subject. For example, gene products which may be supplied by way
of gene replacement to defective organs in the pancreas include insulin,

amylase, protease, lipase, trypsinogen, chymotrypsinogen, carboxypeptidase,
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to support engraftment in a human recipient. Alternatively, the transgene
is one, which inhibits the expression or action of a donor MHC gene
product normally expressed in the micro-organ explant. 20 A nucleic acid
wipelaguigeptroduced into a cell is in a form suitable for expregsiandfsii@z1
cell of the gene product encoded by the nucleic acid. Accordingly, the
nucleic acid molecule includes coding and regulatory sequences required
ribfer i RASE!IRIYX A BoaapR A&, D@ﬁ@@[ﬁzﬁ]’%@@) aichswhemohg gengproduct
is a protein or peptide, translation of the gene acid molecule 25’include
clagiainoted 2enrasccEsmprpeRaacymaal smsaecddydicali waqnehuts
bIRACERRARG 'L PR QL AR PRI PARPYAR Rl BXaRPIE A
terminal Signal sequences for transportdf proteins or pep ides to the
gheurfaed ofrdhefemlt orsadietion tiintdedtite Hageieneds whiethregidaiel 50

oG aby A0 SO IRLEHBEE o PO OB 0 J00RAS D21
thePEnbidleRAK 007D @&wﬁmﬁb}%&%ﬂ%pg&w 13d480€ BrUESSEbANHe

the desired level of expression of the gene product. For example, a

thypypigediln samb thyrts fesipty ghgpisciitnesalrdacion Bivangpaistinkendo

«the promote elg ysed. A promoter specific. for.myablast gene. . .
myelﬁ%sreenss‘folﬁ Léagr-%g ﬁ%ﬁté‘ﬂbtoy égélélglé%ofu rﬁté?rlgsf"féc'égﬁferf‘fﬁu%”éfé-é%‘é*&ﬁ‘é
gasixpressian nf chalegestelprocluciniisselas perifieiieoidtanysalements,

whi? are known in the art, jnclude upstream regions from the dystrophin

gené (IR LY alth 1 §869 901 SERA BIAWCH IS 69 Mhe ERIGkNE RS cthe
expRAS 4B Wikincanditdausahks. ) th/ Q@hLeGelliRigh 9 2840 e
%%?)onin gene (Mar an%.%Qr aﬁ%%%)%%ﬁhhi%ﬁ&%ﬁhé& USAgéSHSE,?éile
magenad) engodesy ol dtor§catptiventecipe cifisithr inthmes dhayisessaripoowh the
geH% P&E&%tgca g%es%?féﬁi@oe[ﬁgasg eer& r liver-specific expression; insulin
regjulatory eleme or pancreatic islet cell-specific expression; various
neulal etllispaoctfieregulsidiyenlemeatscinehidingnearal dysirgpbinde a

eural enolase and A4 amyloid promoters). 15 Alternatively, a regulator
he%@ &RPW%W&&&F&?%B%{&R@@ cell in which it 1s e%/cpressgd. Fcny

mmstance, various human MHC components can be provided to non-human cells

q

to support engraftment in a human recipient. Alternatively, the transgene is
one, which inhibits the expression or action of a donor MHC gene prodﬁct
normally expressed in the micro-organ explant.

A nuclerc acid molecule introduced into a cell is in a form suitable for
expression in the cell of the gene product encoded by the nucleic acid.
Accordingly, the nucleic acid molecule includes coding and regulatory
sequences required for transcription of a gene (or portion thereof) and, when
the gene product is a protein or peptide, translation of the gene acid molecule
include promoters, enhancers and polyadenylation signals, as well as sequences
necessary for transport of an encoded protein or peptide, for example N-
terminal signal sequences for transport of proteins or peptides to the surface of
the cell or secretion.

Nucleotide sequences which regulate expression of a gene product (e.g.,

promoter and enhancer sequences) are selected based upon the type of cell in



10

15

25

expression of a gene in a variety of different cell types, such as a viral

regulatory element, can be used. Examples of viral promoters commonly

used to drive gene expression include those derived from polyoma virus,
wadenavigus 2, cytomegalovirus and Simian Virus 40, and reireuissd4bR84s

20 Alternatively, a regulatory element, which provides inducible

expression of a gene linked theretgg can be used. The use of an inducible

R e|eB®R: (. 6. %R}ﬁ‘é@é@lﬁﬂ@fﬂ@@é@ﬂ@%é%ﬁ%&‘é@ﬁ% gk

the production of the gene product in the cell. Examples of potentially

the, gsn9 Madeie FUGRTAIBR)Cs A RIRTBIET S0 ieitkeppdeic Qﬁé]iﬁyl_[vﬁ:lsmeiﬁc

t . apd Wht
o P UM SRR MR i
foﬁgamdbiegum etpmssisn(see, begliBpdnten Rdde eif dhidQeBSoiante
: 1019-1024) and. ioni ulated elements (e.g., see

radiation-re
e A e e T A

eldAR97) R:vﬁfcﬂ\lafb AgrslyiSGh URARY: #1053 eﬁdeEgﬂﬂ{s“?ﬁHﬁ W
20041078917 PCT/1L20041000215 89 specific or inducible regulatory

dys{reieifs SpptchidrywiestiaVel 6pR3 cMrhldoele Bidded iReortianceatiith

Lithe:invention,dhere.arem number pbec knqwn ip.the-aut for, .

mtro%%ellng genetic material IntG a ceﬁft’fﬁ%ﬁ’s e app Tied (017 b’d‘*&“ il

trogfomia gerentidar Sath @r@h]n(iﬁﬂﬁ)e’?vtadrﬁmm{emzhcﬂd ILifthesosa)ef.a
e. In. this sjtuation, the nucleic acid molecule

Renalfe[d nuglelcea id molf
diory Slemet SpEctc &% ST RS B BP & B & (e T
al‘tﬁﬁﬁﬁd&i@lﬁhesg%ﬁ Predustam é&g@%sﬁsmmﬁg%%ﬁﬂ@t&%m%%s for

Alternatively, the nucleic acid encoding the gene product (including the 10

PaRgrestic i searllatar e mepreysioroHtainet nektih csﬁﬁl-asmndivecgbﬂatory
cldefampIes Al R ”H&Eép@ﬁt%}k){ﬁ?t%%ﬁ?ﬁ“ %? DM8 4836%3306?

Nature 329: 840) and pMT2P ufman, et al
Prai@ies’s). In another embodiment, the nucleic acid molecule to be

introduced jnto,a cell is tained. within a vjral vector. Inthls situation,
er%% C%C ’1§eﬁc%%;f g the“genE ro&’é‘&‘fkfs 7Tk (eSS WAV

expeneime (dr pagsakviiala variety of different cell types, such as a viral
regulatory element, can be used. Examples of viral promoters commonly used
to drive gene expression include those derived frcﬁn polyoma virus, Adenovirus
2, cytomegalovirus and Simian Virus 40, and retroviral LTRs.

Alternatively, a regulatory element, which provides inducible expression
of a gene linked thereto, can be used. The use of an inducible regulatory
element (e.g., an inducible promoter) allows for modulation of the production
of the gene product in the cell. Examples of potentially useful inducible
regulatory systems for use in eukaryotic cells include hormone-regulated
elements (e.g., sec Mader, S. and White, J.H. (1993) Proc. Natl. dcad. Sei, USA
90: 5603-5607), synthetic ligand-regulated elements (see, e.g., Spencer, D.M. et
al. 1993) Science 262: 1019-1024) and ionizing radiation-regulated elements
(e.g., see Manome, Y. Et al. (1993) Biochemistry 32: 10607-10613; Datta, R. et
al. (1992} Proc. Natl. Acad. Sci. US4 89: 1014-10153). Additional tissue-
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genome). The regulatory elements directing the expression of the gene
product can be included with the nucleic acid inserted into the viral
genome (i.e., linked to the gene inserted into the viral genome) or can be

whrevigegdy the viral genome itself. 20 Naked nucleic acidspeamibos/o00215
introduced into cells using calcium- phosphate mediated transfection,
DEAE-dextran mediated transfectidn, electroporation, liposome-mediated
spetrefistactiaiciiieatinjbation sestdmeceptivh mevlintedeuptaked Nakedso be
ucleic acid, e.g.,ﬂ,{%1 A, .can be introduced into cells by forming a 25
usegr&ﬁﬁ?é’@%ﬁé’f i E"ﬂf@‘fﬁfgf&% acid and calcium phosphate. For

exampl, g ERESDLTRIetealt MO AR bRAECI B A sallfion

containing calcium chloride and nucleic acid to form a precipitate an
gensiecipatatas infren ¢abdbateanlithapplisdiamodity arcdihnditiyd sutfotide.
shogk step ¢ t%ga added to increase.the amqunt.of nucleic acid taken.up
oy o B B I L A N S o

acitransienily) iratigtedticglimatict ia08Q204/0v3931 FCTMLZAIO002AS]
90 onl ﬁgglicable to in vitro. modification of cells, Protocols for
to be.pesh! FigrsHttanaredibh RuRlEE AsifhaReciRdhe ot darsinst and

theMetastar RBilpgvr-Atisubels F.M. et al. (eds.) Greene Publishing
Associates,‘f’1989), Section 9.1 and in Molecular Cloning: A Laboratory
MarftiereHevElitide, Sehisesidetnto o theSpringorishber (Letodagribe

egtions 16.32-16.40 or other standard, laborat
e R A o R S I B s
of pladnriel ofxtiresnicnleieaecid andidE AHaeti@raldBNCUBSTNG/hgmixhgre
ith th is..A. dimethylsulfoxjde or chloroquine shock step can be
S TP CE AP e S AU d s SOEAE dextran
trangfestiands Qb aRrisable indrMuaMadiication ekasiivand 6ambs

used to introduce DNA transiently into cells but is not preferred for
celbrisatpytaiagl wihsteatedrebliscivius, highisetivdtican Be useddior acid

o AL DM BB el A R
genome). The regulatory elements directing the expression of the gene product
can be included with the nucleic acid inserted into the viral genome (i.e., linked
to the gene inserted into the viral genome) or can be provided by the viral
genome itself, |

Naked nucleic acids can be introduced into cells using calcium-
phosphate mediated transfection, DEAE-dextran mediated transfection,
electroporation, liposome-mediated transfection, direct injection, and receptor-
mediated uptake.

Naked nucleic acid, e.g., DNA, can be introduced into cells by forming a
precipitate containing the nucleic acid and calcium phosphate. For example, a
HEPES-buffered saline solution can be mixed with a solution containing
calcium chloride and nucleic acid to form a precipitate and the precipitate is
then incubated with cells, A glycerol or dimethyl sulfoxide shock step can be

added to increase the amount of mucleic acid taken up by certain cells. CaPO4-

mediated transfection can be used to stably (or transiently) transfect cells and is
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15 dextran-mediated transfection can be found in Current Protocols in
Molecular Biology, Ausubel, F.M. et al. (eds.) Greene Publishing
Associates (1989), Section 9.2 and in Molecular Cloning: A Laboratory

wiflasdabsdnd Edition, Sambrook et al. Cold Spring Harbor Ligboradesyiooez1s
Press, (1989), Sections 16.41- 16.46 or other standard laboratory

manuals. 20 Naked nucleic acid cam also be introduced into cells by

onlij}“és\gﬁﬁﬁﬂléh% selsand SRERNGIRIG Al IogRthsE s 30, APRP iﬁ%@d?&f@l?r'

and subjecting the cells to a high-voltage electric pulse. The efficiency

ranpgfpolidichanuetelowsidisCrmendubedoents delikibieetdatBpd raiprhissubel,

influence he strength.of the applied field, ngth of the, electrjc.
E o e AN ST U a8t PR
Malsellbe Tloigiegmpdsitoratirthslmedin. 2 kdeBittistafembanbeugeCad

stably (or transiently) transfect a wide variety of cell types and is only
SPHPBIRATIETS-AOWHG BB ASHtor O AL Biol Sctis for b Ao kg

labReHRFAmRESAYNd in Current Protocols in Molecular Biology, Ausubel
F.M. et al. (eds.) Greene Publishing Associates, (1989), Section 9.3 30
and Ivekedl evet Clorimgn/dt avedimsinmtaucallohy Edinorg smmivoolobt
al. WO 2004/078917,RCT/1L.2004/000215..91 Cold Spring Harhor .,

i R s AR P R R g

dirlahyaioiforids ualsciiorihenhs stiad byephich nekedided|gic acikcanthe
introduced into cells includes lipgsome-mediated transfection

AT B SRR HU RIS Gk S 5 dRR M R SR ssb i e paiistie to
in SORAIRERAIRNGHRIR Je-RNAYliReacR & aemRe DR ihea oeuhgtedo
with cells. Liposome mediated transfection can be used to stably (or
celiabuiapmptirapsised densinmesably Viensfetotodls. ddnbdisumgthnd
r ocols. in. Molecular Biolagy, Ausubel F.M. et al. (eds.) Gree

e B A e R T e
chidborétorjomantiats pholdliicoallyfgeng=delipesdiotvivediaslbetn DEAE-
de%%ﬁc;]%hed using liposomes, See for example Nicolau et al. (198

AR IR AN PAR S A TG HTE%) BroOcRiEH et
Big%ffﬁﬂ&f&i?a«‘qué@ ham&tkal. (1989 Ansidivied. ach3A82 (Bysud
Section 9.2 and in Molecular Cloning: A Laboratory Manual, 2nd Edition,
Sambrook et al. Cold Spring Harbor Laboratory Press, (1989), Sections 16.41-
16.46 br other standard laboratory manuals.

Naked nucleic acid can also be introduced into cells by incubating the
cells and the nucleic acid together in an appropriate buffer and subjecting the
cells to a high-voltage electric pulse. The efficiency with which nucleic acid is
mtroduced into cells by electroporation is influenced by the strength of the
applied field, the length of the electric pulse, the temperature, the conformation
and concentration of the DNA and the ionic composition of the media.
Electroporation can be used to stably (or transienily) fransfect a wide variety of
cell types and is only applicable to in vitro modification of cells. Protocols for
electroporating cells can be found in Current Protocols in Molecular Biology,

Ausubel F.M. et al. (eds.) Greene Publishing Associates, (1989), Section 9.3

and in Molecular Cloning: A Laboratory Manual, 2nd Edition, Sambrook et al.
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Fogerite et al. (1989) Gene 84:429-438. 15 Naked nucleic acid can also
be introduced into cells by directly injecting the nucleic acid into the cells.
For an in vitro culture of cells, DNA can be introduced by microinjection.

woinra/easly cell is microinjected individually, this approach jgyarydaanis
intensive when modifying large numbers of cells. However, a situation
wherein microinjection is a method of choice is in the 20 production of

ColduSigeniclaniboals. (Hiseusse divsgr daimodesibhelaw) 6 1p4his, Sityatigher
the DNA is stably introduced into a fertilized oocyte, which is then allowed

stapyiagd LB oy HesyaRaRIARI. The resultant animal contains cells carrying the
DNAWRLredHGRA NS te QarHen s ChiRRINR RS 3IS%: b%%’%#@ﬁ%}t?mo

introduce naked DNA into cells in vivo (see e.g., Acsadi et
cellaturh 26 330818818 livetf mimifc@ia0] Beifortim@y Thed Ghiclé68)cil is
.deljvery. apparatus (e.g., a "gene gun") for injecting DNA into_cells in vivo
i ot OB S MRS L Lo LRI SGEREBIE (cigromt be

DB RpsBoiNakeshieleiesagidcambid sRMPIXedkla CREMCEChaSiiated
. polylysine, which is coupled to a ligand for a cell-surface receptor to be
tropte

FHOP K3 Rprasebisy-Hrbtaten Baneptbeidassior wilsniplsulitrean
iR A MGl £1988) JrWQ %90?&%%9,,1?‘%%@6’1-2%941499%&6? 9258k,
Chem 263: 14621: Wilson et al. (1992) J. Biot. Client. 267: 963-96 7 ahtr
AugubePEiht Mal 5266 )360eBinBingidiitie AssdeictasidIREMNd Sectipte® 16

receptor facilitates uptake of.the A by.receptor-mediated .
oo TS, AR cEhp R R o
beticluethsitinsiestin slipeapies a8ddheasRiagiic AEIRIn KCERtor4y)

DNA:ligand complex linked to adenovirus capsids which naturally disrupt
MedhobomdS: drdig s g hhHERaIGHS thEestopiatiniea biudddio

jql_ adati the go by ,intragellil ( i
e ol o (Log) e e A e sty S
Fogersttaptialet 89 33008 @84 Mat3 Acad. Sci. USA 90: 2122 io 2126).

e e L e LT
theandeiseleidivety thrgetsd (@ arpartisulaneebiipe: by usgiof Bigardn be
int%gtclged by microinjection. Since each cell is microinjected individually, this
approach is very labor intensive when modifying large numbers of cells.
However, a situation wherein microinjection is a method of choice is in the
production of transgenic animals (discussed in greater detail below). In this
situation, the DNA is stably introduced into a fertilized oocyte, which is then
allowed to develop into an animal. The resultant animal contains cells carrying
the DNA introduced into the oocyte. Direct injection has also been used to
introduce naked DNA into cells in vivo (see e.g., Acsadi et al. (1991) Nature
332:815-818; Wolffet al. (1990) Science 247:1465-1468). A delivery apparatus
(e.g., a “gene gun”) for injecting DNA into cells in vivo can be used. Such an
apparatus is commercially available (e.g., from BioRad).

Naked nucleic acid can be complexed to a cation, such as polylysine,
which is coupled to a ligand for a cell-surface receptor to be taken up by

receptor-mediated endocytosis (see for example Wu, G. and Wu, C.H. (1988) J.
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binds to a receptor selectively expressed on a target cell of interest.
Generally, when naked DNA is introduced into cells in culture (e.g., by zs
one of the transfection techniques described above) only a small fraction

wef 26Rlkséaout | out of 105) typically integrate the transfectegd&NAigiRon21s
their genomes (i.e., the DNA is maintained in the cell episomally). Thus,

in order to identify cells, which have taken up exogenous DNA, it is

BiaidGwmageeds o6 Marfissneeldic au pricadindchsplestablesnawer pto
. éhhgjcell along with the 20 nucleic acid(s) of interest. Preferred selectable

SR oo eRet ) nRigding Aleihe sielsie e tiddhgead somple i the
it r tahl rs.m e.introduced .on
reci%ﬁ%ﬁye&gtggrgid S the%%r‘%?s?%?%n?&igtg ger mési/n%)e:d%%??gd Slégd ra
Reseprarattopidsoiich Rigrefezred approleshhtor intgetkdcingladeltie aeig ferrin
encodin ene .25 product into a cell is.b e of a viral vector
Fo B g AR RS ! BRI B e e o BRI inked to
adéntegtian ohpsls withishviraivedslor basdpe advaoiase thatayardtieasin
proportion of cells receive the nucleic acid which can obviate the need for

materalipip shesndaniaem ravdssssr & dneif daeredution Aiddiricamnlex by
inRoleciiles ereafied yiibinthe virahvecior.e.0.,2 Glabl) 30 contained in,

the viral vector, are expressed efficiently in cefls which’have taken WO
ScRAOOYB RS B CTHLR00 4080219 DX upavitéi Negtamh SeleibBeittagd dral

tor,systems can he u either.in vitro. or in vjvo. Defective .
21?’{e r'ov%ﬁc}ése 2 %rr'én\‘/avelﬁ{% af)ggf%rﬁ%%al?%rcﬁge% et Watrdfervse ke into
celiivesiapyr poirgoses: (fon1eyiend Se@ivides 4. Bad 199QnBlaad 8204 TINA

recombinant retrovirus can be constructed having a nucleic acid encoding

cath Berie prBtitict Brisrbde iAsertbatlb 4R e itaksRedrhdisadituhiaty,
N emon L octos o o e o e O Pevini i ton

packagperaits. virlomsneksid iDoeh belugeduccihfeto a¢kisget adiithrgagh the
on¥S5 8 H?Jps%ction techniques described above)} only a small fraction of
cells (about 1 out of 105) typically integrate the transfected DNA into their
genomes (i.e., the DNA is maintained in the cell episomally). Thus, in order to
identify cells, which have taken up exogenous DNA, it is advantageous to
transfect nucleic acid encoding a selectable marker into the cell along with the
nucleic acid(s) of interest. Preferred selectable markers include those, which
confer resistance to drugs such as G418, hygromycin and methotrexate.
Selectable markers may be introduced on the same plasmid as the gene(s) of
interest or may be introduced on a separate plasmid.

A preferred approach for introducing nucleic acid encoding a gene
product into a cell is by use of a viral vector containing nucleic acid, e.g., a
¢cDNA, encoding the gene product, Infection of cells with a viral vector has the
advantage that a large proportion of cells receive the nucleic acid which can
obviate the need for selection of cells which have received the nucleic acid.

Additionally, molecules encoded within the viral vector, e.g., a cDNA

contained in the viral vector, are expressed efficiently in cells which have taken
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io virus by standard techniques. Protocols for producing recombinant
retroviruses and for infecting cells in vitro or in vivo with such viruses can
be found in Current Protocols in Molecular Biology, Ausubel, F.M. et al.
wietsddedeene Publishing Associates, (1989), Sections 9.189r & anghoo215s
other standard laboratory manuals. Examples of suitable retroviruses
include pLJ, pZIP, pWE and pEM, 46 which are well known to those
upskittd dée tfrenaxt] dixaoipleadobsultabienackaain gavinis HERB dREIIISE viro
WCrip, wCrip, w2 and wAzn. Retroviruses have been used to introduce a
OLZAMB1S of genes into many different cell types, including epithelial cells

endgthelialeelis:ympR egﬁ%%aweﬂéééﬁeﬁ%sﬁ%ﬁé{ég%&bg?%%@@%% for

cells, in vitro and/or in vivo (see for example Eglitis,
gesridigEey 30U e9s- (Busravmmo san dviiietigAd Y 1 OBB) (P Binddath: Atad. A

Ci.USA 85: 6460-6464;.Wilson et al. (1988) Proc. Natl. Acad. Sci USA
L N I e s R RN S
gehd 4dro6ld5 pH iler @t ainddA8d ) iRrechbladdoad] Sendd®A 8Ridditionally, -

8039-8043; Feri et al. (1991) Proc. Natl. Acad. Sci. USA 88:8377-8381;
PRI et Sirq 108k Es5o5e raR DSarernpved sivs Toaden dbie ceomvits

reflichk3820 7506, Nafh Arad; 60D 8A88.4640:0644. Kay &t al, (1992).
,}IJ.—|uman Gene Therapy 3:%41-647; Dai et zglr. 139‘%2'3 Proé\{i%%ﬁ&c@a’f gf’
Villfga, §9HGBo108I6 e infed! (18983tIcelinthemaih 1th0: 440424 HeipdS

. n 8.:16: US Patent 4.980,286; PCT Application WO
i SR el PR on B R espmithnel phevirases
anB8R5 345 vimgl BXIIE Application WO R2ORR7R)cRetiavHalWhe found in

2004/Q078917 PCT/11.2004/000215 94 vectors require target cell division

CURSHHEFPRIs Al dlaryarchialegye Asmbpiniiediceackl ifeisteGTaesst)
PRI PO 10R 0P SaRBANS 0. iROMINIAR SR AMER G A I

the cell. Thus, it may be necessary to stimulate replication of the target
mapinls Framgelrsrmé stimbkdetovinscantiedaligusidn, bk thad pEM,

epgoges .and S ene produict of interest but is inactivated in
terms of its ab%%? thoﬁ r%@%&%n%@%‘?m‘éﬁ Iéﬁ% it Frefiles §$aesf‘81t8’ble

paekeghpesBeskineetad kESQTBip; TaChZivDenS: 610nm. Resekldal Rlvt
he%z\l( 7ulsydr {\ocirlz%:fo Qc:é gs;gﬁéZy of genes into many different cell types,
including epithelial cells endothelial cells, Iyr;nphocytesﬁ myoblasts,
hepatocytes, bone marrow cells, in vitro and/or in vivo (see for example Eglitis,
et al. (1985) Science 230: 1395-1398; Danosand Mulligan {1988) Proc. Nail.
Acad. Sci. USA 85: 6460-6464; Wilson et al. (1988) Proc. Natl. Acad. Sci USA
85:3014-3018; Armentano et al., (1990) Proc. Natl. Acad. Sci. USA 87: 6141-
6145; Huber et al. (1991) Proc. Natl. Acad. Sci. USA 88: 8039-8043; Feri et al.
(1991) Proc. Natl. Acad. Sci. USA 88:8377-8381; Chowdhury et al. (1991)
Science 254: 1802-1805; van Beusechem et al. (1992) Proc. Natl. Acad. Sci
USA 89:7640-7644; Kay et al. (1992) Human Gene Therapy 3:641-647; Dai et
al. (1992) Proc. Natl. Acad. Sci. USA 89:10892-10895; Hwu et al. (1993) 7.
Immunol. 150:4104-4115; US Patent No. 4,868,116; US Patent No. 4,980,286:
PCT Application WO 89/07136; PCT Application WO 89/02468; PCT
Application WO 89/05345; and PCT Application WO 92/07573). Retroviral
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(aunt/ cclcll c/c.1- , WIG Rosenfeld et al. (1992) Cell 68:143-155.
Suitable adenoviral vectors derived 1o from the adenovirus strain Ad type
5 d1324 or other strains of adenovirus (e.g., Ad2, Ad3, Adz etc.) are well
wisneuwm tgethose skilled in the art. Recombinant adenoviruseg&/@.2004/000215
advantageous in that they do not require dividing cells to be effective
gene delivery vehicles and can be #sed to infect a wide variety of cell

vebpes rinpltding-adtnestiegiRslbMiARORRATel ahal rEhAVRnCied, SHY kD
endothelial cells (Lemarchand et al. (1992) Proc. Natl. Acad. Sci. USA 89:
forsign Badeic Heishinbsrid (M@ Akie Geiataarpoed)reothaNaest Ageadnseto

: 90 2- a uscle.cell in et al. (1992) Proc. Natl
s T e ST e A S
stifanthforejdivaDdttof dintaimgetttheltein) is not integrated into the genome of

a host cell but 20 r masi‘gﬁ?%gsomal, thereby avojding potential problems

that 0 SERQMIESCL FBLNEBRVIRS CORAIG THHEREL iCh b Reres
aniflenghiaces RN-BOROMES JPRBERIAChRIS 1A HREHEERORE S el

DNA). Moreover, the carrying capacity of the adenoviral genome for

tforsrRlfr O NA dsnargal iptie sralobisesyioeben o oramiemedalvery al.
(1yastoss (Beskner af alc cited supta; Hai-Ahmagd 25 and Graham (1986) J.

Q0§ L0 oIy

Virdl 57- 26 7). Most replidation-detective adenoviral vectors carrently -
Romsmizid deleted A52211@rlp &Rl 68 thdsvidliEind Edgengsvbitoretdiriasd
material. Adeno-associated virus

much as,80%.0f the adenoviral geneti
B RIS A Betebiod O SLP A g P8 ORGP
AS8Chas, algadeing viiesyoE1n RsResYissaSREIPRY (RO MiruR fRbeffinient
replication and a productive life cycle. (For a review see WO 2004/078917

AdPROT AT 0D ATO0Y BB tAZs Me )i iean dourpt Tepidss diNiibng eells to be
of{ BN g&@%@ﬂ%&?%%kﬂ%_ t&inat%é%g&%% )i(}[g;%c‘le%‘g%ﬁj f?sg}g a;%rggégyf

integrate its DNA into non-dividing cells, an Its a
tystableniritarationtsee fpitbxmpleKistiafeldlet(H097) 209) kiRdspirpg)l.

b RS I s e o35 38 g
b4Rleca8 300 hasecprik S BeArMcanda Packayetand BB dcad Sci USA
90: 2812-2816) and muscle cells (Quantin et al. (1992) Proc. Natl. Acad. Sci,
USA 8% 2581-2584). Addi'tionaﬂyg introduced adenoviral DNA (and foreign
DNA contained therein) is not integrated into the genome of a host cell but
remains episomal, thereby avoiding potential problems that can occur as a
result of insertional mutagenesis in situations where imntroduced DNA becomes
integrated into the host genome (e.g., retroviral DNA). Moreover, the carrying
capacity of the adenoviral genome for foreign DNA is large (up to 8 kilobases)
relative to other gene delivery vectors (Berkner et al. cited supra; Haj-Ahmand
and Graham (1986) J. Virol 57: 267). Most replication-defective adenoviral
vectors currently in use are deleted for all or parts of the viral E1 and E3 genes
but retain as much as 80% of the adenoviral genetic material.

Adeno-associated virus (AAV) is a naturally occurring defective virus
that requires another virus, such as an adenovirus or a herpes virus, as a helper

virus for efficient replication and a productive life cycle. (For a review see
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integrate. Space for exogenous DNA is limited to about 4.5 kb. An AAV
vector such as that described in Tratschin at al. (19Q'Z 1 oL Cell. Bid. 5:
3251-3260 can be used to introduce DNA into cells. A variety of nucleic
wackdehaygbeen io introduced into different cell types usingRRANL Y&54968215
(see for example Hermonat et al. (1984) Proc. Natl. Acad. Sci. USA 81.:
6466-6470; Tratschin at al. (1985pMol. Cell Biol. 4: 2072-2081;
Miltpouitsferelle Cat-( 1288y MplMERE0OgHAT 232089, Draisehin €1.ab 41 984)
J. Virol. 51: 611-619; and Flotte et al. (1993) J. Biol. Chem. 268:
alsprarefoby 16 HérutRe 4Rgt SRaYpAASTALE UxdPbbSinvactdiyision e,
fol ' i il n be asses
e e B S B
(190 diroed.imtesaicelCeén bl dBiedtct By2 Jifi6r Byhridixatioratechoigyer.

(.9 ottin RNA produc transcription of introduced
b AR RFLPARIE By o Okt LSt a2 kel 75
V qotsciianddnifey esIaieanss i Bse: pRYNerass vhain veastien (R TRGR)
._The gene product can be detected by an appropriate asSay, for example
miGeTmuRBISJRas HeeBh BN prodeied frotemt dutitasimith AV spmtific
suatiBody; aebyiedunctianal assay 19 deinchanctionalacivity ofthe

gene product, such s an@eﬁl;imatlc' gzsay.’ i ﬂ‘?é goé??%'ei‘f)zfj()}dd(:t“'é'rstihte"‘e‘rggt
carotiseunsdiiteiatb it BXdste ddils akathisenpofondilyiasrayable;ebeen

. _expression,sy can first be optimized using a reporter gene linked to
R e oo dl FRStob o baut, W FapCiter GEngParDie
Henoadeseagenoppaust, Whichis.gasily detgctablessBkhysTeas e, o

| u}féed t(i evaluate efficacy of the system. Standard reporter genes used In
alifd A

nfbe GelheBighcodingQ itosierdis Bodabraimgheidol o/,
ERRiyhyansteragesiugi n;g rmane, WO
L BT S Do e e B 1 L Flote
al.inR5t de Pisd | Sibemicivto 3 BbFMadion of cells results in modification of a
large-propestion of the cells and efficient expression of the gene product
oy e T . Ss o RAF R EESES R LSV 0P cAbpeBapid o
intvedtothgthercheidifietipopslatiosn ot gellsemayebe S8d Wikowh S isibaihes
at

isolation or. subcloning of individual cells within the population.
routinely used 1n the art. For example, DNA introduced into a cell can be

- - detected by a filter hybridization technique {(c.g., Southern blotting) and RNA

produced by transcription of introduced DNA can be detected, for example, by
Northern blotting, RNase protection or reverse transcriptase-polymerase chain
reaction (RT-PCR). The gene product can be detected by an appropriate assay,
for example by immunological detection of a produced protein, such as with a
specific antibody, or by a functional assay to detect a functional activity of the
gene product, such as an enzymatic assay. If the gene product of interest to be
interest to be expressed by a cell is not readily assayable, an expression gystem
can first be optimized using a reporter gene linked to the regulatory elements
and vector to be used. The reporter gene encodes a gene product, which is
easily detectable and, thus, can be used to evaluate efficacy of the system.
Standard reporter genes used in the art include genes encoding B-galactosidase,

chloramphenicol acetyl transferase, luciferase and human growth hormone.
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is, there may be sufficient production of the gene product by the
population of cells such that no further cell isolation is needed.
Alternatively, it may be desirable to grow a homogenous population of

wigdenigatyimnodified cells from a single modified cell to isolate-galisowiitisi1s
efficiently express the gene product. io Such a population of uniform cells
can be prepared by isolating a singde modified cell by limiting dilution

clonyyg doligwedmy.axpandindiHie,aing enaelkit sMHUIR NP S61008bn of

population of cells by standard techniques. As is discussed 1n detail

celle e ivdis e resdiiize e arshoReaE SterARSEOTCAh BecacklinrgbeliSient

utilized in-hematopaoieti lIs trans tation.qr implantation. Hence
e B G R N, e e W
a vingtbggrefshamaiapeojctie cetidifiadsppntation of delslaniaieniyd vdthout

reci.pjent. The method according_ to this aspect of the present inventign is

furght Rl a9 O HARIATINS 96 PRRIETAK Fefh BB thespoprlatityo blat
is, HRgenianied w@f@fexwﬁersaﬁmam@l @geh@dism@&ﬁ%sea{@yeﬁmﬁeﬁ 8e
hematopoietic stem cells by: (i) ex vivo providing said stem cells with
celdpuiioibaorecfiphstifedtiosolatianilspretiding Shitestanyealsivitgaame
.effective concentration of a madulator of Pl.3-kinase activity,.said. «. ...
e AR B S B e Oy SRetbe oo 2,
singkprasdifiedtell ge i inceding wiRtB diitasaiithexpbys eXpandirgpandlict.

inhibiting differentiation 25 of sajd stem cells; and (c) transplanting or
Suﬁ'%p?amalﬁwﬂe av&b@faﬂc%%%mn%eg@p ﬂSR@éB}aiﬁgseal%le

mdugferred embadimantnhihe Rigsan Busation. tha Reenidingdn

this aspect of the present invention can be effected by providing the

in eplipwe niftadansepenEnsiovihizeHo dy ster g dbidinf 80

R e T i i S R
caselected faomgbenghrpuptdordistinglehandpbibiior cflR Sdingiaatattalytic

. activity, an antisense polynucleotide capable of specifically. hybridizin
R R et R SR B SRAeS00. DRBSSRL RTABHo! thre

15 provided a method of hematopoietic cells transplantation or implantation into
a recipient. The method according to this aspect of the present invention is
effected by (2) obtaining a population of hematopoietic stem cells to be
transplanted; (b) ex-vive expanding and inhibiting differentiation of the
hematopoietic stem cells by: (i) ex vivo providing said stem cells with
conditions for cell proliferation, and (ii) providing said stem cells with an
effective concentration of a modulator of PI 3-kinase activity, said modulator
selected capable of downregulating a PI 3-kinase activity or an expression of a
gene encoding a PI 3-kinase; thereby expanding and inhibiting differentiation
of said stem cells; and {c) transplanting or implanting the hematopoietic stem
cells into a recipient,

According to a preferred embodiment of the present invention, the
method according to this aspect of the present invention can be effected by
providing the ex-vivo cultured stem cells with a modulator capable of

downregulating a PI 3-kinase activity or an expression of a gene encoding a PI
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specifically cleaves Pl 3-kinase transcripts, coding sequences and/or
promoter 5 elements, an SiRNA molecule capable of inducing degradation
of Pl 3-kinase transcripts, and a DNAzyme which specifically cleaves PI

wo-ksaséianscripts or DNA. In another particular embodimertafaisoeeo215
aspect of uhe present invention, the method is effected by (a) obtaining
hematopoietic stem cells to be totransplanted from a donor; (b) ex-vivo

3-kianpantiagnaddlinbibitlegteifRtentint erceihekematoppislimstemeeishy:
(1) ex vivo, providing said stem cells with conditions for cell proliferation,

3-kRSSFAABTIRIAGIYAR: SR ANtSFEskiPrhuieRtide eaprblatafismeofisally
hybmeeuialonel B filinaseactiip, saldaadvniol seleciedic éﬁgﬂfxich

downregulating a PI 3-kinase activity or an expressiori of a 15’ge

speerisudiy glaaves Kinadenate K@;}B@ip‘%db@@ddmkﬁhil&sgaﬂﬂferepﬂmmr of
said stem cells; and,(c) transplanting or.implanting the hemat ietic stem
<o R e B2 e oty b ey

trarproifdingdiia S ealie Wiichxsyia fsdibye eaneitions fommdusingcaipts

capacity of the stem cells in responding to signaling pathways involving
or I¥N&-kinase. 20 The donor and the recipient can be a single individual or

diffesest;individualsifoLexample aliegeneicindividyals, When allggeneic

transplantation is practiced, regimes for“reaodf:‘i’ng implant rejection and/or
the gragthed. hoseidpstedehas(@elbktiniig themstophimld eundertiaken. be

e B e A, R Raess

gimes are disclosed 25 in publicatfons

of fhenhieneli(@002)c2Retrcelhd bl HematotherppieniaekRe {2002 1w285),
ﬂgigr H. et al. (Blood (2002) 99: 4174), and Martelli MF et al, (Semin
condilipasol b 66Y) BB Rc R e (tin dRiparing Yiferieny reibseid an

effABRR g Layaiansihenasnasel 5@@9@&&&&%&%%@{& Bodfiator

provided a method of adoptive immunotherapy. The method according to
selepied vepadoNDIgwITRATND 002/ 0ck245: 98tashect of theppresentor a

e A i o) e i IO Al
of said stem cells; and (c) transplanting or implanting the hematopoietic stem
cells into a recipient. In yet another embodiment, step (b) is effected by
providing the stem cells with ex-vivo culture conditions for reducing a capacity
of the stem cells in responding to signaling pathways involving PI 3-kinase.

The donor and the recipient can be a single individual or different
individuals, for example, allogeneic individuals. When allogeneic
transplantation is practiced, regimes for reducing implant rejection and/or graft
vs. host disease, as well know in the art, should be undertaken. Such regimes
are currently practiced in human therapy. Most advanced regimes are disclosed
in publications by Slavin S. et al,, e.g., J Clin Immunol (2002) 22: 64, and J
Hematother Stem Cell Res (2002) 11: 265), Gur H. et al. (Blood {2002) 99:
4174), and Martelli MF et al, (Semin Hematol (2002) 39: 48), which are
incorporated herein by reference.

According to yet another aspect of the present invention there is

provided a method of adoptive immunotherapy. The method according to this
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differentiation of the hematopoietic stem cells by: (i) providing the stern

cells ex vivo with conditions for cell proliferation, and (ii) providing the

progenitor 5 hematopoietic cells with an effective concentration of a
woaauieion of Pl 3- kinase activity, said modulator selected qapahleneiiaoo21s

downregulating a Pl 3- kinase activity or an expression of a gene

encoding a Pl 3-kinase; thereby ef&panding and inhibiting differentiation of
asigaid stetheefisesnd (o)veaidsplantieffeceinplantitg thpiegeniebgenitor

hematoh%oietic stein];fel s into a recipient. 10 In another particular

BB SH S TS LS SR ot BAERRE S SiodvomcP pBf iphibiting
difethedtis eraied M&%&s&%@@rﬁe&'&wiﬁypgd&%m ﬁf‘e%‘t%'&ﬁ}gc%ns

capacity of the stem cells'in responding to signaling pathways involving
ex pPALNAEEsOtiBEsEYy dxpaplineplifpmiiationdfihosteminglbewhiecattne
[ tantially inhibiting differentiation of the stem. cells.
e S L A At o1 3
kimneel wetiortye|eaté choathd blerof elevirdregplitingod Rb3dogskasvityper an
.exspres ion of a gene encodingﬁ Pl 3-kinase is selected from the %{gp

KIS AGTRG 1 % WnBSFSTR 9hcinBeRecSEAnHRgCRvity, Sk BAtRcHsaeby

expolyiinelosdigecopableiofsneciiicallyhidigingwith apmR %&@Qﬁﬁﬂgt
20 encoding PI 3-kinase, a ribozyme which speci]‘icaily cleaves P

or Wm&r%@wmh@@mstm@ﬂmmmm@@mms, an
siRNA malecy I ' I radation of PI 3-kinase :
transcripts, an? ?gﬁ%éﬁéb’lﬁﬁ%ﬁﬁﬁg e(C:fe%f\/es{3 Bf%sﬁashﬁ?éemmn’

stepativcaptheonDiNAdThectfiect dbiheragidiisthat reduceRh Tddaassns for
ontext of the present invention is not

e (ﬁ((fression or activit)%/ 5usedin ?
TR fo BRURE sBtiFtgs SERNCH H AL SE TR don §iSRRbBH Radred,
invsivaldrPyivoepRiications{osx Hagasagepty aIaRRAVITa8e d: e Refs, while
according to yet another aspect of the present invention there is provided
at e Rams it B skl s hiinedi SR ersiationiefithe sk 36lperipheral
blood of afiQrorfor hapyesting th Th thod according to WO
T A N te%ta%&%?oﬂﬁsee%re%lér%ﬁh‘{/%n%en
madidffssteelbyitd) aerministefiniptatheulitiigy a PI 3-kinase activity or an
expression of a gene encoding a PI 3-kinase is selected from the group
consisting of an inhibitor of PI 3-kinase catalytic acti\?ity, an antisense
polynuclectide capable of specifically hybridizing with an mRNA transcript
encoding PI 3-kinase, a ribozyme which specifically cleaves PI 3-kinase
transcripts, coding sequences and/or promoter elements, an siRNA molecule
capable of inducing degradation of PI 3-kinase tramscripts, and a DNAzyme
which specifically cleaves PI 3-kinase transcripts or DNA.

The effect of the agents that reduce PI 3-kinase expression or activity
used in context of the present invention is not limited to ex-vivo settings.
Hence, based on the findings herein described, novel in-vivo applications for
these agents are envisaged.

Hence, according to yet another aspect of the present invention there is
provided a method of mobilization of bone marrow stem cells into the

peripheral blood of a donor for harvesting the cells. The method according to
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an effective amount of a modulator of Pl 3-kinase activity or expression of
a gene encoding PI 3-kinase, the modulator selected capable of
downregulating a Pl 3-kinase activity or an expression of a gene
wenoadingy Pl 3-kinase, and 5 harvesting the cells by leukophonesisednosiiths
another particular embodiment of this aspect of the present invention,
step (a) of the method is effected % administering to the donor an
thisfesptivecdrtimuest aniaganidoisedfecied Bycapacitiafsheistem oellsdRor
responding to signalin ways inyolving Pl 3-kinase, thereby
o0 R P PP e TSt 2P g Pombesien of
geRPeRVEeI P IR aipiallHE methadsefnelilization QFsihrals fHHber
comprise administering to the donor at least oneﬁii:ytpkine, preferably gt
Plichkinase agHyitryaskiie sxpiersioe pfesegricuseeptingdBteiceihase, and
1M i 'Ig?ﬂ'g:n ' |Q$I%r d 15 Further according to an aspect of
thengr sent(i‘%]\;gm{n e]rﬂél?géglr%vided a method of inhibiting
matUrattil diffetketiatioticed @rythividiptesursdriasliafpecthe treaimesaiat a
. P- emo%obin?ﬁfaﬁth'c patient. Th%ﬁ%ethod according ta this aspect of the
InYPRERR: S AtoRG SRS b ySathisriRdein g 4B R SamEntoalhe donor an
effaadeaion afde | Fkinase-Re vty RusSPIESSIOMALA0eReRNCOAING Bls in
3-kinase, 20 the modulator selected capable of downregulating a Pl
resppikiag eaisnabnaralprssisidriagdicdekasamgirrékinasending a
antNEIERY: SXPRRAING, inhipiti ifferentiation of a population of stem
cells of t%gp patient,@%%%ﬂﬁgéé%%r‘ﬁgnﬁi%%%g%o%}a o&‘?ﬁ%e%s()dulator of PI
3-kirséetudiy thbepatiehodthefSteobitiziisi cunce syemaceiiiefatedmmaiugation,
a resu!gt{'n infle ated fetal hf?moglobin 2 .product%fon. The modulator used
ST AR S ISR PO TR R MR (RS e Bt i atemnsrgarty
cyRiMpRAII sedycgraiganaaite ahiie Cells ImipinondingIR REadinase
signaling, a inhibitor, such as wortmannin or LY294002, or an inhibitory Pl
blegfinase antibody. In another embodiment, the method is effected 30 by
furtheg administeARY, 3Lk jient., WO 2004/078917 .
PCT/LBS0MTC000T i)o%ﬁogéﬂgctpoq@l@ %5 S mven%on ere’is provided
a method of inhibiting maturation/differentiation of erythroid precursor cells for

the treatment of a P-hemoglobinopathic patient. The method according to this
aspect of the present invention is effected by administering to the patient an a
modulator of PI 3-kinase activity or expression of a gene encoding PI 3-kinase,
the modulator selected capable of downregulating a PI 3-kinase activity or an
expression of a gene encoding PI 3-kinase, thereby expanding and inhibiting
differentiation of a population of stem cells of the patient, such that upon
natural removal of the modulator of PI 3-kinase from the patient, the stem cells
undergo accelerated maturation, resulting in elevated fetal hemoglobin
production.

The modulator used according to this method of the present invention
can be an agent for abrogating or reducing a capacity of the cells in responding
to PI 3-kinase signaling, a inhibitor, such as wortmannin or LY294002, or an
inhibitory PI 3-kinase antibody. In another embodiment, the method is effected
by further administering a cytokine to the patient,



10

15

20

In in-vivo settings, administration of the modulators that reduce PI 3-
kinase expression or activity, e.g., Pl 3-kinase inhibitors wortamnnin and
LY294002, or anti-PI 3-kinase antibodies, may be by a pharmaceutical

weoimR@sHsen including same, which may further include thickengtSoo4/000215
carriers, 5 buffers, diluents, surface active agents, preservatives, and the

like, all as well known in the art. Tiee pharmaceutical composition may be

adminisiereebinatetgysadaysiseependngrenHuaprmbitenae ferireappr.
. Systemic treatment, and on the area to be treated. Administration may be

kInft5e SERHESOirRl LRFHY BbtiSatimiddlly -tenasginaiND et alo iemamas afipy]

L salvioby iphalatiopy %-Rﬁ{%@eéi%éﬂes‘??‘ﬁm?'%gy%

; : g”%"%:ﬁ%%&’éé%t?éal
intraperitoneal, subcutaneous, subdural, " intramuscular or intravenous

competitnp onolading mplestabhécietivanfoebireifebrdeuthiides: fos, topicials,
minisfration may include, but are not limited to, lotjons, ointments, gels,
b G o SHEAES SH105 e eb SRS 4% plc, o & el

knGenvertienal. pharmaceutical carriers, aqueous, powder or oily bases,
thickeners and the like may be necessary or desirable. Compositions for

oral adfmRHAIRRETITHALRPRATHNS ST RSB RsEERh RSN SOREBhs
QeSS OF RAAGNEOS R A3 EIS-AADSHES O BB, Thickenars

diluents, flavorings, dispersing aids, efmulsifiers or binders 20 may be

bedbshible. Admiuistiahefonparentdeakatiminidiyationlmbygnohibabos dye

nat_Jimited ta, sterile solutions, which may.alsq contain buffers, diluen
v Ll R P i b BB . Tor
exdmpbesimajhgimiadydndige duin2bseabatdimitemhiorsiesie SQlBinns],
. which may also contain buffers, diluents and other suitable additives.

IEBUHRG 1T B EHERIPSH BUBEHRNGReds ¥t tekuriio Aoy raalenist,

e e L
to ol d OBOIPRISO rEsks dimeaiiys slilippbiittviear deapse dsjlyidipteprajseand
po%pégﬁg%g&%e}%eosﬂﬁv I%a%%%%%gggﬁlcér%%gl%%ggoﬂgop%%}ger or oily bases,
thickeners and the like may be necessary or desirable.

Compositions for oral administration include powders or granules,
suspensions or solutions in water or non-aqueous media, sachets, capsules or
tabiets. Thickeners, diluents, flavorings, dispersing aids, emulsifiers or binders
may be desirable.

Formulations for parenteral administration may include, but are not
limited to, sterile solutions, which may also contain buffers, diluents and other
suitable additives,

Formulations for implantable delivery devices may similarly include, but
are not limited to, sterile solutions, which may also contain buffers, diluents
and other suitable additives.

Dosing is dependent on responsiveness of the condition for treatment,
but will normally be one or more doses per day, with course of treatment lasting

from several days to several months or until a required effect is achieved.

Persons ordinarily skilled in the art can easily determine optimum dosages,
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101 dosing methodologies and repetition rates. Slow release
administration regimes may be advantageous in some applications.
According to preferred embodiments of the present invention, providing

wiesiamssells with the conditions for ex-vivo cell proliferatiop-Gomis8512125
providing the cells with nutrients and with cytokines. Preferably, the

cytokines are early acting cytokine®i such as, but not limited to, stem cell

ddeatonéthddolbigandchrttagruliontaivter Ridkindcitesankingd g Heukins.,
interleukin-10, interleukin-12, tumor necrosis auior-a and uiroimibopuictin.
OGP MY ARRSEITAR SATHG SPEESAEPMat novel cytokines are continuously

ocougianio SR IR IRE Weehd ISR ol b yiding
expansion of the present invention. Late acting cytokines can aldo be
thesgemThelde inthidés fooedample fogranutbayteatblomlistmuitatingiasioss

logyte/macrophage.colony ,stimulating factoy, erythropojetin, FGF,
priifing e coleeth ROtHERS g AR GRS R A A SRR ames
ar€Qiany stimmgainadiastorsudnessternicelis iebe @ xpandsd by themethog of

. the present invention can be embryonic stem cells or adult stem cells.
ligandh ipdpitcakdin e dndcrlsykinetn sierbriesciRisvisrkin-fueintastsikim khe
inftand.are described, for example, in Trounson AQ (Reprod Fertil Dey.
“‘?“2[%%1 13: 52%3, Ro%%tql\rﬁﬁ 20‘?|\/lethbgds Mo i%l‘"‘& éi‘pf)fés: 1), awrf@ ve
apBraitlatdd iAtne RepeCelhendidl (P08t 7143 ToAdinbsBindeaits aredl,
stem cells, which are derived from tissues of adults and are also well
SRR A BT B IPiLBRMEAE A CHiH G FBRISRM: Stcle damseae
indesesiped in, for example, Miraglia, S. et al. (1997) Blood 90: 5013,

Uchida, N. et al. (2000) Proc. Natl. Acad. Sci. USA 97: 14720, 25
Simrhdits aEiDZetEPHIITs 1998|360 78 F5eProdiksseDlgivdmtierapyaatol)

e DY GRS R
stiRulptarghiik (E ditoy) HRoglardr, . Kz d EFEWGE), PREhETICOdBmsige
RSN S 3 spapeitc tem el

The stem cells to be expanded by the method of the present invention
can be embryonic stem cells or adult stem cells. Embryonic stem cells and
methods of their retrieval are well known in the art and are described, for
example, in Trounson AO (Reprod Fertil Dev (2001) 13: 523), Roach ML
(Methods Mol Biol (2002) 185: 1), and Smith AG (Annu Rev Cell Dev Biol
(2001) 17:435). Adult stem cells are stem cells, which are derived from tissues
of adults and are also well known in the art. Methods of isolating or enriching
for adult stem cells are described in, for example, Miraglia, S. et al. (1997)
Blon 90: 5013, Uchida, N. et al. (2000) Proc. Natl. Acad. Sci. USA 97: 14720,
Simmons, P.J. et al. (1991) Blood 78: 55, Prockop DJ (Cytotherapy (2001) 3:
393), Bohmer RM (Fetal Diagn Ther (2002) 17: 83) and Rowley SD et al.
{Bone Marrow Transplant (1998) 21: 1253), Stem Cell Biology Daniel R,
Marshak (Editor) Richard L. Gardner (Editor), Publisher: Cold Spring Harbor
Laboratory Press, (2001) and Hematopoietic Stem Cell Transplantation.
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102 Anthony D. Ho (Editor) Richard Champlin (Editor), Publisher: Marcel
Dekker (2000). A presently preferred source for adult stem cells is the
hematopoietic system. Hence, according to a preferred embodiment of
whegmiasentinvention s the stem cells are hematopoietic stgipGg ks, 246k 5
stem cells can be derived from bone marrow, peripheral blood and
neonatal umbilical cord blood. Metheds of enriching white blood cells
i ool E _ . art i .
selecting foﬁfwc(%?ii’}?and Cﬁ%@g@ﬁ%@g@@gﬁﬁfﬁ gr/{éﬂg%l%+ o
¥ include pluripotent stem cells and very early to progenitor cells,

whici]Ak g riaje conditions may, revert 1o st ells, as the)

are not%%ﬁﬁi@%@%&%{é}a&ngﬁ& %ruflg}%{m%er sﬁﬁ%b&%ﬁ%d%mﬁéc’pom ¢

systducing ¢heepresertiiny entioprefzpedctied viameEnabsten allenresesiion
the mono%rﬁ%:lear cell fractjon of blood (i.e., white blood cells), can

o dER) & kD AFRIBTIRRARD TR TEAAb AL thines Sremeritlisvesnidn ideaived
filgyshiposi milan i Stertisalse nHhed Hlasqssaliragtion;ofiblogd ‘FJF%%%%
according to an embodiment of the present invention, the stem cells that
Mﬁ%@%d’%ﬁﬁaﬁkl@ﬁ wiittieadecgllsrionergrarcles o) fiot semchaty) are

whiih.cammitted cells. This gmbodiment of the.present invention is of .
W}%rticugﬂdvggtag T;Eecaué%’itbrséﬁ‘é%lé@ the f‘e‘di%ii %%“eér”e'f%ggbeﬁm“’mng
celdparabions F0apdoT R ék-ille duttutagliamelst Meanotley anabadimanty
the cells are enriched for hematopoietic CD133+ _cells or CD34+ cells and
P b Ao P4 e B QAT AL SRR d @sgh s rin
calicel gwfage antiannnaP38aRd Lineage specific antigens (Lin,
including: CD3, CD61, CD19, CD33, CD14, CD15 and/or CD4). 25 It was

- expefiieman sSTeunginsrasdueligined sdplecrsdoting thiemmaselis iirvention

' iscl ' i thways is reversible, e.g.,
e P R SR S d e fdaf prood
(loultowbithebdetid cdidedtn axphngmnrdsiasied testifferentiatehbiiotherihe

S R e e e P menten oo

oBbltcient HxpaaSiBdRIBIEWINan embodiment of the present invention, the
stem cells that undergo expansion are mixed (e.g., not separated from, not
enriched) with committed cells. This embodiment of the present invention is of
particular advantage because it relieves the tedious need for cell separation
prior to ex-vivo culturing the cells.

In another embodiment, the cells are enriched for hematopoietic CD133"
cells or CD34” cells and are characterized by an absence, or significantly
dirmnished expression of cell surface antigens CD38 and Lineage specific
antigens (Lin, including: CD3, CD61, CD19, CD33, CD14, CD15 and/or CD4),

It was experimentally found that reducing the capacity of the stem cells
in responding to the disclosed signaling pathways is reversible, e.g., inherently
reversible. In some experiments, following 16-18 weeks in culture the cells
ceased to expand and started to differentiate. In other words, cells expanded
using the protocols of the present invention to not ansform into cell lines.

Hence, by exposing such cells following sufficient expansion to growth
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WO 2004/078917 PCT/IL2004/000215 103 conditions by which
differentiation is induced, one would be able to direct the ex-vivo
differentiation of the cells to desired direction, including ex vivo and in
wooegisrsand trans-differentiation. As used herein "cis-differeuatiationd4/e00215
refers to differentiation of adult stem 5 cells into a tissue from which they
were derived. For example, the differentiation of CD34+ hematopoietic

cokéitfola diferaniicammisiacinatisanbloed colls censdtuteshle to direct the
cis-differentiation. As used herein "trans-differentiation” refers to

exuiiterehtismariafen of Becrplsdmsdpit sl tHERREIRBANRINENE Ry W apbin
vi\%eE%?gng ﬁxﬁ)éifaﬂvﬁ@‘l;tl—t.teImgﬁ&gl__olifferentiation of CD34+ hematopoietic cells
|

to cells o erent tissue origin, e.g., myocites constitutes
trangxslifferd htiadiori‘cidhd Semmtationiseddis toali rparisitonw Codudbaton

e present inventign can be obtained from any tissue gf any multicellylar
ce ?géﬂﬁgmaingﬁfﬁi’ﬁg%ﬁ% ‘é’g{ﬁ%’ali%ﬁd Didhts gl)l{é/ﬁ cell Wer%xmt ©
diggishit AN b Oram T Ak Hisstins difc anel laredodiffkeshioyishificllitisaues

of animals, including, but not limited to, bone marrow (Rowley SD et al.
bleodgsiipepeshifaies T rHASHEARRAN1253), peripheral blood (Koizumi K,

(200). Bang Mamgw-Traosplantef. 484 Iet-(REtAIBRILBR. EhAl ot 1ARR
Hepatology 27: 433) and brain (Pagano SF et al. (2000) Stem Cells 18:

stae5elsisranticipstes fran allisdehlostisvare expaledable ZDusirgple, the

.methods. of th invention. In a recent stud PCTIL03/00235,
S n g K e ]
e.dNVieREYi e WRestadly issuicfadiiatiex vivo expanded stem cells

differentiate into various cell type, including heart, lung, bone marrow and

vaschl #ems ssllowisy 19n450 SUPARTRFRIbFODISH 8hEMUNESeRt tTV iR e
a3 Seilspnddargeloraan. diterantiationcan e sithat cisHifferaptiatian

or trans-differentiation”or a combination of both. As iS mentioned .
antispdinatib péatidis- Giffenardiativertrefiersitdo diffistantintiop ofssternnéisines

o R R BT A S T
bone marrow (Rowley SD et al. (1998) Bone Marrow Transplant 21: 1253),
peripheral blood (Koizumi K, (2000) Bone Marrow Transplant 26: 787, liver
(Petersen BE et al. (1998) Hepatology 27: 433) and brain (Pagaho SF et al.
(2000) Stem Cells 18: 295). It is anticipated that all such cells are expandable
using the methods of the present invention.

In a recent study (see PCTIL0O3/00235, to Peled, from which the present
application claims priority) the present inventor unexpectedly discovered that
ex vivo expanded stem cells differentiate into various cell type, including heart,
hing, bone marrow and vascular cells following in vive administration.

Depending on the source stem cells and target organ, differentiation can
be either cis-differentiation or trans-differentiation or a combination of both.

As is mentioned hereinabove “cis-differentiation” refers to
differentiation of stem cells into a tissue identical to the tissue from which they
were derived. For example, the differentiation of CD34+ hematopozetic cells to

different commutted/mature blood cells constitutes cis-differentiation.
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30 different conunittedlurature blood cells constitutes cis-differentiation.
WO 2004/078917 PCT/IL2004/000215 104 As is mentioned hereinabove
"trans-differentiation” refers to differentiation of stem cells into a tissue

weistings-kem which they were derived. For example, the difigrentiaiiendatis
CD34+ hematopoietic cells to cells of different tissue origin, e.g., cardiac

cells, constitutes trans-differentiation. 5 Since the expanded stem cells of
the preseft inveationdare tRRIAIBOFdifereniiatingrinMiMpinto qveriety;of

ecific cell tépes, and since differentiation can be predetermined

. S . N - . - -
dl%%&%%ﬁ%@w GtREEcaHE aigatifssadlisomitsiomdivie thetvortoldtnyed.

r nveRtion: - Utilizedd |, replacement therapy. 10 Since
Fo?ra%i%%r%ét%r% §1§%e'r}§tfb?}§§énst§f% cel 54 int%%?lajrcg 3 62[11\% %%én]t%hcc?s\fﬁ t%f
diffesattiitissell differertiationrdiad bdivjngoftdifferentinteditelstatesi of an

MI s¢ar and injured lung parenchyma, stem cells, expanded and

admiiGE Bt (F3R MEtHotR S Hife 1HET BN SUE Bt B S tRake O f
difrgenesain damagss tisgyeandinaellgeniasementtheranis Tt thece

_present 15 methodology can be used in treating disorderS which require
diferesiintisne craph arrsistemninets satordiag He soaunleyicatdisordsnea
~omuscular disarder, a. cardioyascular disorder, an hematological disorde
e LA N e
rejiapontant theapiof human neurological diseases that are, as yet,
incutable. Progress in animal m ?ﬁls, articularly in transplanting cells of

dﬁ Cﬁ’éé) 868

the 01368 LG, X sTGHiTiCRlY Yo zats have been
shEsvRYE Haatiomaad RﬁY@@ﬁQ&@ﬁJﬁ%ﬂEﬂ&ﬁﬁ@%@@fﬁﬁ%&&%ﬁ&@%@ to loci

(Repair,of myelin disease: Strategies and progress in animal models.

ofviledtlaron Madicinimesddyng opzepehssa,56EmFaalis thapapis! conid
e b e ond el apner o e 6
regientretDéferged tissue and in cell replacement therapy. Thus, the present

methodology can be used in treating disorders which require cell or tissue

replacement.

The disorder can be a neurological disorder, a muscular disorder, a
cardiovascular disorder, an 'hematologiéai disorder, a skin disorder, a liver
disorder, and the like.

Myelin disorders form an important group of human neurological
diseases that are, as yet, incurable. Progress in animal models, particularly in
transplanting cells of the oligodendrocyte lineage, has resulted in significant
focal re~myelihati0n and physiological evidence of restoration of function
{(Repair of myelin disease: Strategies and progress in animal models. Molecular
Medicine Today. 1997. pp. 354-561). Future therapies could involve both
transpiantation and promotion of endogenous repair, and the two approaches
could be combined with ex vivo manipulation of donor tissue. Defects in
cartilage and bones can also be treated using the teachings of the present

invention. Methods of utilizing stem cells for treating such disorders are

provided in U.S. Pat. No. 4,642,120. Skin regeneration of a wound or bumn in
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cartilage and bones can also be treated using the teachings of the present
invention. Methods of utilizing stem cells for treating such disorders are 30
provided in U.S. Pat. No. 4,642,120. Skin regeneration of a wound or bum
with 36@0026§Q94/07891.7 PCT/IL2004/000215 105 an animal opbumameas2is
also be treated using the teachings of the present invention. Methods of
utilizing stem cells for treating sudhsdisorders are provided in U.S. Pat.

an Meirh:d 54, I8trandddnSalBatb N ocaidd Gudikl thadeitibmie the the present
abagve-described application, the teachings of the s present invention can

IvEREBe utisBOt vaHiNse SR 58S HEApReRRE RRIC T rdibeptisRiatith
profifiamatoroiglc seisshesbeerima the treatmentsof f1gige for a variety of

inherited or malignant diseases. While early transplantation procedures

utiliZed athdidenirtobthee shaveodesBbedopoidiiahione chatizaniongdefinge:

opulations, enrich dgtor m cells (CD34+ ceIIg) have to been used (Van
P A A R S o s R PR iote

fronThatmsiadigienma rbsnaeppheial o hantawsidlded wBleadnt alls
20:411, 1994). In addition to bone marrow, such cells could also_be

chejshvERtfrdm G sGlirdBRiIed A pariHEaID | G55388) and hdenamaly

trabiEpbilicat cord-blaad LCBL(EMPISeN-nG e RGN 0-8XRANSINOTnonulation,
hematopoietic 15 precursors, progenitors, and stem cells: The next

reqgatisr ators dedsitd ponhletipsutosicBisb b 8 7te08E 59EEY 3¢ breritnechis

BM, transplantation.with Is shartens,the period .of pancytopenia
e s B A s el S ot
CIRdeonstiwtfosnofthematepatetiaafier higirisiesel chemdthexdvhy blood.
Bla‘g%oé)e%{%us ro%enitor cells generated in-vivo. N Engl J 20 Med 333: 283,

Y5l

alit iy S RAGBA IR BRSRETA S Bt cBiisbalse
be (g celisiin aHiRlaggus Stamicel t BRRBLIPPERAShaAASS atal

Blood 87: 1687, 1996; Zimmerman RM, et al. Large-scale selection of
umbpizak cpitiphmd (6B d dprseamitbfs. dive expagrgiensafmelifiophilopoietic
N S T G VER
theaithewtdts tBiadd e HHRDJ fadior 0 i adsplapidiomnsipstation with
PB cells shortens the period of pancytopenia and reduces the risks of infection
and. bleeding-(Bmgger W, et al. Reconstitution of hematopoiesis after high-
dose chemotherapy by autologous progenitor cells generated in-vivo. N Engl J
Med 333: 283, 1995; Williams SF, et al. Selection and expansion of peripheral
blood CD34+ cells in autologous stem cell transplantation for breast cancer.
Blood 87: 1687, 1996; Zimmerman RM, et al. Large-scale selection of CD34+
peripheral blood progenitors and expansion of neutrophil precursors for clinical
applications. J Hematotherapy, 5: 247, 1996).

An additional advantage of using PB for transplantation 15 its
accessibility, although to date the limiting factor in PB transplantation stems
from the low number of circulating pluripotent stem/progenitor cells available
for harvesting. To obtain enough PB-derived stem cells for transplantation,

these cells are "harvested" by repeated leukophoresis following their

mobilization from the marrow into the circulation by treatment with
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from the low number of circulating pluripotent stem/progenitor cells
available for harvesting. To obtain enough PB-derived stem cells for
transplantation, these cells are "harvested" by repeated leukophoresis

wiglhanyingdheir 30 mobilization from the marrow into the circWalioni vooz21s
treatment with * WO 2004/078917 PCT/1L2004i00021S 106

chemotherapy and cytokines. Sucipgreatment is obviously not suitable for

cheaieLApR0Isd TAHSKIRE U Qfiex e exPanda, &t %gg%ﬁ ];%riteible o

transplantation provides several advantages: (i) it re e volume 0

noptatlceaguse doe, theanstifitomivh anpadidetmmtopibictic systeinrandon
byvi he.need for 5.maobilization and leukophoyesis; (ii) it enables
ek Cl R R R S
reeodifiit)iotrafersesiotriaminationtiiniiatansaftemnassasiatethithed for
utologous transplantation of recipients with malignancies. in such cases,
me Pt [arephansin Gitbisydiissstosies dtrmplonmibeolPBer

creswrene Ofithe sliseass. aglesting.a ing.io CD34+ stem cells
~will reduce the Iogg of tumor cells{]i%ik:%ﬂﬁn@grks%f?ﬁ% r? efé’&tt%%lfla%on
Liraitpiapriedittarassetistadurethnsstdqgets dohTplamptionytéscdpdibus fte

a tageoys in ailogeneic transplants in which T-cells contribute fo .
R IR S ORI R e T ety dvon
ofteargessiciistee Kpahsiaacaiivnon Sies @RepE0eRikiies! S PR pAEn:

%rrow mononuclear js cells in continuous perfusion cultures. Blood
Ci e

S RBKERALRE JBe Inad olHumerisellitionm sl ipnsplat.
SXpansian abhuEp Rt el BlaRH-CAIL & 404 AP HnilicaL,

studies indicate that transplantation of ex vivo expande rv
ang dhnasmativieninses ! R RIDRSiccsdmie stovehhenBratis esigibvu2e

recipi reated.with high doses of chemothgrapy, although the results
0 og?l?o?%tgl% %\%& |#r%e%sgn§€10§8%?s\i£% %ﬁ%n[grﬁ?ﬁ %ﬁ%‘t%%it@fﬁﬁ“éﬁ@la
expapsibilitéhohihesenculiidreshgetiiof eelssers Yuhl anspAR AP clear
Ce@hortenir}gﬁthe duraEE'gn of the cytopenic_phase, as well as long-term

T T FIRELORS RHERT IR FUEHS o iHRerm &diad . 2t A lishk prele Ao et
al. CRUpHN therdtanshlantenuid aeceleratithe Aradustian@ds4+ cells. Blood

Cells 20: 404, 1994),

Clinical studies indicate that transplantation of ex vive expanded cells
derived from a small number of PB CD34+ cells can restore hematopoiesis in
recipients treated with high doses of chemotherapy, although the results do not
yet allow firm conclusions about long term in vive hematopoietic capabilities of
these cultared cells. |

For successful transplantation, shortening the duration of the cytopenic
phase, as well as long-term engrafiment, is crucial. Inclusion of intermediate
and late progenitor cells in the transplant could accelerate the production of
donor-derived mature cells thereby shortening the cytopenic phase.

It is thus important, in such applications that ex-vive expanded cells
include, in addition to stem cells, more differentiated progenitor cells in order
to optimize short-term recovery and long-term restoration of hematopoiesis.

Expansion of intermediate-and late progenitor cells, especially those committed



10

15

20

donor-derived mature cells thereby shortening the cytopenic phase. It is
thus important, in such applications that ex-vivo expanded cells include,
in addition to stem cells, more differentiated progenitor cells in order to

wopliniggshort-term recovery and long-term restoration of hemaipRRIRRIS 15
30 Expansion of intermediate and late progenitor cells, especially those
committed WO 2004/078917 PCTif7L.2004/000215 107 to the neutrophilic

to BRCEIAPFANLSIG UBERASSFARTRRHIRE! MHE GHRRRSIONIOL PRI 68 b
should serve this purpgose (Sarsl}(?strom (E.‘,%Elgi et al. Effects of CD34+ cell

stege Rt e eeTUsidH DRBRAOd BskaeBN OF petiphdibiesisoef CD34+
nonuclear cells. 86; 958, 1995). tures e ysefulin s

Cﬂ?é%ﬁ)?ﬁ%%%ﬁe rar{g(?ogg%{gﬁ%% rggip%ntszﬁth%ﬁgn% etely6 %b%%ﬁ%é#e%%og

monateicaaseiiel Booml progididg.alfd@idporie ineakuresfanshddemiatnl in

recipient bone marrow recovery following conyentional radio- or
res Ao BT BI T BHETONE et BSGU G1E TR LOF i st
welVBNHGRGARALS R poRliadteumrdstonenatierRIeRRIBioN vaMSHarow

regeneration, and stimulation of bone growth for to applications in
remp@%@mr@m@ﬁ% mmg predmmntaiapitaiafskidonaspia
bl 2565 WhleRaYFeRINANCSH PRSI CSRONSE ChEeRIARRMARt akas
deficient functioris, such as, for exampllle, adoptive Immunotherapy,
hepatiodeggnisrtionpthesaleyrof usatetisaatid saineidst jaucfihordeficienhiésy
vjtal and genetic diseases, [Freedman AR, et al. Generation of T
3@%%&%%&??8?&?%%1 &ﬁ%%&’%%é’ SRR AR AR AR
apMRAIGN adssARhiiBsIeRHE, @fiakcb@RSIRING @sip@Rlienoef EpBnt of
against Epstein-Barr virus infection by adoptive transfer of gene-modified
defipipsharsHens yiphabytes CRRUGEY N A4TRI KcmeEE oth gy Pt fms
. jcyl I : L pepti i . Xi pgpnse
e A G
seRadudisepsbe [CapadipinfiRe steinGetlsratioaspbidingbdel8kirasebone

e T TR B
Loagliviymarsiorgrne eXpressieny pieiaiablypiesa tae Rexrdiafdon01de,
adggtaif\%at?a!géfer of gene-modified virus-specific T iymphoc:,rtés. (1996) Nature
Medicine, 2: 551; Protti MP, et al. Particulate naturally processed peptides
prime a cytotoxic response against human melanoma in vifro. (1996). Cancer
Res., 56: 1210].

Reducing the capacity of the stem cells in responding to PI 3-kinase
signaling pathways is by ex-vivo culturing the stem cells in a presence of an
effective amount of a modulator capable of downregulating PI 3-kinase activity
and/or gene expression, preferably, for a time period of 0.1-50 %, preferably,
0.1-25 %, more preferably, 0.1-15 %, of an entire ex-vivo culturing period of
the stem cells or for the entire period. While reducing the present invention to
practice, it was uncovered that an initial pulsed exposure to a PI 3-kinase
activity inhibitor is sufficient to exert cell expansion after the inhibitor was

removed from the culturing set up.
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25 0.1-25 %, more preferably, 0.1-15 %, of an entire ex-vivo culturing
period of the stem cells or for the entire period. While reducing the
present invention to practice, it was uncovered that an initial pulsed
WEXRHB50TeP10 a Pl 3-kinase activity inhibitor is sufficient to eXdiTaeM04/000215
expansion after the inhibitor was removed from the culturing set up. WO
2004/078917 PCT/1L2004/00021%98108 According to an additional aspect
of theqoresian inventiaddiieralisagrestidst] e aasssnofideterminingiere is
wh t%er a specific modulator ofgrl? -kinase activity or gene expression is
pr%*ases |@%?§ﬁ?ﬁbﬁ%ﬁcﬁ$@ﬁ%¥é‘ﬂ§aﬁ’ o818 oFird® 5%%%9@86&8#59%6%@3
acti®Rest obibe BrRsentinyeajianc oM BIIsss; e M riRg.Am: ROR Wationsof prlls

capable of differentiating, such as stem cells, (e.g. CD34+ hematopoietic
aswal|sycprdiuh iortbisiteserct s e pseisetaimianiinercaiifheesstiatdaudal 2

line,,such as, but not,limi 2-|.and USP-3 (Suko 20 az
el R B A R e R L e
hemAi9PER0), artld9. pragduitor2 (Slikriew Jc&l(2001) Stebttim@ells kin-

. 193) in the presence or.absence of fhe modulator and manitoring changes
R, %@qﬁ%@é&&%%mhi%?& % ERibaR 19 SPrav S,
MngERseddifferantiation aREomnaneshtn an-teatedhcelipindicaiesans

modulator of Pl 3-kinase activity or gene expression incapable of inhibiting
(Udiriawmtiaion Swi78:848)a tadk [P dearshilin dffdeaistalion a2 e8hipaiad

te.1 t Is.jndicate dulat able. of inhibiti o
Ot o e VLAl hee BE PR Sy M hpopicorie
cherkicrmse ddiisitntiaticaxaimple deiltheveetiods ebthe feesantdhyeantiorfew

disclosed herein. Preferably, culturing the population of stem cells.or cells
QS SRR B R G BB A TS BHSTAIERISA S prALEHES B

m&u12RLIEehy e ARAYE L REFieY leKiDen P SipfalhvrAheasAbRCHIG SHINS

or a combination of such cytokines, e.g., thrombopoietin (TPO),

- diffiesmsiakinne whewpsan ok oigkateasw isichiieemtasion(sCFmpERed to

WacanRe aed. Ly ang rdinarly. siilled inet igd ' ieh
ULnof ?he antagorlwlli&stséjﬁtstecg be 8w %%é"%%%?geﬁ %@%é%%rpgggg}gg ﬁzyé{la ’
whmblamertingishe vdftotsehethods modulator of PI 3-kinase activity, for
exanople, m the methods of the present invention disclosed herein.

Preferably, culturing the population of stem cells or cells of a

~ substantially non-differentiated cell line is performed in a presence of an

effective amount of a cytokine, preferably, an early acting cytokine or a
combination of such cytokines, e.g., thrombopoietin (TPO), interleukin-6 (F.-
6), an FLT-3 ligand and stem cell factor (SCF). This assay can be used, by one
ordinarily skilled in the art, fo determine which of the antagonists listed below
is most efficient for the purpose of implementing the various methods,
preparafions and articles-of-manufacture of the present invention which are
further described hereinafter. To determine most effective concentrations and
exposure time for achieving optimal results with stem cells of different origins.
Additional objeéts, ‘advantages, and novel features of the present
invention will become apparent to one ordinarily skilled in the art upon

examination of the following examples, which are not intended to be limiting.
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25 preparations and articles-of-manufacture of the present invention which
are further described hereinafter. To determine most effective
concentrations and exposure time for achieving optimal results with stem

woslisaf-géferent origins. Additional objects, advantages, angdaoueko4/000215
features of the present invention will become apparent to one ordinarily
skilled in the art upon 30 examindtidn of the following examples, which

Addieinetliptensted o8 bidindigs\@RDETS 947dP G4t QIR0 QA Ebent
109 Add|t|onally, each of the various embodm(fnts and aspects of the

invsriiemesfFiRGair A ereiebata Hdanabonehmitas elaimeaeritntalams
ﬂn%%mmgyya;fg{gﬁgﬁgﬁr%m%ort in the following. s EXAMPLES

Reference is now made to the following examples, which together with
the above descriptions illustrate the invention in a non-limiting fashion.
Goner ally, the nomenclatur %ﬁgﬂ in. and the laboratory procedures
utilized in the present invention include molecular, biochemical, ro

micralal@logwl@ﬁdvna@m&)toam&Mkl&n@r&ﬂmi&;@h}ﬁebhommamh
thoroughly explained in the literature. See, for example, Molecular

ORI AR TR BTGP RIERG S SHFARAGBIIRE AOT Toabine daningn
ProtecolsimMaleculah Kaloge YAUmes il AL sbelnBrabm ook tLAghs

Ausubel et al., "Current Protocols in Molecular Biology", Johh Wiley and

uti§ged, Baltintbee, Wiasand 5¢engeg); Pechule’ Ammldar,eutu@ctwnmal
%Il:‘)a%lf m%ionln é](%r%ﬂb\{vney %ﬁ%ns I}lgu s%)rlliléévg )’te uegt gll'é

ecom |nant C|en Amerlcan Ol‘k n et

théecis)HIy enplamad aly dis: l&tdraﬁoeat@sewl&mmﬁpmsmmM%Emdg
Spring Harpbor Laporatory Press, New Yark %998) methodolo ies as
A fohriony S paaR Sampeask apdl 4 68890 sCusen: 59i0spls MY Hee! d

Bz%l%é%‘oﬁ&uﬁ@il Bigtogy;sAr.abRIaleryddantinok’ suaiuaes lalll €ajlignd.

d. (1994); "Current Protocols in Immunology Volumes I-lli Collgan J.

PTEtO@dS (modhyistias Biabgrdsy: OhBa\éld%hdI@llﬁwm, | Aadimersgyiastand
T e e
New York (1988)5 Watson ot al., "Recombinant DNA", Scientific American
Books, New York; Birren et al. (eds) "Genome Analysis: A Laboratory Manual
Series", Vols. 1-4, Cold Spring Harbor Laboratory Press, New York (1998);
methodologies as set forth in U.S, Pat. Nos. 4,666,828; 4,683,202; 4,801,531,
5,192,659 and 5,272,057; "Cell Biology: A Laboratory Handbook", Volumes I-
HI Cellis, I. E., ed. (1994); "Current Protocols in Immunology” Volumes 1-1I1
Coligan J. E., ed. (1994); Stites et al. (eds), "Basic and Clinical Immunology"
(8th Edition), Appleton & Lange, Norwalk, CT {1994); Mishell and Shiigi
{eds), "Selected Methods in Cellular Immunology”, W. H. Freeman and Co.,
New York (1980); available immunoassays are extensively described in the
patent and scientific literature, see, for example, U.S. Pat. Nos. 3,791,932;
3,839,153, 3,850,752, 3,850,578; 3,853,987; 3,867,517; 3,879,262; 3,901.654;
3,935,074; 3,984,533; 3,996,345, 4,034,074, 4,098,876, 4,879,219; 5,011,771
and 5,281,521; "Oligonucleotide Synthesis" Gait, M. J., ed. (1984); *Nucleic
Acid Hybridization” Hames, B. D., and Higgins S. J., eds. (1985);



1G

15

20

25

30

25 New York (1980); available immunoassays are extensively described
in the patent and scientific literature, see, for example, U.S. Pat. Nos.
3,791,932; 3,839,153; 3,850,752; 3,850,578; 3,853,987, 3,867,517,

wd 8d(,¢018:8,901,654; 3,935,074, 3,984,533, 3,996,345; 4,0348 Me1/000215
4,098,876; 4,879,219; 5,011,771 and 5,281,521; "Oligonucleotide

Synthesis" Gait, M. J., ed. (1984);'{bucleic 3o Acid Hybridization" Hames,

"TEnRrigAeH HIEITSAsthu SISHARES) BV 20MTAANY S. 1. eds. (1984);
PCTIIL2004/000215 110 "Transcription and Translation" Haines, B. D.,

"Aniaaligeihsoloree dErasegy); RARmed. CaP 8itermRebihiney, Gells, sl

1986), obiliz lls nz s" IRL ss, (1986); A Practical
ol o RToIetTa) Cloinge e L0 WA Qe Peroar
B. Enagaplagy*Methd 314, Aeadesiipiress!. "PER 5 KAiateadls PheSsyiteCRo

Methods And Applications”, Academic Press, San Diego, CA (1990);

Projpgeisaiet @mds dadebeds pradid\PoHERRIBH aktraCrmiscRigsatiéan
DiérbalkokataRoGRUEe-Manual" ¢ Sk Rress (18961, 3ILef PWAMIAE and

incorporated by reference as Alfitly set forth halein. Ouici genera,.
Chesteiigneeticare pholidudaionouglovuseiéaduelmeRH TR grocéfReesall of
therein are to believed to be well knawn.in the art.and ate proyided for the
R b e PR T B Pk ioh OB e A gonere
refinenteerate gilveidia hiirdeitancdiExihint. 1T IRARANTAL QNS Sre

AND THEIR USE IN EX VJIVOHEMATOPOIETIC CELL EXPANSION

belipxreit Bnd ek sanie mdbrahaed armgrat oo nisairacs sbihe

reARAIOMH HRRKSYAIDERIS: 0revnlesiRpline RAR APRgRISherein ‘fgf
4-[f4-(4-ethylphezryl)-2,2-dirrzethyl- (211)-thiochomen-6"yl)J-benzoic acid,

refeA@INe194310): The RAR antagonist AGN194310 was synthesized
according to the procedure described by Johnson (26), with some

modification. Synthesis of B-g-ggg}%gg&heizylthio)-3-methyl-butyric acid:
25 A heavy-walled screw-ca IE WA arged with 3-methyl-2-butenoic
RAR-ANTAGONISTS AND THEIR USE IN EX-VIVO HEMATOPOIETIC
CELE EXPANSION

- Material and Experimental Methods

High-Ajffinity retinoic acid receptor aniagonisi (RAR) synthesis:

Synthesis of the RAR aniagonist 4-ff4-(d-ethylphenyl)-2,2-dimethyl-
(2H)-thiochemen-6-yl)[-benzoic acid, (AGN 194310):

The RAR antagonist AGN194310 was synthesized according to the
procedure described by Johnson (26), with some modification.

Synthesis of 3-(4-methoxyphenylthio)-3-methyl-butyric acid:

A heavy-walled screw-cap tube was charged with 3-methyl-2-butenoic
acid (13.86gm) 33-dimethylacrylic acid, (138.4mmol), 4-methoxythiophenol
(143.2 mmol), and piperidine (41.6 mmol) [Aldrich]. The mixture was heated
to 105-110 °C for 32 hours, then cooled to room temperature. The reaction
mixture was dissolved in ethyl acetate (EtOAc) (700 ml) with stirring, and the
resulting solution was washed with 1M aqueous HC1 (50 ml x 2), water (50 ml),
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acid (13.86gm) 3,3-dimethylacrylic acid, (138.4mmaol),
4-methoxythiophenol (143.2 mmol), and piperidine (41.6 mmol) [Aldrich].
The mixture was heated to 105-110 C for 32 hours, then cooled to room

wiesRaraiire. The reaction mixture was dissolved in ethyl agetae ¢riehdnk
(700 ml) with stirring, and the 3o resulting solution was washed with IM

aqueous HCI (50 ml x 2), water (5Q1ml), WO 2004/078917

an®$aii7d+00HRE 10 dil Asansk patriateth AtidaRsHNA GlOR &M B ried
organlc solution was thereafter dried over NaSO4. Concentration of this

O olUtiBAcERtIaHPBdCAM prasane Saarmﬁ@@d@qimr&daczch@ygssure

t-2 Id t ne I ml| o ne wer
afﬁ&c?d%?c?éfg IE(iaso d2C élﬁ?chﬁ\}%% t %iérushfe% kgjna”g{f%drgdc e sgle ds\9vés'
Fowasheddpéittemnpaperavitfdpé niariae 20 b, wmas»m ylield thesheddued

ﬁltg% 4ngighox gg\eﬁr%!)t%}é’ me P%/I é}grlc aclgN llow L%cryl%tfg;ls!és

yieddORle), Sio&uidt 24 (Jlrkettd ﬂ;ﬁ&zﬁ}-ﬁ-xﬂ@&i&id}u&gﬁ% Lablé 34 igald/
Gt dl.3 (s 6H)l 10 Synthesis of 3-(4- methoxyphenylthlq -3-rnethyl-butyzyl
yelprsserstars, 62! raoisaii 4 ot -rfilethZene it NMEREDEL:):

~Solution of_ methoxyphenyithig)3-methyl-butyrig acid in 190-ml g
u”ht?r?é at%l(o u?embgéltUreéfzkﬁé mlnu? ﬁghrlng th“ dﬁ"tlor\abf%

didxalybEhloride , the solution turned yellow After stirring the reaction
mixtyr 4 ho t rogm 15 tem ure ction solution was
coorgﬁ'lltéc’) ?afué' & § W R ’530/’6"5’;&23&?&’4 P96 x 6) (a
large v eumensf g@ﬁwm&lﬁ@%mdttﬁpgéﬁ&%n@rm%@h tellovgin of

ice-cold water (15 ml x 2) and finally saturated aqueous NacCl (15 nil).

(ﬁw@%@m@am#aﬁhﬁa@m&ma@sémﬁ& Ocen cenbenaengridgioom
terff dHaeePresSHEeIgive iﬂéoaﬁ'mﬂd&&h%sﬁkgijﬁ&ﬁ%ﬂ&%'O%%"

is matérial was used Wlthout férther purification in t xt step

so{uﬂmmmm@lmm&@f(@g S rBthe(seRi)yrd hd {8iré I-ﬂQ] @hnﬂre%mbm
R e s AR T o

5 % aqueous NaOH (5 ml x 6) (a large volume of gas was released during this

procedure), followed by ice-cold water (15 ml x 2) and finally saturated
agueous NaCl (15 mi). The organic solution was dried over NaSQ, and
concentrated under reduced pressure to give the acyl chloride product as a clear
yellow oil. This material was used without further purification in the next step.
['H-NMR (CDCl;): d3.8 (s, 3H), d3.1 (s, 2H), d1.4 (s, 6H)].

Synthesis of 6-methoxy-2,2-dimethyl-thiochroman-4-one:

A solution of Tin (IV) chloride in 30 mi dichloromethane was added
dropwise {o a solution of 3-(4-methoxyphenylthio)-3-methyl-butyryl chloride in
180 ml dichloromethane, at 0 °C, yielding a dark red solution. After stirring the
reaction mixture at 0 °C for 2 hours, the reaction was quenched by the slow
addition of 115 ml water. The dark red reaction mixture became vellow.

The organic layer was washed with M aqueous HCl (50 mb), 5 %
aqueous NaOH (50 ml) and a saturated solution of NaCl (50 mi) and was

thereafter dried over magnesium sulfate. The resulting organic solution was
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dropwise to a solution of 3-(4-methoxyphenylthio)-3-methyl-butyryl

chloride in 25 180 ml dichloromethane, at 0 C, yielding a dark red

solution. After stirring the reaction mixture at 0 C for 2 hours, the reaction
waasrenghed by the slow addition of 115 ml water. The daugkihoo4/000215

reaction mixture became yellow. The organic layer was washed with 1M

aqueous HCI (50 nil), 5 % aqueousiNaOH (50 ml) and a saturated

aReienaf Nafel Rnebepdwas, 3adhateaiandr RS o
° sulfate. The resulting organic solution was WO%%E/%%‘%?%W <

0.p o Hgp o Poeiz 6-nathesnechtunsthihtuorbtoman-gressirep anddual

st (135142, i
P e R SRR E SR (bl
1K 1dfeants, 18D, %0}, (413N RACOE 13M)dd 646 (S .1 (s, IN), d7.0 (s,
1H), ¢3.8 (s,.3H), d2.86 (s, éhl_%') dl.46 (s, 6H)]. 5 Synthesis of
6-1y SRS O Rltbr e o HE R GHEF o8 BF 8 fbrbATide (20 grams) in
80 mbdichlampthaney 6d Q81135 2R RMLERREQ Lo apalution

of 6-methoxy-2,2-dimethyl-thiochroman-4-one in 50 nil dichiorvriethane.
20 reiteigcRErIdiseure snbEien S oCiR Ky 2hd-dimedh oS durspzodiento
in 88 Guithehanenchad by the slow addiion o 30, 1o miwarer (05 her),
Following warming to room temperature, the colorléss precipitate was™
stfiftedtdor Aftenseparattof- e Gighaicdayachthgalralsdayeditsof 50
xtracte \gl? 12h0 ni;{)ﬂ'glloromethane. The combined organic layers
Were W ity sdtOr A& qUATHOA S S (5BTRiy aiate s o Alfy iess

pieRipateckaguaeisdNaChdhan drgeoyei 9%&&&@9‘@%‘%%8&%?

15 solvent under reduced pressure gave a gréen solid (6 grams of cru

WaFoRi iRy et Brotit bt iwad o somvestliane00 Fiicdiconybistk oagahihdayers

I lyti Lt ith etrgleum.ether. Ovyernight
et D e e o P S 1 e
sapidl2q1e6 @) Natd, filatedwed evapdviifdundreraeuursf and Biganic
SOrl%sidtue 8’3.4203ram(§£}6was 20 dissolved in 3Q0.ml diethyl ether. The ether

SOTtON WAS AHftfted WA 15083 feFSialAPREhEr &FHhE T Sy AtElre
Thiapkehicnweal ebzasiatd 20 Goovaraiety Psacipiatiopandditaton piihe
solution gielded 1.5 grams of the _
was diluted with 300 ml pefroleum ether. Overnight incubation at -15 °C

yielded a crystalline product (2.3 grams, 41 % yield, m.p. 122-126 °C). The
filtrate was evaporated under vacuum, and the residue (3.42 grams) was
dissolved in 30 mi diethy! ether. The ether solution was diluted with 150 ml
petroleum ether and the resulting mixture was kept in a freezer at ~ 20 °C
overnight. Precipitation and filtration of the solution yielded 1.5 grams of the
product 6-methoxy-2,2-dimethyl-thiochroman-4-one. This compound was re-
precipitated by dissolution in 30 ml diethyl ether, then diluted with 20 ml
petroleum ether. Incubation at 4 °C overnight, yielded 1 gram (80.7 % vield,
m.p. 135-142 °C, 0.6mm/Hg) of the green crystalline product, 6-hydroxy-2,2-
dimethyl-thiochroman-4-one. ['H-NMR (CDCly): d7.8 (s, 1H), d7.7 (s, 1H),

471 (s, 1H), 2.8 (s, 2H), d1.45 (s, 6H)].

Synthesis of 2,2-dimethyl-4-oxo-thiochroman-6-yl-trifluoro-

methanesulfonate:
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product 6-methoxy-2,2-dimethyl-thiochroman-4-one. This compound was
re- precipitated by dissolution in 30 ml diethyl ether, then diluted with 20
ml 25 petroleum ether. Incubation at 4 C overnight, yielded 1 gram (80.7
weo2yielchsdmp. 135-142 C, 0.6mnilHg) of the green crystallineqarachsct/oe0215
6-hydroxy-2,2- dimethyl-thiochroman-4-one. [[H-NMR (CDCI3): d7.8 (s,
), d7.7 (s, 1H), d7.1 (s, 1H), d2:83(s, 2H), dl.45 (s, 6H)]. Synthesis of

2,2-pimetiishdoxadhioRhionaaneidd i atiedGdettianes uianaig o
2004/078917 PCT/IL2004/000215 113 Trifluoromethanesulfonie
hydanydridetimsiiaddbipehrasandaansdnormbygious pyridine. The mixture

wal YO ot AImaIR M@bfom@ﬂ-ﬂéma ipR0Mrods Ry '@anga%mre

mixture was stirred for'4 hours at,0 en stirred overnight at r
Cot&mﬁm‘atmemﬁ‘mnhgﬁraﬁmuumd@rekdg& \aacemdwleﬂtkédvaasemmdh&uth

t hIh(75 ). The eth ti
i dsifithe. B8, HHG FONTFR HFmAGER B8 SHP bR eer Byitie
res@l’cihé“ﬂ@Qfﬁmeﬂi@neﬁiﬂxﬁ%ﬁ%@m%ﬂh@ ethgh sobliorayas yasnd Wlﬁhd

water, then aqueous NaCl, and dried over MSOA4. After removing the

mfélﬁﬁé@mﬁ@%é@w%nw&@ysﬁmﬁ%ﬁﬂﬁ@@@@%mﬁr’ﬁ#ﬁ@%@e\@%m@@wm

aquiiRNQigh vag Z,m, (2f thg erude productuasbitained.and.

Uve LUE BNl YLl Eliv i
"“Was further purl [‘umﬁ5 romatography usmg 14 grams silica,

waanchatatiiugdn dfrﬂ@@: mf mmxﬂmanwmmmdwdauetwel(@@d@mng 18 Ml
eluent solution x 13). After evaparation fthe uct fr ram
SR b A I U U

chehialeehpEcAlaHe SsIyshals (7168, %:weidsmﬁd@ 69- ZéoCDm][ HeiBIMBn
CDClB) d79 s, 1H), d7. 3;{5 2H), d2.8 (s, 214), dI4(s 6H)]. SyntheS|s

cthsr 2 thudiAsatiiy--5id) SR AyIb A1 Y- SRITERTb AR 4 5156 X BORA;
of Whe-prdimetnvkds0xe: t@'@?hé%?rﬁlﬁ'?ybtﬂﬂﬂ%I 40 %MUH%W

triethylamine and diniethylformamide was sparged with argon for 10
trifhioutenethanestifisitptacety|obtatnred bis[tgibdagdptospHng] 6.5 % yield,
m.p. 70-74 °C), ['"H-NMR (CDCly): d7.9 (s, 1H), d7.3 (s, 2H), d2.8 (s, 2H),
dl.4 (s, 6H)].

Synthesis of 2,2-dimethyl-6-trimethylisilanyl-ethynyl-thiochroman- 4-
one: |

A solution of  2,2-dimethyl-4-oxo-thiochroman-6-yl-trifluoro -
methanesulfonate in triethylamine and dimethylformamide was sparged with
argon for 10 minutes, Trimethylsilylacetylene and bis[triphenylphosphine]
palladium(il) chloride were added to this solution. The reaction muxture was
heated in a bath at 95-100 °C and maintained a reaction temperature of 88-90
°C, for 5 hoﬁrs. The reaction solution was cooled to room temperature, diluted
with 200 m! water, and extracted with 100 ml ethyl acetate (60 ml x 3). The
resulting organic phase was washed with water (50 ml x 2}, and brine (50 ml).
Finally, the organic solution was dried over MgSQ,, evaporated under reduced
pressure, and the resulting residue was further purified by column
chromatography using 42 grams silica, and an eluent system composed of 400

ml  petroleum  etheriethyl acetate (97:3), vyielding 2,2-dimethyl-6-
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palladium(ll) chloride were added to this solution. The reaction mixture
was heated in a bath at 95-100 C and maintained a reaction temperature
of 88-90 C, for 5 hours. The reaction solution was cooled to room
wisspssaisre, diluted 25 with 200 ml water, and extracted wiplig-£90x60k edbyls
acetate (60 nil x 3). The resulting organic phase was washed with water
(50 ml x 2), and brine (50 ml). Finally, the organic solution was dried over

it AR BYREORAGH HNASkSROHCR TR ??.%‘?f%—ﬁﬂ& Heqesulting tesidyg-

was thither purified by column chromatography using 42 grams silica, and
70 40k [ERtNYRe (BP0 sERolss 3130 diil D étroldlimdadtBetse bl addtatés,
6H§9@3? y'ég:g@ 2,2-dimethyl-6 WO 2004/078917 PCT/1L2004/000215

147t |?7n thylsitanyl-ethynyl-thiochroman-4-one (1.82 grams, 76.4 % yield,

M. pSPRAERIENF BeMMBUEDCARHFBHD chFInh Y {enH), d2.8 (s, 2H), -
dI.4zés, 6H), dO.23a(%S‘ 9H)]. Synthesis of 6-etlzynyl-2,2, ,
dinZBth§BERrZnan2adome sy xsBifRhay anyl-ethynyl-thiochroman-4-
oné Mdimetvbe-Hmeihsiany Sy By oGO AR 89&NIRENAR%m

and potassium bicarbonate was stirred overnight at room temperature.
termesaiarassilhe oo warbaissovees afidstlzsé autibihwasactitutares

(to an_ evaporated tg a reduced vu upneof = 30,304n44 nil, wltu ... =
Svcgjpopl‘%?(‘iimgfedvéfu%%egf 78106 mi), cooled v af’ f(‘:‘eﬁzwa"tvéa? ARG, Jro an
appdixacied tolwith dietiiyl 6therl{60auilad 3) dinéceonthindshdbrgadiclayetsd

were wash%d with 30 m] water and saturated agueous NaCl (30 mg %?

Wit Ve PGS O TR mibva 6T S eI A BARIE PRI CR AT prsasi

30%@%@&'@%}%&&%&6&“ i@@@PW'ﬂﬂgn&és&!er@%@ HOdG(E1.3
grain, 97.7 % yield, in.p. 63-66 C) [[H-NMR (CDC13): d7.8 (s, 1H), d7.3
Reoyal), of3.0i¢s, soineef 218vder 15ayddIrazsves) piSydse shsashathil 2. 2-

- A mixture, of 4-i ic acid | | and
R B R A D e
63sEhdAS iR RERy)] Ho.5 Gf DEIlNGT FHe, RHYLGh Geytlon whd.$ (s,

z}ﬁ?ﬁ'fﬂ Ecs), r&pi)r? temperature

Synthesis of ethy! 4-iodebenzoate:

-]

A mixture of 4-iodobenzoic acid, 25 ml ethyl alcohol and 20 ml solution
of dry HCI in ethyl alcohol was refluxed for 2 hours. The solid was dissolved
after 1 hour of boiling. The reaction solution was cooled to room temperature
and evaporated under vacuum to a volume of 10 ml. A lower organic layer
formed with the chemical conversion of the acid to the ester. The resulting
mixture was cooled in an ice bath. To this mixture 80 ml of diethyl ether , dry
sodium hydrogen carbonate (1 gram) and 50 grams of ice were added. This
solution was stirred, washed by dissolution of a saturated solution of sodium
bicarbonate in 50 ml water and water, dried over sodium sulfate, and
evaporated under vacuum, yielding ethyl 4-iodobenzoate as a liquid oil product
(5.43 gram, 96.1 % yield) ['H-NMR (CDCls): d7.8 (s, 1H), d7.79 (s, 1H), 7.6
(s, 1H), d4.4 (d, 2H, J=7.1Hz), d1.4 (s, 3H)].

Synthesis of ethyl 4-[(2,2-dimethyl-d-oxo-thiochroman-6-yljethynylj-

benzoate:
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20 and evaporated under vacuum to a volume of 10 ml. A lower organic
layer formed with the chemical conversion of the acid to the ester. The
resulting mixture was cooled in an ice bath. To this mixture 80 ml of

wdiethykhetber , dry sodium hydrogen carbonate (1 gram) angSfhgkasnsdahis
ice were added. This solution was stirred, washed by dissolution of a

saturated solution of sodium 25 bmarbonate in 50 ml water and water,

driegd oyauaediWp sLiaie: f@%%%%@%%ﬁ%ﬂ%ﬁe%%@%%hﬂ
4-iodobenzoate as a I| oil product (5.43 gram, 96.1 % vyield) [[H-NMR

iodetpeesiain @ngipr)e 71?19‘36%6 3y, FF%@(%WBHI) aegpy for Pmgegtes. HiY,

gmgn[(%@lbd?nﬁf Lé%xo thlo%r%%nan 6- yF)%th%@fl §% rSIZ(S)%lltueu%O The

solR0I04/ 0728 Xha &l 20400021 20 hiiBiAosalufianindites, then stirred for 2
6-ethynyl-2,2-dimethyl-thiochroman-4-one and ethyl 4- iodobenzoate | |n 0

days %Flé?ﬂ%ﬁ%wgg%u R RAFR SR BRI 4 O AN D grgte pad o
ceipt@[l?npﬂﬁg’p@%%ﬂ‘gtﬁe%%ﬁn Gubwaierdded Q HyssRlytiaNch8duced

solution was sparged with argon for an additional 5 minutes, then stirred

prepfIEes m%%m@mm%@réghﬂ@ﬂ aivsametogsaine ) erams
giffhrough a pad of cel ggwﬁh&&i@@l &the_rnwehEDMThe filtkate was . .

el isH] C 1 1 al Clal / il CIit 5 1van
éBorate erre pressuré ‘]ZHe SOlld resiaue wa punf‘ed jb

eﬂgdl@nﬁ(izgﬂ}d)mamgpépdim(&ﬁcgﬂamsasuﬁ:-gl)aa@lm}?t&teze&Mﬂ@@Igmn“r

563815 b BicEro e oo - IBr el (1 G o

6570 2 El ) (
AT O WP g g

3H)[Syayiesissiglotiilny| 44E 2-dimethyl-4-tiflierornesHresaltnyibrg)-
pﬁ}f}h}@@ﬁl};&@p@ 21 %}QJQ%?M he 5?€ate A solution of sodium

bis(trimethylsilyl)a ution in toluene) 15 and 10 nil of
tetrahwdﬂ@lupamﬁmsimlbﬁ(mﬂm&@ahm)amdlm(@ﬁ &‘yﬂi etﬂy‘uén i@ toluene)

SRR R R RS P R N
[(2,2-Dimethyl-4-oxo-thiochroman-6-yi)ethynyl |benzoate in 10 ml
tetrahydrofuran (THF) was slowly added. After 30 minutes, a solution of 2-
[I\LN—bis(triﬂuoromethanésulfonyl)amino]pyridine in 7 ml THF was addsd to
the reaction mixture. After 5 minutes, the cooling bath was removed and the
reaction solution was warmed to room temperature, stirred overnight and
quenched by the addition of a saturated aqueous solution of NH,C! (20 ml).
Two solvent layers were formed. The solution mixture was extracted with ethyl
acetate (75 ml). The combined organic layers were washed with 5 % aqueous
NaOH (10 ml), water (15 ml x 2), dried over MgSQy,, then concenirated under
reduced pressure. The crude product (1.74 gram) was purified by column
chromatography with 35 grams silica, and 2 % ethyl acetate/petroleum ether
(500ml, 20 x 25 ml) eluent system. After evaporation of the combined eluted
product fractions, ethyl 4-{(2,2-dimethyl-4-triflucromethanesulfonyloxy)-(2H)-
thiochromen-6-yl} ethynyl] benzoate {1.16 gram, 71 % yield, m.p. 100-104 °C)
was obtained, as a pale yellow solid. ["H-NMR (CDCl;): d8.2 (s, 2H), d7.6 (s,
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[N,N-bis(trifluoromethanesulfonyl)amino]pyridine in 7 ml THF was added
to the reaction mixture. After 5 minutes, the cooling bath was removed
and the 20 reaction solution was warmed to room temperature, stirred
wovaeinighiand quenched by the addition of a saturated aqueewsiSelidiianis
of NH4C1 (20 ml). Two solvent layers were formed. The solution mixture
was extracted with ethyl acetate {76 ml). The combined organic layers
SHWere vashed, with §90 epuae es(sNE@f1dd.a rallsmater iyl x 2), dried
over MgSO4, then concentrated under 25 reduced pressure. The crude
product (1.74 grain) was purified by column chromatography with 35

gra i an % acetate/
elues‘n?@f/)s%%fn er e‘\%%)(glratlgr?fo%c @eeg ?Cﬁ#trl}:ﬁ%sg fu%gggprod%gt %éﬁ}b
tlziﬂdaiwnsnaihw@]@{(@@blmmmrtnﬂuoromethanesuIfonyloxy) (2H)
thio men-6- n zoate 116 m, 71,% 100 10
O) SoR Bl b A A yaon Kt TR s e (L
br&hﬁvﬁﬁﬁﬁﬁ%&@@ﬂ&? 8917 P ATy Hr2 O QA QIORHS 1A6581*dﬁmd17o$ 653.7

1H), d72(s 1H), d6.0 (s 1% 1H), d4.4 (t, 6H, J=24Hz)]. Synthesis of ethyl
mazrm:@baﬁ %gﬂ)léf Lirreaddedornd thiviaaeifametiure was warmed

ﬁf'@fﬁ%&r?@ﬁéoéﬁu% FrnLohdidsMitdC (CHSIHBPRNANS Wl G1ask
added to a solution of p- bromo-ethyl-bénzene (cooled to - 78 C) in 4 ml of

COmellgsolutloﬁhIﬂ658 7 %@&Mmﬁhmb%sﬂupmmalm&m)ém)
eactlo |x S warmed ute +I to se ond
OIE‘(?ro I'riiet \g% rr}\ﬂlirtll’g“ fnhen r&ﬁe nlng e

sol@ti%%@smeﬂfed-&)tﬂﬂ goresm thwﬁtst@ﬁyﬂéd%It‘lﬁedm temperature overmght

thiochromen-6- yiiethynﬁéLa% enzoate and Pd(PPh3)4 in 8 mI THF, T
thep GHEREP bR BAUHR IR iRFeh A8 46w Ao létmea)aﬁ%b%mnm
THE TR SERE b ithen Janched v additien.af sabiratedAdierys -

NH4C1 (I0ml) for 10 minutes. Two layers formed. The mixture was

coe&tmedeﬁ%@e%mﬂ%wa@@w@ M&W@t@bﬁiﬁu melg, erghpadraedNeele
ANES e{ng% gfg%g N %Sgt%\% e so?unoerxgagl %&Qeentrated

organic so utlon ver M [ttion‘vas concentrated _under
untied ucetiqreé s e d4pidripec fiydc by nenlchtonshtograplyaphingifidg 24

grams silica, and a petroleum ether:ethyl acetate {95:5) eluent system (200 ml)

.yielding ethyl  4-[{4-(4-ethylphenyl}-2,2-dimethyi-[2H]-thiochromen-6-yi]-
ethynyl}- benzoate

['H-NMR (CDCL): d8.2 (s, 2H), d7.6 (s, 2H), d7.4 (s, 2H), d7.2 (5, 1),

47.1 (s, 2H), d7.0 (s, 2H), d6.0 (s, 1H), d4.4 (¢, 2H, J=24Hz), d2.8 (t, 2H,

J=15Hz), d1.6 (s, 6H), d1.4 {t, 3H, J=14Hz)].

Synthesis of 4-{[4-(4-Ethylphenyl)-2,2-dimethyl-(2H)- thiochromean-6-
V]-ethynyl]benzoic acid:

Two ml of a 2 M solution of NaOH were added to a solution of ethyl
4[[4-(4-ethylphenyl)-2,2-dimethyl-[ 2H]-thiochromen-6-yl]-ethynyl]benzoate in
THF and ethanol. The solution was heated to 40 °C, stired overnight, then
cooled to room temperature. The reaction mixiure was acidified with 1 N HCl
(4 ml). At the beginning of the process, the reaction mixture formed a

heterogeneous system. The mixture was extracted with ethyl acetate (25 ml x
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grams silica, and a petroleum ether:ethyl acetate (95:5) eluent system
(200 nil) yielding ethyl
4-[[4-(4-ethylphenyl)-2,2-dilnethyl-[2H]-thiochromen-6-}+I]- ethynyl]-

woen9aige?0 [H-NMR (CDC13): d8.2 (s, 2H), d7.6 (s, 2H), $E-AkSi0dkeoz1s
d7.2 (s, lii), d7.1 (s, 2H), d7.0 (s, 2H), d6.0 (s, 1H), d4.4 (t, 2H, J=24H2),
d2.8 (t, 2H, J=ISHz), dl.6 (s, 6H), dk4 (t, 3H, J=14Hz)]. Synthesis of 4

) [Tt B inhem ik 2R SiERAe i Wet O NRE I Bt water, saturated

ylj-ethynylJbenzoic acid: 25 Two ml of a 2 M solution of NaOH were
aqaeRisd Mealsoindodrisidettifh NaSO,, and the solvent was removed under

Jssipeni2 - maiaipcomen ey subsrrone

ethano € solution was hea OVerni

actheringieol€d3o mmom tempiiature. [Fhétredstiphenykiure \inseakidifie@With
I'NHCI (A:;ern}'l{) At the beginning of the pracess, the reaction mixture

thiQriwemal S0 Hebguhbstedg aeith. ¢ B WSS (ke etdyl
a QSBHE (il 6 WO ZROHOTEP T EIR 2800980345 (kLY (%)ﬁéme d7.8

combined organic layers were washed with 10 ml water, saturate
(s.atfipslisNaCI Fand tfida, Wi, NZSd=i 2id theGtyéhwds ddmdved d2.6
- Upder_reduced.pressure. The, residual splid (.31 gram) was recrystallized
u’f%irh"a%%%zr{rtﬁlle'@% r?]xﬁ)téiili‘élﬁglgfjﬁﬂf@‘fgfhzé shenyl)-2,2-dimethyl- (2H) 5
thiocigipandenlt-esiyhy iienzolicatioh (A@ AR MHN.236 gram, 70 %)
as acolorless sojid (m.p. 210-212 C) ['H-NMR (DMSQO-d6): d8.2 (s, 2H),
d7.§*&f,ﬂéﬁ)ﬁ9ﬂé (%‘%%)’Y%f?.@ ?@éﬂ}, FPB (ghical, gopd Al 9@&%}@,
ferballe GRlertt RolTbhihg-AbTTdrth, /HothA=d814ly dii815ni30) cohstit. $as

J-4onz)]. Mononuclear cell fraction collection and purification: 10 Human

otipirRebelfpmplesotamert iveied imbintes wssrd BIobnGhhderh aes RanBHTs
Bl?&'@‘@@é&géﬂﬂétg r\%%‘ (;?It?‘ai:,r?g'ﬂﬂle@e igﬂfé’r%‘c‘? iﬁ%?%@j;%%dﬂ%%%%- 30

amples were ¢ processed withi postpartum.
miBloes wascmixee witht3red Gadatind@lgmalist. leakis;yMO)ciseldimidmed for

hegyeted And [ayred on B FroofoHypague Eradlant (1675 Eramml: Sigon),
and centrifuged at 400 g for 30 minutes. The mononuclear cell fraction in the
interface layer was collected, washed three times and resuspended in
phosphate-buffered saline (PBS) solution (Biological Industries) containing 0.5
% bovine serum albumin (BSA, Fraction V; Sigma).

Purification of CD34" cells from monenuclear cell fractions:

To purify CD34" mononuclear cells, the fraction was subjected to two
cycles of immuno-magnetic separation using the MiniMACS® or Clinimax®
CD34 Progenitor Cell Isolation Kit (Miltenyi Bioteé, Auburn, CA) as per
manufacturer’s recommendations. The purity of the CD34" population obtained
ranged from 95 % to 98 % as was determined by flow cytometry (see below).

To further purify the CD34" population into CD34738" or the CD34” Lin™
sub-fractions, the purified CD34" cells were further labeled for CD38 (Dako

A/S, Glostrup, Denmark) or lineage antigens (BD Biosciences, Erermbodegem,

Belgium). The negatively labeled fraction was measured and sorted by a FACS

sorter.
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15 harvested and layered on a Ficoll-Hypaque gradient (1.077 gram/ml;
Sigma), and centrifuged at 400 g for 30 minutes. The mononuclear cell
fraction in the interface layer was collected, washed three times and
weztigestdéd in phosphate-buffered saline (PBS) solution (Biglogitalo0021s
Industries) containing 0.5 % bovine serum albumin (BSA, Fraction V;
Sigma). 20 Purification of CD34+ g#lls from mononuclear cell fractions: To

purifoE B4 MianenviFiean sellin diErfractionwas aubjasireéa Memaulles
of immuno-magnetic separation using the MiniMACS' or Clinimax(r) CD34

exﬁ%ﬁéﬂlt&ﬂéﬁpls@%ﬁﬂws(mﬂt&w%@é AtlstienceglagpefStemCell
TeU%% E?yrgraﬁgggg g The purity of the CD34+ population
tainéd 2

5 ranged om 95 % to 8 % as was determined by flow
cytaRrewy ¢segheidm ofT Gmidﬁecqibpwmmmh population into

CD3 or the CD34+Lip- sub- fra ons the purified .CD Hwere
furthé??%e?é@%srs@gﬁ‘?ﬁgﬁs Iostrup, [Seir}k'turta } or Imeal AOStar
capmﬁeee(@ta@wenmﬁ@me@ﬁeggmﬁp@wﬁf)m?éleargegewemcan

labeled fraction was measured and sorted hy a FACS 30 sorter. WO

Flaereasel soemrbcayi 2 omrenneiiom 1 F&F coels(im pitifiiien Hisdivm
(D%%%%uuf%%%% q§@ tﬁgctﬁ@?@ G%y% m{ﬁﬁ%ﬂ%'lﬁé%aggtﬁnyg%s Hsing

a negative selection column (StemCell Technologies, Vancouver, BC,

| bmmwwommmm@mw CHliiepfplarating SnBr@mgpembinant

ressm ur cells ab ve w din?2 || e
Rjre &fd gteréae(e(é tﬁ:ﬁlrg AP grﬁllncgﬂ%\% oSS %?gl ng %}(;r?ﬁ(:én%{a"g“

hglihtpaeaeabﬁioml AlceoedpCEiralion fhd0doaelatrationalphaMmegfiireach,
(Billlugiual, IndUSUIeb Belt 17aeAlAek, Israel) supplelllented with in /O
thewgh soGrwcseim! %Fesatstoraﬁt%ertm&aeu%sf@rﬁe RelioWisgidRtaAither

tofRARPBINGAR GrQKipespyerRaddat: bRmmRoRgICFETRAb on, FGF,
interleukin-6 (IL-6), FLT-3 ligand and stem cell factor (SCF), all at final ~

EgbndéntratiohS bt MB@mE&&mcht@h\tﬁﬁta@@n&nﬁCx@ atee used to

cent %on of 281”1%/ Was dde either .to ether or m%t fSCjJiﬂ
suE% e gow € A0gel gd]t_t I LI Sl
r non-hematopoietic c rent| ation,

cytokines used were purchased from Perpo Tech, Inc. (Rocky Hill, NJ}. The
cultures were incubated at 37 °C, 5 % CO;, in a humidified atmosphere.

Alternatively, whole mononuclear fraction cells (MNC) were 1solated,
cultured and supplemented with cytokines, as above.

At weekly intervals, cell cultures were toped and semi-depopulated and
were supplemented with fresh medium, serum and cytokines or supplemented
with fresh growth medium, alone. At predetermined time points, cells were
harvested, stained with trypan blue, counted, and cell morphology was
determined via the use of cytospin (Shandon, UK)-prepared smears stained with
May—Gfunwald/Giemsa solutions.

RAR  antagonist supplementation of ex-vivo hematopoietic
stem/progenitor cell cultures:

CD34" purified and whole MNC cultures were prepared and maintained
as described above. AGN 194310 RAR antagonist was added to test cultures at

concentrations ranging from 1 x 107 — 1 x 107" M [or 410 pg/l to 4.1 x 107
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EGF, NGF, VEGF, LIF or Hepatocyte growth factor (HGF) were used to
15 supplement the growth medium, either alone or in various
combinations. All cytokines used were purchased from Perpo Tech, Inc.

wiReekytilly NJ). The cultures were incubated at 37 C, 5 % Q@7 i@ 000215
humidified atmosphere. Alternatively, whole mononuclear fraction cells

(MNC) were isolated, cultured angisupplemented with cytokines, as
1gAPOVeRLArfl Iy aHe@la. foplh GREHERS WRIGI IR &M Feriod, for up to

semi-depopulated and were supplemented with fresh medium, 'serum and
thregtwicelesscscouppronsinduring bl sshiggrowiinmpeiiad, alone. At

prec}%tg‘r zi‘(r’l @liin}eag)sognsgs ecf:gl,ls were harvested, stained with trypan blue,

coun ed‘f) AR morp o'ﬂi)gy'was determined via the use of cytospin

(ShavidgshdidQiqriepiaed wnmeaisrstedinke witliti2le Maystsrpopsltitiewsa
solutions. RAR antagonist supplementation of ex-vivo hematopoietic

aCCRuRITsS e Mtbr LIPEEI L RESED P iR PANEl I oRURAR C LIRS
(CHeteRiERaredRciBRIRaiesh aside seriiRtake e ACKL AUBIAIRAR -

antagonist was added to test cultures at 30 concentrations ranging from 1
Grungadd/ Qigmer stain [ord skegynad Bierestomoally. 2004/078917
PCTELL2004/000215 AR gll] . The antagonist was added for a
pred’e%lgftr%ﬂgéff‘ﬁr‘ﬁ%ltgd pé?%d, for up to three weeks or continuously
duririgetise watiehamtese e iedhddonphiblagiEA Sassdstore ntodtonhgdgial
characterization of resulting culture. populations.was, 5 accomplishe
bR R B S s oh RS ColESHih 169 SEURO LGk,
oCSRAIPRIMHBE WL UHibieRisnese e dnatainpdhivith rin-conjugated
Grunwald/Giemsa stain and examined microscopically. Surface antigen
antihaijisist deffowdmmenocsedily Waehedswilie AP sslirlonlbsrellsigie
9 [ uminABSA).and;0.1 % | azide (Si a
R B B e T TR e S e R

fliphycoenydtein-cOailsgated mastibdiesred OO rRagality Bybguetine
ast & Seégﬁlrlﬁggg).ghﬁgeﬁvgregrgn laser beam served as the light source for
excitation. Emission of ten thousand cells was measured using logarithmic
amplification, and analyzed using CellQuest software. Negative control
staining of cells was accomplished with mouse IgG-PE (Dako A/S Glostrup,
Denmark) and mouse 1gG-FITC (BD Biosciences, Erembodegem, Belgium).
 Determination of CD34 and other hematopoietic marker expression:

CD34 surface expression on short and long-term cultures initiated either
with purified CD34" cells or the entire MNC fraction was determined as
follows: CD34" cells were positively reselected (Miltenyi kit) and counted.
Purity was confirmed by subsequent FACS and cell morphology analysis.

Reselected CD34" cell subsets were stained for the following
combination of antigens: CD34PE/CD38FITC and CD34PE/38, 33, 14, 15, 3,
4, 61, 19 (Lin) FITC. The fraction positive for CD34 and negative for CD38
was defined as CD34"CD38". The fraction positive for CD34 and negative for
LIN was defined as CD34 ' Lin" cell fraction.

Cell population calculations:
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then washed with the same buffer and analyzed by FACS caliber or
Facstarplus flow cytometers. Cells were passed at a rate of 1000
cells/second, using saline 15 as the sheath fluid. A 488 ran argon laser

wheamseied as the light source for excitation. Emission of ger/ihaissanéis
cells was measured using logarithmic amplification, and analyzed using

CellQuest software. Negative contfgd staining of cells was accomplished

() ERSSeAGRE ek H S TS SapRE AP IRe ARG

(BD Biosciences, Erembodegem, Belgium)

DUEREEINE Shieteiatapotelivirekdl explessivnivE D8thberfat €B3pfesdion on
short-and long-term cultures initiated ei Wi rifie +.cellso
the ein?%tree ng(t}%lag o1 %ﬁg‘gede ‘éer"tlr%iﬂgg}% 4fé#?v@§:’€ﬁ%%5 gglléﬁﬁér%eﬁs

wiposithdtlyteasslectRavaVIiBnY el lanekaopmtibd Pty Waswen BEResIByd

subsequent FACS and cell morphology analysis. 25 Reselected CD34+
US| Ach SRESHeIY kTS IR BIowis BSabRatisiOraRegessLs was

coutARE A BRARLEG RN, P 34PE/38, 33, 14, 15, 3, 4, 61, 19 (Lin) FITC.

The fraction positive for CD34 and negativg for CD38 was defined as
CD34e@b3sl mewristionmpisitiveofoiGTI334 antsnegdtivetimtsl Idhda€FU
defined as CD34+Lin" cell fraction. 30 Cell population calculations;, WO,

AR 955 FEREITL 0GHBHOoNS TOBRATS el e dmRb g B aie
culisipsrbedtagevaiues ofed]d. £\bselutenhetnalie1ohsr st enultiplied
lculated from the absolute number of CD34+ cells. Determination of

C
Oy R HEYEY BIPoF BB T and CD34+/Liri cells was conducted as
follomgg,@;gl@&g}@ \ygy%%ifﬂggtfmm@tgg)@;ﬁg cord blood 5 units and

stained for the above markers. The mean of thése experiments was

constede disgane engstline srnis olidtanusind ocitiudo ssupabengipfieCD8dium

LR e G e e e
stém. ctie facimbendILelstaeh nd Dkt mmlltiplied-CS Py HdeGIDSF Moth at
B E T (LA S L R G AR U e S el CROS
% CO; in a humidified atmosphere.

Determination of LTC-CFUc values:

Briefly, the ability of the chltu;res to maintain self-renewal was measured
by determination of the content of colomy forming unit cells in the long and

extended long-term cultures (LTC-CFUc), as described in the references

heremabove.

Experimental Results
RAR antagonist treatment of enriched CD34 populations alters
surface differentiation marker expression resulting in large numbers of cells
with a less-differentiated phenotype in shovi-term cultures:
In order to determine retinoid receptor antagonist effects on the ex-vivo
expansion of stem cells, CD34" cell enriched cultures were initiated in the
presence of a combination of 4 cytokines with and without different

concentrations of the retinoic acid receptor antagonist AGN 194310. Two



Cells were cloned in semi-solid, methyicellulose-containing medium
supplemented with 2 1U/ml erythropoietin (Eprex, Cilag AG Int.,
Switzerland), stem cell factor and IL-3, both at 20 ng/ml, and G-CSF and

weMizTsoboth at 15 10 ng/1nl (all from Perpo Tech). Culturgg e 8a4/00021s
incubated for 14 days at 37 C, 5 % CO2 in a humidified atmosphere.

Determination of LTC-CFUc valueg;;Briefly, the ability of the cultures to

intain. salf-r a u t iNati ; ont fr
R s e e SRR R g e
mHRC-Chsojersl desbeihadsitythmnetatnc esodeisinaizdis, Expetinentak
Results RAR antagonist treatment of enriched _populations alters _

e s AR e s e o ke
(c6RYSIVE @ 955riRremintRERNEROIYRRY N BREIRIM GHHHERSHIROTIRE

to determine retinoid receptor antagonist effects on the ex-vivo expansion

5 asepmeepadbyd ASEiBapabsisenriched cultures were initiated in the presence

of a iRati Ines wi ithout different 30, .. . .
conoLratcs SR B Aot Wb C BTN Resagls 46id
ret¥OROPARIBa I 7 aiTt k2004 /0602ES chAlainedlsmiter thenitialof total
S,ee_%in the percentage of cells bearing the CD34+ marker (considered
2] G oS CBTIRA 3d SHROR BETRY 2K S p A s
réelischealing bR Raikerskda3di Chidsans P LrDimpnsidered fad

represent the stem and early progenitor compartment) was s ascertained

10 C%Vm‘éyapéwéi@ﬁ&m@%ﬁ%s@wotgm%@'ﬁawﬁ)ﬁn rhureddnional
e R S e

num ytakiric-only treate
Codltureghiek ARrantagmisty treatmesrtabnphlatelyaholishebatiie ekpiession

of the.CD38 antigen aanLﬁ caoncurrently, significantly inhibited the
su%%% 18%%5 %88% jﬁ i e?@?%ﬁ](g)n associated antigens CD33,
CD14, CD15, CD4, CD3, CD19 and

15 Table 1
No. of cells
(x 10%) % 347cells |% 347/38 cells% 347 /Lin"cells
contﬁl (cytokines only)| 52 19.41 6.82 396
RAR antagonist, 107 M| 42 18.94 17.14 15.18
RAR antagonist, 10° Mi 52 19.59 716 11.91

In an additional set of experiments, the stem and early progenitor cell
subsets were measured following 2 weeks expansion from a re-selected CD34"
cell fraction. After two weeks in culture, CD34" cells were re-selected and

20 analyzed by FACS, as above, for the presence of the surface markers
CD34"CD38 and CD34'Lin” (Figure 2). RAR antagonist-treated cultures of
reselected CD34" cells revealed a 1000-fold increase in CD347CD38 and a
500-fold increase in CD34'Lin  surface expression. In marked contrast,

reselected control cultures treated with cytokines alone revealed only a 36-fold
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CD61, which was a totally unexpected phenomenon. Table 1 below
summarizes the data from the FACS analysis. 15 Table 1 No, of cells (x
104) % 34+cells % 34+738"cells % 34+/Lin-cell control (cytokines only)

woldlid4)h16.82 3.96 RAR antagonist, 10"5 M 42 18.94 17.14ckmd o B 15
antagonist, 10-6 M 52 19.59 17.16 11.91 In an additional set of

experiments, the stem and early prggenitor cell subsets were measured

' e QN re-sejec + ractiqn+After
o e A e s e o sen by
comp@Snastabovayifortitvepackeh cb i tre suifacenfaackens s€D 34pEBIRY,

d CD34+Liri (Fi 2)..RA t iSt- te ltures of reselected
S RO O m L B RHELD s e ans g
allinGRase.in B34 HikstfanBaxerassicuA 0 maskedisentistrraseleciad

control cultures treated with cytokines alone revealed only a 36-fold WO

marlsed jovggerpeT Mt digptadoBifernEation ekgimsien cptheompartment.
RATPIGECIS ik A LR ispANHON;eh AL Gpmearieians

Despite’t s in surface antigen expression, the total
dunung bidae of lnafideemd doliaiaupebedof IC D84l calis vims compalablthnt dik

cultures. These results indicate.that RAR antagonists preferably enable 5

o TG Spr%(fifélpa[tigﬁ‘f?e?%Rgalhﬁ?er%liﬁgﬁgf’} of théSteificdljore Mamse,

cotemipadmenis BAR, antagonists thus directly impact the high fold
expansion of these rare cells during the short-teér?é{gulture period. It could

alsoRdRoAEirEEH HaleRMEAItgONISIE Ui #1bt GRAY arRopydntipner alters
s ﬁﬁ%@ﬁ*ﬁﬁ&&m‘bmﬂ{&mtyéﬁmsgmﬁnm;ﬁzﬁ%%+z&&l@na%é;@ of cells

antagonist treatment of enriched CD34+ populations alters surface
wighkie dersidiider endinied phsrasiphirekuigrigrv lewdemrsambers of cells with a

o IR AR B AR MR
fraction with higher self-renewal ability, the effect of a limited, short-term (2-3
weeks) RAR antagonist culture treatment was tested on long-term expansion of
CD34" cells and subsets. Cultures were treated with RAR antagonists for the
first three weeks only and then incubated for an additional eight weeks in the
absence of the antagonist. In order to determine the effect of the antagonist on
short and long term expansion of CD34+ cells, representative samples were
taken from the cultures at the time intervals indicated (Figure 3), for re-
selection of CD34+ cells. CD34" surface expression was again determined by
FACS analysis following a positive selection step (Figure 5B). During the first
three weeks of incubation there were no significant differences between control
and RAR antagonist treated cultures in terms of the numbers of CD34 -bearing
cells. Following an additional eight weeks of incubation (week 11 of the
culture), the RAR antagonist pre-treated cultures revealed a continuous, long-
term increased expression of surface CD34+ antigen (Figure 3A) whereas no
CD34" cells could be detected in the control cultures. . A 92-fold increase in

expression was seen in RAR antagonist treated cultures between week three to
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fraction with higher self-renewal ability, the effect of a limited, short-term
(2-3 15 weeks) RAR antagonist culture treatment was tested on long-term
expansion of CD34+ cells and subsets. Cultures were treated with RAR

waniaganists for the first three weeks only and then incubateg-fgpatoso00215
additional eight weeks in the absence of the antagonist. In order to

determine the effect of the antagomigst on short and long teen expansion

el QDA £oliga { %@ﬁzgf.g’ VR R2GH V‘é%"rﬁg’g%g?ggﬁ ér?%gggg %%‘A%Lg%eat

the time intervals In Figure 3), for re- +ce
inBB34s cfliifacelexgsession was again determined by FACS analysis

oo ARl T e G e Ao R dRaBRECo s
v@m&%ﬁ&@mp@g%%‘%iﬁ@@t@mww[@%mmwﬁimrapfgﬁﬁgsf-cy After

CD34+-bearing ells. Following an additional eight weeks of incubation

EHRVBERP 1 P TEaIiTE)C FRIROIRAPRARLTRSE PR s enpdastitrelsrisvaest
inFgOIUIRYRUS, \ONG-JEIIIRGreaseR %ﬁ%ﬁéﬁi fa%é{{fag‘?u?eﬁ%%”’a%ﬁ%%%
lIs could be de in the

(Figure 3A) whereas ho CD34+ ce tecte ntrol
a oudtlees 3309840 Ctddase fxperpressiinweak sdevein RARdatadianishe
treated cultures between week three to WO 2004/078917.

R B004/000 215 W5 e E0Eh it 3RS BREFAoft of thf§0-Told

ineAMRAINTEDE OUCH Eghsiieenthe dniiaiRp O bie ltuie SokKBISSSIABObT
the CD34+CD38" and CD34+Lin" surface markers was verified in a highly

RpKrinatcopsutreatedralagshuansh thag oleconies). oolls insticates thatomly
u j trol g e -fald inc ej .
L T s
expgnderh dokee SB0-folthreD 34 hkircexiinessicrpawrek efester, 8allecksthe

after th rmination of the treatment with the antagonist, revealed a
A T TR B 0T 78 Etioh B UM oG e
arfelgoaipansici atA0RARIENtaganis IresiRaltures versus that of

control cells indicates that only the former enables a significant

contifudls AN RRABLIGRRSTERsH - c MY HEe BRI S 3 th Jer rAnsures. o
wRANURYREheXRANSIAN AL STP R Golin indha AbSanas Al RARR apiaganists A

indicates that even a relafively short pulse with the
marked long-term effect of the RAR antagonist was noticed at week 13 of
incubation, as is demonstrated in the results presented in Table 2 below. At
week 20, the RAR antagomist pre-treated cultures deteriorated and the cells
underwent normal differentiation, though in a slower kinetic that the control.
These results indicate that a one-week RAR antagonist treatment is sufficient
for dramatically modulating the proliferation ability of stem cells I ex-vivo

conditions as the RAR antagonist transiently potentiate stem cell proliferation

yet maintains their self-renewal ability.

Table 2
Treatment No. of CD34+ cells No. of CFU*103
Control (week 13) 0 0
Control (week 20) ‘ 0 0
RAR antagonist (10 ™ M) 10322 66355
{week 13) f
RAR antagonist (10 ™ M) 0 0
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antagonist is sufficient to modify stem cell responses. 15 In an additional
experiment, cultures were treated for one week only with cytokines only
(control) or with cytokines and the RAR antagonist. A marked long-term

woftasi pidhe RAR antagonist was noticed at week 13 of incgbagiipbedsds215
demonstrated in the results presented in Table 2 below. At week 20, the
RAR antagonist pre-treated culturgssdeteriorated and the cells 20

(Wlé@ngeﬁt normal diferentiation, thougn in a siower Kinetic mat e
= COIMroL " TTTESE s—dicate-thataomeweek-RAR &t liagw rsttreatmen
is sufficient for dramatically modulating the proliferation ability of stem

cellsTheekrived eRnliiionsis dheaRiARantronfisi@NsiRBIbINSeREHA R
stem cell proliferation yet maintains their self-renewal ability. 25 Table 2

anfagemiseit Nisther dpaaustairdNg . aotien expsrieshb oV ifkse it TS cigown
m&%&t—f%@v&%&% %ﬁgﬁéﬁ%ﬁ@mﬂﬂi Shi O A 31913%811

. G RENIER 53107
RAR antagonist M) 0 0 WO 2004/078917 PCT/1L 2004/000215 124

M(wieekd 2onithestimitéiteextenbled aeld prokifsetelt, proliferatibh lewabkadboyt

._the, RAR. antagonist is further demonst in another, eriment, where
LI R i i et D
wAGNIOASAO (30 SEramd. 4dimisoaiamiiied ¢ nrble dinelhpsoliienatons

R =

untjl 11 weeks post initial seeding of culture cells (Figure 4). CFU
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week, whereupon a precipitous decline in proliferation was evident, at

evigliiobedoint dediUlessdiffestmiaionco(Chitde foamity ebdénparbipptiad s shof
?J[ﬁmg ic éCFUI{orm'n aét%)%lit otential fl!fh cultur .Theseﬂresults,1
CUVhiEh deSErBEss nso%i%?% &vior ot gf)er?:ﬁ%e %?,‘%Vémeq Stem Cel's, namely

extensive proliferation followed by differentiation are in marked contrast to

previous reports that integration of a dominant negative retinoid receptor gene
sustain infinite proliferation, in other words, resulted in the creation of cell lines
(Muramatsu M, Biochem Biophys Res Commun 2001 Jul 27:285(4):891-6
“reversible integration of the dominant negative retinoid receptor gene for ex
vivo expansion of hematopoietic stem/progenitor cells), whereas in the present
invention, cells were fully capable of normal differentiation, following
extended ex-vivo proliferation.

A representative FACS chart plot of CD34" cells 2 and 11 weeks
following re-selection is shown in Figure 5. While control cultures expressed
markers for a more differentiated state, RAR antagonist treated samples
expressgd a less differentiated phenotype, as evidenced by the leftward shift in
expression profile. These findings indicated that although not lineage negative,
most of the CD34" cells derived from RAR antagonist treated cultures
expressed fewer lineage related surface markers.

RAR antagonist treatment of mononuclear cell populations expands a
population of cells with a less-differentiated phenotype

Mononuclear cell fractions cultured in the presence of RAR antagonists
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thisemmpareiresti.as 5 weeks post seeding, while control MNTCs had no

detectable CD34+ population, t R antagonist treated cultures revealed

significant numbers of CD34+ cells, %ﬁ?d those that were lineage marker

deficient. ThusE gpyriaeiory e1BRITAtest Bononsclear cells

2 weeks
Cytékines Cytokines +RAR
only antagonist 10° M
Ne of CD34 cells X 10* * 176 169
Ne of CD34"/Lin” X 107 * 1.76 132.5
% CD34/Lin 1 78.4
5 weeks

Cytokines | Cytokines +RAR

| only | antagonist 10°M
No of CD34 celis X 10%# 0 985
Ne of CD34™/Lin” X 107 * 0 ' 237.8

% CD34/Liny 0 | 24.1
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the MNC culture cells that suppress CD34+ cell survival in control
samples are insufficient to override the signal provided by the. RAR
antagonist to elaborate this compartment. 15 Ta_lble 3 Expgnsmn

wolsadsillai mononuclear cells 2 weeks Cytokines Cytoklp@@m%%gﬂz_ls
only antagonist 10-61t4i Ns of CD34 cells X 10" * 176 169 Ne _of CD34/Liri
X10'*1.76 132.5 CD34/Lin 1 781465 weeks Cytokines Cytokines +RAR

* Omiydatiagoenlse10.6 M N9 of CD34 cells X 104 * 0 985 Ns of CD34+/Liri
X104 * 0 237.8 % CD34/Liri 0 24.1 WO 2004/078917 ]
PCﬁﬁ%@&%ﬁ‘sﬁf%’wﬁfﬁlﬂ%@@Jaﬂ&“WRcaﬂﬁagbniﬂotmi&mwtg
He NG - ulture colony forming unit (LTC-CFUc) ability

¢ Demon?t}g‘tai% %?Egﬁ?:ﬁlture's ability to form colony forming units 5 (CFUS)

is arﬁﬂﬁ&ﬂﬁf}f?éimha‘r,firﬁvﬂk@%@’tﬁo@fﬁtyvéﬁfﬁﬂgnhequgelrfonﬂﬁ%tgrﬂits
itor: ith.a high, self-renewal .potential. Here it js
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angreatéy prqmmsion otitells/tithaa siffrrecléwah eapRGIEnSL. 1 Blere it is

id by of r---"-- , w Z the presence ol increasing numbers of CFU
el 4 S e 5t (GATARR P ADERE 0 g eromien

expeiktuitures e supplomentad vt 2 80mbination-of 4 cvikings, Flt3
TPO, IL-6 and IL-3, with and without varying
increasing numbers of CFU cells during the extended long-term culture period.

Long-term CD34" cell cultures were supplemented with a combination
of 4 cytokines, Flt3, TPO, IL-6 and IL-3, with and without varying
predetermined concentrations of the RAR antagonist AGN 194310. RAR
antagonist treatment of the cultures was for a limited period of three weeks or
was continuous during the entire culture period. The ability to form CFUs was
determined for long-term (6 weeks) cultures treated with 2 doses of the RAR
antagonist for a short pulse or continuously and was compared to control
samples treated with cytokines alone. Long-term cultures pulsed for the first 3
wecks with the antagonist revealed a 5-fold increase in CFU content as
compared to control cultures (Figures 6A and 6B, Enumeration of mix-colonies
indicated that control cultures did not contain any mix-colony forming unit
cells, whereas antagonist treated cultures contained a higher number of cells
with CFU-mix potential (Figure 7).

RAR anfagonist treatment enhances extended long-term culture
colony forming unit (LTC-CFUc) ability:

The ability to form CFUc was determined for extended long-term (8-10
week) cultures treated with the RAR antagonists, as well. The differences in
CFU content were significantly more pronounced during this culture period.
RAR antagonist treatment markedly increased CFUc content between week 6 to
10, as compared to control cultures, which lost the ébﬂity to regenerate cells

with CFU potential (Figures 6A and 6B) RAR antagonist pulse-treatment or
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predetermined concentrations of the RAR antagonist AGN 194310. RAR
antagonist treatment of the cultures was for a limited period of three
weeks or was continuous during the entire culture period. The ability to

wi@rmfids;was 15 determined for long-term (6 weeks) cultyesreateshoris
with 2 doses of the RAR antagonist for a short pulse or continuously and

was compared to control samplesireated with cytokines alone. Long-term

cofititures Rulgartionibrfitsl Tmeeks withihe antagonistevealad s Beinld

increase in CFU content as compared to control cultures (Figures 6A and
the mntEzemraabicdthaikiebrstitay 200ihicktedxheaniontrob cutdirgg gliceribt
contain any inix-colony forming unit cells, whereas antagonist treated
cultures contained a higher number of cells with CFU-mix potential
(Figure 7). RAR antagonist trEafdRINBances extended long-term

ltyre formi it ( -CFUc) ability; 25 The ability to form
SRS A e SE R M B b e
treated with the RAR antagopiste4aaswely The differences in CFU content

were significantly more pronounced during this culture period. RAR
antagonist treatment markedly increased CFUc content between week 6

to 10, as compar%&gp&{@é%}wﬁgz MhighJostdhe ability to regenerate
cells 30 with CFU potential (Figures 6A and 6B) RAR antagonist
pulséseiagintictitb £ W 2004 DR80T PR ILYRBO41000215 127

ConPHNTEAIAIL NEEaRR CRY sanlenthud i 196, Puise leaient

with the antagonist yie evel o IX contéar]i]tl, a5 Wel

(Higurd ookl LERGRAR BNEACONISTED AND Fhlt UGS NExh
-Xperimental Metho%s

DY e Hire e i A Betes B T B OETS
e T N R Qo mesh
sigygermekingrded)yidoabhama it MERnwecpresndd®i0SuMnd viability
was ascertained with trypan blue. Cells were plated in collagen-coated, 35 mm
tissue culture plates at a density of 4-x 10° live cells/ml in F12 media
(containing 15 mM Hepes, 0.1% glucose, 10 mM sodium bicarbonate,
100units/ml  penicillin-streptomycin, glutamine, 0.5 units/m! insulin, 7.5m
cg/ml hydrocortisone, and 10% fetal bovine serum). Medium was changed
after 12 hours, the cells were washed twice with phosphate buffered saline
(PBS) and new medium was added. Medium was changed twice a week.
Hepatocytes were also grown in the presence of Epidermal Growth
Factor (EGF),Platelet-Derived Growth Factor § chain (PDGF-BB),Fibroblast
growth Factors (FGF-4) and Hepatocyte Growth Factor (HGF), at 20-50 ng/ml
each, for the entire culturing period according to the method of Schwartz et al.
(Schwartz RE, Reyes M, Koodie L, Jiang Y, Blackstad M, Lund T, Lenvik T,
Johnson S, Hu WS, Verfaillie CM. Multipotent adult progenitor cells from
bone marrow differentiate into functional hepatocyte-like celisl. J Clin Invest.
2002; 109 (10): 1291-302). Hepatocytes were also grown in serum free

medium according to the method of Runge et al. (Runge D, Runge DM, Jager
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collagenase for 30 minutes at 37 'C, ground and passed through a 200 m
mesh sieve, yielding individual hepatocytes. Cells were washed twice and
viability 15 was ascertained with trypan blue. Cells were plated in

wephagamsepated, 35 nun tissue culture plates at a density opdrilfddslingais
cells/mlin F12 media (containing 15 mM Hepes, 0.1% glucose, 10 mM
sodium bicarbonate, 100units/ml pehicillin-streptomycin, glutamine, 0.5

Dyuriiisieekingtin, Béen Sglmithy KaraHisesr, Sndidietisial bevieesaran)-
Medium was changed 20 after 12 hours, the cells were washed twice with
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53Hepatocyte Growth Factor (HGF), at 20-50 ng/ml 25 each, for the entire
gUIturing period according to the method of Schwartz et al. (Schwartz RE,

Reyda M] k@Bl dboliangeti Blagkstpedlytddngh Trube A¥lkiTiiod@NESAN s3e
Hu WS, Verfaillie CM. Multipotent adult progenitor cells from bone
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medium according tothe method o Runge et al. (Runge D, Runge DM,
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de\%@fe@%’ﬁlﬁaﬁosgg? sg@ks.]geﬁé} L ABE TRIHBISE-AT BultarEaiigs nihagslls were
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liver-specific functions. Biochem Biophys Res Common. 2000; 269(1)7 46-
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were similarly grown for 2 weeks, split 1:2, and grown for an additional weelk,
then split 1:4 and similarly immunostained 4 days later.

Histelogic Characterization:

Hepatocytes and ex-vivo expanded cells were fixed in methanol directly
in their cell culture plates and each procedure performed by standard
procedures as outlined below.

The cellular uptake of organic anions by culture hepatocytes comnonly
use as markers of hepatocyte functionality, was studied by indocyanine green
(ICG) dye uptake. ICG (Sigma, Jerusalem, Israel)) was dissolved in DMEM
vielding a final concentration of 1 mg/ml (Yamada T, Yoshikawa M, Kanda S,
Kato Y, Nakajima Y, Ishizaka S, Tsunoda Y. In witro differentiation of
embryonic stem cells into hepatocyte-like cells identified by cellular uptake of
indocyanine green. Stem Cells. 2002; 20(2): 146—54).. Ten days cultured
hepatocytes were washed twice with PBS and incubated with 400 ul of the dye

for 15 minutes at 37 °C. Samples were then rinsed 3 times with PBS, and
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Murine hepatocyte cultures supplemented with EGF and HGF were
evaluated as primary cultures, or following first and second passages.

First passage cultures were grown for 2 weeks, split 1:2 and
winmunoséaned 8 days 15 later for the presence of albumin ras geapulbectis
below. Second passage cultures were similarly grown for 2 weeks, split

1:2, and grown for an additional wé&&k, then split 1:4 and similarly
visnsizmDstdiighd Midaysdater. Histologic Characterization: Hepatocytes and
ex-\&i%vo expanded cells were fixed in methanol directly 20 in their cell

culturé BIARS AL HrotRl HROBERYH P Sstshrd thGiseerir stoins
acoinfy eIt Gelplar yRIRKSBHOTGSIGABIONB IR D o) for 4
hepatocytes commonly use as markers of hepatocyte functibna n)y, was
migiighe dtbippidotsyapenetgiaewadied ) idybuffin kel G en(Sigrda planisal e,
1)) yvas dissolved in DMEM 25 yielding a final concentration of 1
Wgr%glgn (%fa%%%sdg%i %Ss%ﬁ?z?\glv%of\j/l, Kanda S, Kato Y, Nakajima Y, Ishizaka

S, TéumoreeXyvclidreiciHerentiation of embryonic stem cells into

hepatocyte-like cells identified by cellular uptake of indocyanine green.

Sterh SEIRCYEH 3 T8 @50 hob o8 cxpspssiays uttridaPFRIpIAATBS wadng 2
raWvasheddwics with BRS-aadincuhated with, 400.n, of the.dye 30 for 15 .

minutes at 37 C. Saniples weré then rinsed 3 times with PBS, an
thatery7Rady PEIT/ABR (a0 02n5:e1dd- ekl Shizned ByutighechieshssoSanta

-vivo, expanded cells and hepatocytes were stained with Giemsa stain,
Crg%dc\gv‘ﬁﬁggﬁg r%?gﬁﬁanctlﬁsr%lrgs%nﬁ%&i%ﬁ?%ﬂ%@oﬁ?@ﬁ&ﬁ WE 8PRel-
ICRinktesra; i) te@pityatiie, fashes indauien %@Iuﬁ?rf}@_rf&rnpmﬁaﬁ@égg

toclxemistiy

.5 asﬂ%g%é#\é&nes with rinse solution. I_rr]munopé/ K .

““ﬁngﬁv S e BRUBUasiciekprERsHN 1AL B R IS It PP udibigms,
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buffgrpakinsdy RSarfier 5 minutes and incubated with 1% bovine serum albumin

(BSA) in PBS for 10 minufes. Endogeneous peroxidases were inactivated by

incubation with peroxidase block (Envision, Dako, Carpinteria, CA) for 3
minutes, at room temperature. Cells were incubated with antibodies raised in
rabbit against mouse albumin (at a dilution of 1:100); or against Ca~fetof)rotein
(at a dilution of 1:25) for 30 minutes. Samples were then visualized for
peroxidase activity (via methods according to manufacturer’s instructions using
the Envision HRP-system (Dako, Carpinteria, CA), and counterstained with
hematoxylin (Dako, Carpinteria, CA).

Experimental Results
Pﬁmary cultures derived from 3 weeks old mouse livers, grown in media
in the absence of cytokines, were probed for the expression of hepatocyte-
specific markers including early development markers ‘like o-fetoprotein
(which is specific for less differentiated progenitor cells) and albumin which is

a marker for mature hepatocytes, following 3 weeks in culture. Cultured cells
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to Cruz, CA), and albumin using a rabbit antiserum to mouse albumin
(Cappel- ICN, Aurora, Ohio). Cells were fixed in methanol at -20 C for 10
minutes, rinsed with PBS for 5 minutes, and permeabilized with 0.1%

wihit@ns¥-69igma, Jerusalem Israel) in PBS for 5 minutes. The-GelSweigoz1s
then washed with Tris buffer saline (TB S) for 5 minutes and incubated

with 1% bovine serum albumin 15 (BGA) in PBS for 10 minutes.

stamelDgesieouly RRIOUERsE pHETSI IR SRIC Y pIReMBIFRRNVEYIAY and for
peroxidase block (Envision, Dako, Carpinteria, CA) for 5 minutes, at room
2l (i NeleRRApER: iRdiGaRRE hrHhsrrepseies farseiipralrAbbitenisst
1 Ihumi it 200); ' t-fatoprotei ta .
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using the Envision HRP-system (Dako, Carpinteria, CA), and
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culfurrs deyeal eshadmemperatetinalwdiny daesllddhetpostst sharkers dittor

cchdetopratein. fwhich is;spegific for less differentiated progenitor. cells) and
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albumin Wth?’] is' a marker Tor matuirlétﬁé:f)afloccayféis,%
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(FStaiQ%A ositively (red-brown precipitate) for a-fetoprotein (Figure 8A), and
for ambuthin (data not shown) indicating the presence of functional

hepatepytesyitaaaion abihe mieesidhe eaanseol shed0ia M me

retinoic acid antagonist resulted in an increase in the fraction of cells- that

abgestre@hednbElgsdPa & Tetskrotsmicat TRpEedd wliconndireplaieds The
ig hig,ingrea ignal the, proliferation of.early, .
Ceﬁ%pﬁﬁ:@t@eﬂg&&%ilar 5 g%%ﬁrﬁs?g s%ﬁ%g%tdthée‘éﬁ%ﬁs%l\é}ilel&egal%@gic
lmki@ﬁml iﬁﬁ@dﬁ@alﬁ@]l&tﬁ@@s@d hﬂer)] mw@n@gﬁm'dtmdmmgr@ a(iﬁﬂﬁﬁﬁﬁm)
~oval cells) in_cultures treated with the retinoic acid antagonist (Figure 9B
S R S R A R TR B EES "o e ppgially

in the absence of cytokines (Wick M, Koebe HG, Schildberg FW. New ways in
hepatocyte cultures: Cell immobilization techmque ALTEX. 1997; 14(2):51-56;
Hino H, Tateno C, Sato H, Yamasaki C, Kétayama S, Kohashi T, Aratani A,
Asahara T, Dobi K, Yoshizato K. A long-term culture of human hepatocytes
which show a high growth potential and express their differentiated
phenotypes. Biochem Biophys Res Commun. 1999 Mar 5 ;256(1):184-91;
Tateno C, Yoshizato K. Long-term cultivation of adult rat hepatocytes that
undergo multiple cell divisions and express nonmal parenchymal phenotypes.
Am J Pathol. 1996; 148(2): 383-92).

The supplementation of the culture media with growth factors in primary
hepatocyte cultures treated with RAR antagonist revealed similar resulis to
unsupplemented cultures, in that supplemented cultures stained positively for
the production of o-fetoprotein (Figure 10C), as compared to control cultures,

supplemented with growth factors, but deprived of the RAR antagonist, where
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Hepatocytes cultures grown in the presence of the antagonist and in the
absence of cytokines for 3 weeks were trypsinized, split, and replated.
The cells reattached to the culture plate and revealed typical hepatocytic
waatphetesy (Figure 9C), as opposed to previous data indicgipg, 2. alifigiadys
in 15 growing primary hepatocytes for extended periods of time in culture,
especially in the absence of cytokities (Wick M, Koebe HG, Schildberg
noFWiiewsisymin wepaseids:cdiuges Gebimmebilig mﬂz&e%{ﬁ&%ﬂg as
g %LTEX. 1%97; 14(2):51-56; Hino H, Tateno C, Sato H, Yamasaki C,”’
CLISHha Y REHMRR; FOTaAbIRR, REuREFOT, Dutsi KexbgibizatmKRAR
anl@Benter r&GILYr t ich show a high gro
%c?tential and exﬁ%i%ﬁgggggge%%&ghé%ﬁ%&?%% H%Fﬁ%éi@%%%e
ORbs Do anbiire 99pplemcBias of)widh o Fatertor adashizata i cient to

1
LNt ”8# ivation, of adul ragt#ie tocytes that undergo multiple cell
ex}d%%%%%n ﬁ%%’%?ﬁé‘éeéé‘r%@% ‘?‘fg | phenotypes. Am J Pathol.

1996 tAB(R); a&af9aﬁdzgexb@dsm@mg@nwicg}@meﬁ&&!&@ﬁ&&%ﬂ@éﬁ

rowth factors in primary_hepatocyte cultures treated with RAR antagonist

hepainaits Lotbes reuseviuiiad Joplbric akilit i persis thanbuppldménted
pasidiur e sialnen ROSUYSYYIRERE Ripelopgfadeloproteln (Fidure 406).

as com%ared to controf cultures, supplemented with grow FEPactors

(Figupiilé 8 bR isheourbiuliess (RIQu2004/87 8ickled the presence
: 215 131 noipn staining was evident (Figure I0OD).
G R M R A A e )
rewsaishedligibleiniBAR fasleg aTishHEated, (gl O8) Qﬁéﬂé@yﬁﬁé‘f&e
Ceﬁlﬁ){ﬁg{ﬁmented cultures (Figure | OB). Thus culture supplementation WII'E?]
g

¥ ors alone is insufficient to s expand a less-differentiated

cellglasdaiaepaly: iilasly, frst ages of growth
, fac,tor-supp?emezi:r%a(?l %ﬁ%@% ﬁ%%gg%vﬂg rcg %%L%ftesg % I'eéflv é i%}ﬁf}

dingépidysert At thersunberst passtagstes awitidactoresuppletnies @iltures
11PPR Anta istyreated. (Figure .%a treated control cultures
}?Iggureﬁlt%A) reve%ll%‘gt ga%?%sggi?géei?o](gf B?Eﬁ*ﬂﬁﬁ%%&?fo%féﬁ@? €
of griyvHAR¢tentaeppldtneasifiguiilel © aneHRe expanded and persistent
hepatocytes in culture. Only RAR antagonist treatment enabled expansion and

long-term culture of hepatocyte populations.

| EXAMPLE 3
RXR AND RAR+RXR ANTAGONISTS AND THEIR USE IN EX-VIVO
CELL EXPANSION

_ Material and Experimenial Methods
Synthesis of the RXR antagonist (2E, 4E, 6Z)-7-{3-propoxy-5,6,7,8-
tet‘mizydro~5,5',8,S—tetmmethyl-z-fmpkz‘halene~2—yl]-—3-mefkyiocta-—2,4,6—
trienoic acid] (LGN 100754):
The synthesis of LGN100754 was based on (i) Canan-Koch et al. J.
Med. Chem. 39, 17, 3229-3234 [reaction scheme, page 3231; and (ii) Synthetic
protocols from International Application No. PCT/US96/14876 (WO 97/12853)
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revealed a large number of islets of oval cells, indicative of a hepatocyte
stem cell population. Second passage growth factor-supplemented
cultures showed a marked diminishment in the number of hepatocytes

wevideni7gy control cultures (Figure 151 IE), as compared topRAR tieaiReh s
“cultures (Figure | IF), indicative of a failure of growth factor
supplementation alone to provide gzpanded and persistent hepatocytes

enifl6dIDiMONBRAR RIARONiSHITRMMEM ENIBIRIRXRANTRGAE: ALl
long-term culture of hepatocyte pogglations. 20 EXAMPLE 3 RXR AND

mAEARIE e RN FsINTamd- el PhErecsstiaNsHRCVIVO CELL
EXP, IQN Matefial and £ me letho nthesis of
Rx@q?éégc%\ist (2@45 665@%9&5132{!@%2% ??'3?%’ ARG 1 E3,4-
tettelrplirpanpbtB@eBdetraznethyl-2-zzaphthalene-2 yl]-3-rrtethylocta-2,4,6-

triengic acid] (LGN 100754); .The, synthesjs.of L GN10Q754 was based o
(i) Cana (-i}goc e e@.'gﬁ'egﬁ%’, ?%‘%ﬁgg 4%&8@%@#@#&
drpagraEe Hiasth(l) fSpnthetie B0NMPLqeosiiremieatipradrpicaton

.No. PCT/US96/14876 (WO 97/12853) WO 2004/078917
NiERREH PRGNS 1 5 I3 SRR THmE s efar & RyninwtesuIakbes btd-

profisihods for Theinlse, Al materials wate-puraharedirom Ligand.. .,
212 5 f CGLIVILIG,

b YN P ulﬂl\all’é"_ylj

harmaceuticals Iric. Synthesis o
added thHyiople (indoma grpaiathid- tpropmge kd18j4n dhmhatidoa pbiivadene as
Ph rys oxychloride (Q.234.grams, 0,142 ml, 1.5 l) was added
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917 8tetrdrc S4 4 ~t~ 1" 1'kt'le 71) }, 1, vpoxy-/, v, i,v -wu yv-/,/, u,
sobid JodivamiydragpsarhonsteethBioh ki aenisr o rbfgdashbpsridn)

pré@dbe HRRERRUHION-eHRAGIORD MB%%@I?}&] -1,1,4,4- tetramethyl-7-
propoxy-1,2,3,4-tetrahydronaphthalene), 0.128 grams, as an orange/brown oil.
A soluticn of the crude chloroenal in dioxane:water (3:2; 5 ml) was added to a
solution of NaOH (0.061 grams, 1.52 mmol) in dioxane: H,0 (3:2; 20 ml), at
80 °C, and the reaction mixture was stirred for 2 hours, to yield an orange
reaction solution. The reaction solution was cooled to room temperature,
poured into brine and extracted with EtOAc. The organic phase was dried
(MgS804), filtered, and concentrated to afford an orange oil which was purified
by radial chromatography (10:1 hexane:ethyl acetate) to give the product 6-
ethynyl-1,1,4,4,-tetramethyl-7-propoxy-1,2,3 4-tetrahydronaphthalene (39 %) as
a yellow oil ['"H-NMR (400MHz, CDCL): d 7.38(s, 1H, Ar-H), 6.76(s,1H, Ar-
H), 3.98 (t, J=6.6Hz, 2H, OCH;), 3.19 (s, 1H, CH),1.83 (m, 2H, CH,),1.66 (m,
2H, 2CH,),1.26 (s, 6H, 2CHj3),1.23 (s, 6H, 2CH,), 0.93 (1, }=7.4 Hz, 3H, CHs)].

Synthesis of 3-(3-propoxy-3,6,7,8-tetrahydro-5,5,8,8-
tetramethyinaphthalene-2-yl) propynenitrile:

Ethyl magnesiom bromide (3.33 ml of a 1.0 M solution in THF, 3.32
mmol) was added dropwise to a room temperature solution of the acetylene

ether (6-ethynyl-1,1,4,4,-tetramethyl-7-propoxy-1,2,3,4-tetrahydronaphthalene)
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10 heated to 60 C and was stirred for 12 hours. The obtained dark brown
solution was poured into ice water and the aqueous layer was adjusted to
pH 7 with solid sodium hydrogen carbonate. Ethyl acetate extraction

waffdedsthe crude product, the chloroenal PCT/AL2004/000215
(6-[I-hydroxy,2-chloro-ethenyl]-1,1,4,4- tetramethyl-7-
propoxy-1,2,3,4-tetrahydronaphthgakene), 0.128 grams, as an

(0.058ngrahtowB Ol I\ sOIEN Df the) Crude shlRrRenakin igxane watek
(3:2; 5 ml) was added to a solution of NaOH (0.061 grams, 1.52 mmol) in
for fidxeie A Eres: 90015 4N, P Bo R IR réhenvharaeaire(48 ereras,
r iel o) fion. T tiQ luti
O e e e ISP B
waE tOAenidielar gddit g Sehwas didd 2¢gS0a)tiiterad cadttd to room

by e e g S i By tlaion
Aqaawy%w,@m@tw-k@x@p%mﬁﬁré%@ﬁ(g@%@%@@ﬁm@

%) as a yellow oil [LH-NMR (400MHz, CDC 8(s, 1H, Ar-H),
affgrdeds 1H, & H), 3. 004Ech=6.6H7{3M3SceimMEhglE- mapC) 163, §m,
tetrably &bl 18810 23124, 20126 480 8H, 2GHAM 03 (35:0H12C1HH,
Cuo?“i.‘ 3¢, J=1.4 Héz, T Synthes‘ués ot/ SR B AR
(4080 BdrofdRg15)6 7 BadtisidroASs;HB, 87 (ariEthainBp hthale (e 2-glF Hz,

2 ST Bh ke Gl bk o Mo lin Gl

(s, 618, a0 BOSFRRBHZ, 3H, CH,).
(6-ethynyl-1,1,4,4,-tetramethyl-7-propoxy-1,2,3,4-tetrahydronaphthalene)
WOOH2I6/F 8007 PP IPToRa) éﬁ%—tfg@wﬂ%—é@%& 1.68mimdipin

naphtkdide )yl b SRORWRS heated to reflux for 6 hours and then

cooled to room temperature. Phenyl cyanate (0.40 grams, 0.50 ml, 3.33

mmél) Nezee adidrd faslatyes tareattoihsolstirennditte whper@psodide

tinued far,additional 2 .J he reaction solution was cooled to room
' )
O BT SR LR SR T crbFaet 0
undalutiongahaeespioekup/fatew st mniadialchiomatograply solution in
h%ZO: hexanes:E{OAc) afforded the product .
et ];( Jg%

B HEtah Sty SiirEpdiaREIacT 18- §ive. 2 ditbnriess spfasion.  The
solution was cooled to -78 °C and afforded a vyellow/brown color. The
acetylene nitrile 3-(5,5,8,8-tetramethyl-3-propoxy-3,6,7,8-
tetrahydronaphthalene-2-yl)propionitrile (0.040 grams, 0.135 mmol) in THF
(3.0 ml) was added dropwise and the solution was stirred at -78 °C for 45
minutes and then quenched with methanol (5 ml). An aqueous workup
afforded the cis-alkene nitrile 3-(3-propoxy-5,5,8,8,-tetramethyl-5,6,7,8-
tetrahydro-naphthalene-2-ylbut-2-enenitrile (97 %) as a yellow oil; 'H-NMR
(4OGMHZ, CDCL): d 7.19 (s, 1H, Ar-H), 6.78 (s, 1H, Ar-H), 535 (s, 1H,
olefinic), 3.92 (t, J=6.4Hz, 2H, OCH,), 2.27 (s, 3H, CHj), 1.79 (m, 2H, CH,),
1.67 (s, 2H, 2CHy), 1.28 (s, 6H, 2CH;), 1.27 (s, 6H, 2CH,), 1.02 (t, J=7.4 Hz,
3H, CH,).

Synthesis of (2E, 4E, 6Z)-7-3[-propoxy-5,6,7,8-tetrahydro-5,5,8,8-
tetramethyt-2-naphthalene-2-ylf-3-methylocta-2,4, 6-trienoic acidf:
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p,rn / 1Lu-n SOLn iia, . 1rs-NTvii. cuanyutuuapituiaicu- -y,/-piupyneiuuuu
uu (400MHz, CDC13): d 7.44 (s, IH, Ar-H), 6.78 (s, IH, Ar-H), 3.97 (t,
J=6.5Hz, 10 2H, OCH2), 1.83 (m, 2H, CH2), 1.67 (in, 2H, 2CH2), 1.27 (s,

weho#lert3)y 1.24 (s, 6H, 2CHB3), 1.03 (t, J=7.3Hz, 3H, CH3)pSymth&siseatis
3-(3propoxy-.5,5,8,8,-tetramethyl-5,6,7,8- tetrahydro- zzaphthalezze-2
yl)but-2-enenitrile: A flame dried flagk was charged with a suspension of

CcopREtdhiRER kR @Rk URMHR: SA D BhHbIEH %ﬁ@ H@ndl 08 var

mixture was stirred at 0 C under nitrogen atmosphere. Methyl Jithium
wa dmrgedf withd M solution inf etHerpoopos ol SvdsteaidetivrofyiiSeSo
ive a colorless solutjon. The ,solution.was .cooled to,-78 C and afforded.a
R S

toldet Y Shilietremeil iharP iRy 10,6,738°20 DIBAL (3.71 ml of a 1.0 M
tetrahydronaphthalene-2-yl)propionitrile (0.040 grains, 0.135 mmol) in

solpfien [ tPhpPRad 6 daeed ropaskleh dupRvastiibh as itk Srasotetion
: _ i N A _
A SR B St cnahanel o AR i

poB@propoayats % 8] 8t ivatid ety kadbyaBued to room temperature over 30
tetrahydro-naphthalene-2-yl)but-2-enenitrile (97 %) as g yellow oil;
e 56 ADORHP P TS (4 AN Mo Rt . sk

with3BGALH3 Qlafinie) 3. 9% ¢t cdnthifdd, SaC Br R T erdkaiad) v 9
(in, 2H, CH2, 1.67 (s, 2H, 2CH2), 1.28 (s, 6H, 2CH3), 1.27 (s, 6H, 2CH3),
wateyapd peing dpicdBsodig) selfptpbdidtere@mmEsoncentrated to give the

O oyl 0 naphete e DO % o ey S W T e oo
12pb04IeT831TBET2He2AD 40P Fovi 341A LN Do tte0ted sk @ igped
o R R A AT e R B
J=tetraiydrernapithig e sd-yi)- ut2-enemitlecaddyc inchexasigs ¢eiml) agd
I TR DA R e
(t, 1=7.4 Hz, 3H, CH;).

A flame-dried round-bottomed flask equipped Wiiﬁ a nitrogen bubbler,
septa, and a stir bar was then charged with a solution of diethvl 3—
¢thoxycarbonyl-2-methyl-prop-2-enyl phosphonate (0.417 grams, 1.58 mmol,
039 m in THF (2.0 ml) and 1,3-Dimethyl-3,4,5,6-tetrahydro-2(1H)-
pyrimidinone (DMPU, 0.7 ml). The solution was cooled to =78 °C, and n-butyl
lithium {0.96 ml of a 1.5 M solution in hexanes, 1.44 mmol) was added drop-
wise via a syringe. The reaction mixture was warmed to 0 °C and stirred for 15
minutes._ The resulting solution was then cooled to -78 °C and cis-3-(3-
propoxy-3,5,8,8-tetramethyl-5,6,7,8-tetrahydro-naphthalene-2-yl)but-2-enal
(1.31 mmol) was added dropwise via cannula. The solution was warmed to
ambient temperature. After stirring for 1.5 hours, the reaction was quenched

with water (15 ml), and the aqueous layer was extracted with EtOAc¢ (3 x 10

ml). The combined organic layers were washed with aqueous CuSQ,, water,
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5 solution in toluene, 5.6 mmol) was added dropwise via syringe to the
solution which was then stirred for 1.5 hour at -78 C, quenched with
agueous sodium potassium tartarate solution (10 ml) and warmed to
wiponuiemperature over 30 minutes. The aqueous layer wasegiditied (do®is
ivi HCI to pH=4) and extracted with EtOAc (3 x 10 ml). The combined
organic extracts were washed with!36 water and brine, dried (sodium

anstitfeite), dittedetdandodimeenitated fotgive, thed cisredsenybd to give a crude

-3 xy-5,5,8.8-tetramethyl-5,6,7,8-tetrahydro-
e éip A ¢ 3 SR b A YR 266 PrisromtysR-d

naPRB{Rnd=B A HZn b GHO)-6.9% (BidbiAtukYy S0 (idH q/ﬁggﬁl&dé Q865

J=8.4 Hz, 1H, olefinic), 3.90 (t, J=6.5 Hz, 2H OCH2),2.29 (s,
wesHzyorered withoKOBHexcessB (s, methagiizy, mb @, ﬁlﬂﬂiﬁﬁﬁﬁ)eﬂaﬁﬁe

CH3 fI -dried d-bo
flag%églqupe i %?l\éf Hihg é IﬁﬁJbble}rle ggﬁ’ta aing% g%fel%éfq%]éesdtﬁé ted

withasgée! (it mlsoanﬁouhmqw@w Japihogcaronid Wt BAIRN2-ens
ho onat%§1 17 grams, 1.58 mmol, 20 0.39 ml) in THE (2.0 ml) and
595 B R AHGIFES TR Wﬁ}?ﬁdiﬁﬁhe“(@fﬁn POddvingl) dmﬁé

f’“@@ |bﬁ;ll($iﬂ\4\/@ *%QQLE fofezf8&ie@ nqu L%ylu y 1A Qx‘gpn% EL\JP{ ?0110

solution in hexanes, 1.44 mmo1) was added drop- wise via a nge

DY RHSRIFRH Rt PR alEd to @nzearﬁ'a%tlﬁé’d f@ZIEB mmmmcyﬁas 7, 8»

te%%%%% 555?5&‘8é gr}[fét%%%lnet yC%%jﬁ)éBte Fah riﬂr? X ﬁtél% JifstHenga
acid(1a8®h mﬂmb)elﬂ{aw adtlégerepwigelvia van mwke(agmmwmgm gd

for 1.5 hours, the reaction was

ft
o el e o s, el

s o e R T 055 T 2,
O%fira}e A durdbr SBelu Kultatd Hilt2 e, aha’icﬁnnd&itréiﬁg);d gisg s 4H,

el %éett%mefhﬁﬁhz r %%gafl é%g%ﬁff% Zﬁ}h h%/g‘gg%k 85ri&ridie acid

ethyﬁgswmsh eftridefosier RN hyerohyzen WIthiKObL (eXCess) dityl-2, 5-
Hcg.nuez;[zh 3”9'1@&! )laég-gﬁg%izt g}?oe r%ugje [1.4] dmzepm-]lwyl) Benzoic acid
[designared HX 53]]:

Synthesis of the RAR+RXR antagonist HX531 was accomphlished based
on the procedure described by Masyuki Ebisawa et al., Chem. Pharm. Bull.,
47(12): 1778-1786 (1999).

Synthesis of 2,5-Dimethyi-2,5-hexanediol:

Solutions of hydrogen peroxide (1.05 moles) and ferrous sulfate {1 mole
and 1 mole of sulfuric acid) were added simultaneously and equivalently to an
aqueous solution of t-butyl alcohol (285 ml or 3 moles in 800 ml of water
containing 23 ml of sulfuric acid) at 30 °C. A 36 % yield of semi-solid product
possessing a camphor-like odor was thereby isolated. The 2,5-dimethyl-2,5-
hexanediol product was purified by drying and recrystallization (EtOAc)
(melting point (mp): 85-87 °C).

Synthesis of 2,5-dichloro-2,5-dimethylhexane:
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5 and quenched with 1 M HC1 (5 ml). The solution was concentrated,
diluted with water (10 ml) and the agueous layer was extracted with
EtOAc (3 x 15 ml). The combined organic layers were washed with water

w3shdiings@ried over 1~?a.COy filtered, concertrated, purifigdhy fadialeas
chromatography followed by preparative silica gel TLC to give (2E, 4E,

6Z)-7-3[-propoxy-5,6,7,8 lo tetrahydn-

5,5,8 Batetrpiriaidlylw 3}@;@{3 -yl- - } ' i
as a pale yellow syoli(?;@r?feg 177-?7%%9 ET%%%%%%%%Q%%) d’ldét
alg §eed FemrJAs: 6269, (4 9PFI A SPiensthided, tmaetlodHZ3 IHgrams,

0 SERY S An ST SENG Ak (S e, B

intielzy, Ho6® gensbiisimizairPhrachtitacblt 2EHB), dra3aHineHra&idd) Thel
J=7.4Hz, 3H, CH3 s of the FEAR+R antagonist 4[5H-2,3-(2,5

. hesi
P oL o oI M PPt et 26y
EBpozaicncisk [desigentes: FRIRAL: Syothesisof the RARTEBXR, \nm.

antagonist HX531 was accomplished based 20 on the pfocedure
SPEELEMRRIBY B RIseEBisahis Tt wins Crmsystaliaed fBut. paTéid)m ether
il - 168642999). Synthesis 0f.2,5-Dintetliyl-2,5-hexanediol: Solutions of
(rﬂ]p;drog§n pog%;{))%fdée’%"fﬁ'gl r%rgle%)) and ?égr}%%%’*gﬂffate (1 mole and 1 mole of
sulfufgleadiswere addedegimultaneousiypapgh 8O N 3]20UY-4@ A02P 1,4, 4-
- Ta[VTolVE goléti nlof t-butyl alcohol (285 rill or 3 moles in 800 ml of water
contalrr]ngaf F&f&turic acid) at 30 C. A 36 % yield of semi-solid

prodice(iossessiing-» SRMRIIORHKE 8 herebyisolaied, The
2,5-dimethyl-2,5- hexanediol product %%E%iﬁed by drying an%Ilgl reflux

COPKRSa MR HEROAEN Fresiaoponttrap)oBS:8E 199 Symtledis o)
an%é%i@%%}fﬁ%? 1'555?1]'11@%;4{69 ?ﬁﬁﬁ#&i@\%ﬁf&%ﬁpl%ﬁ& a@ﬂ%l\)/iodgly
&Qj@gg@@é@%ﬂﬁﬂl—hﬂﬁ allp@ienn Beloridd (243, F999; 10.9 mmol) was
e T2 s 00 Do St i
for 10-15 minutes at room temperature, the reaction was poured into ice water
(30 ml) and the layers were separated. The aqueous layer was extracted with
EtOAc (5 x 20 ml). The combined organic layer was washed with water and
brine, dried over sodium sulfate, filtered, and concentrated, to vield a 6-bromo-
1,2,3 4-tetrahydro- 1,1 A,4-tetramethylnaphthalene product.

A mixture of 6-bromo-1,2,3 4-tetrahydro-1,1,4,4-
tetramethylnaphthalene (30 grams, 110 mmol), potassium carbonate (56.1
grams, 41 mmol) and copper iodide (4.53 grams) in o-xylene (300 ml) was
heated at 150 °C for 14 hours. After removal of the solvent, the residﬁe was
purified by silica gel column chromatography (FtOAc:n-hexane 1:100) to vield
the product 2-nitro -1-amino-[1,2,3 4-tetrahydro-1,1,4,4-
tetramethylnaphthalenej-benzene as red plates (n-hexane) (36.09 grams, 82 %
yield of title product, mp: 118 °C].

A solution of 2-nitro-1-amino-{1,2,3 A-tetrahydro-1,1,4.4-
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initially homogeneous mixture precipitated to yield a crystalline product.
The s product was extracted with 600 ml of petroleum ether and dried with
CaC12. Evaporation of the solvent yielded 81.9 grams (89 %) of an NMR-
wspeowoaapically pure solid, which was recrystallized from petratesm;anoz1s
ether (mp: 68 68.5 C) as 2,5-dichloro-2,5-d,inethyihiexane. Synthesis of
6-bronzo-1,2,3,4-tetrahydro-1,1,4,#710 tetrwnethylnaphthalene: A 200 ml

tergmaibbbrepiibal faskequmpe GA0the st HanandiR [fDXEONdERSFrHES

R R R L s S o N ([ ) anc

thelintiloroenetana (R0 ) 30 L) ehiek [ywas
is added to the solution slowlﬁ)%‘(;mtijl sponﬁe%ﬁi%ggﬁg}igtgﬁwﬁg}ﬁg

(0 SyirHgEndr a0 tignaliteingt fefom heripersfisrerame vehotichanas ot ek

Jnigd ( ) t rs were separated. The aqueous layer
s ot v EXOAE (B0 o LR L A D e wie
orgaash deywithvasaresshnd withey adedmy erisedinnd sulfateibiteses: MO0,

ntrated, to yield a 6-gromo- 20 1,2,3,4-tetrahydro- )
Re%ﬁig,& ,4-t5§[rez‘tign€1:e a;l/r%%h En e rodlictEA miguFE Sr 6 1RsiNE- 2-nitro-1-

mdigGriterbhydio-driiddoetianelaiaaphibaions G0 Hrams, 1190 (543
ramol), potassium carbonate (56.1 grams, 41 mmol) and copper iodide
m% .53 grains) in o-xylene (300 ml) was heated at 150 C for 14 hours. After

removatef h é%’ﬂbe“ idue 2 rified by silica ge] column
chror::gtk(g?g(jf)rgp?rrs%(ll tOAc:n-E%%gﬁ%gt%%g}&ié&%ﬁ% ?%%Yg-nitro
naphihﬁhm@}pf;zi@,m-féﬁag%g;dm:imeépm?meth%dn?a?m&egm-bﬁeagf?gs
n-hexane : rams, 82 % yield of title product, mp:
o e RO e A ool oo o s Afer
ﬁl@mwﬂ%maﬁwtawdm,@e%éﬁd@&%@@}%&ﬁ%ga@{&i-&?f%%%e
sion of Na

(500.mg, 1,54 mmcl) in DMF (10 ml) was added to a suspe H
geké@%ﬁ%@fﬁaﬁﬁ%f MSIFFHEDMFHE)P% et threminiat (F S ol stinrytifor

1,130 minwardRiowsdhv addiion lraetay iegdide,

Terephthalic acid monomethyl ester chloride (381 mg, 1.91 mmol) was
added to a solution of 2-a.min0—1-methy1amino—[1,2,3,4-tetrahydro— 1,1,4,4-
tetramethyl-naphthalene]benzene (420 mg, 1.3 mmol) in benzene (10 ml) and
pyridine (2 ml). The mixture was stirred for 4 hours, then poured into 2N
hydrochloric acid, and extracted with EtOA¢. The organic layer was dried and
was then purified over silica-gel (FtOAc:n-hexane i:8) to give the product 2-
[amido-4-benzoic  acid methyl-ester]-1-methyl-amino[1,2,3 A-tetrahydro-
1,1,4,4-tetramethyl-naphthalene]-Benzene (631 mg).

A solution of 2-[amido-4-benzoic acid methyl-ester]-1- methyl-
amino{1,2,3 4-tetrahydro-1,1 4 4-tetramethyl-naphthalene]-Benzene (630 mg,
1.30 mmol) in dichloromethane was added to polyphosphoric acid (6.0 grams)
and the mixture was heated at 110 °C for 18 hours. After cooling, water was
added to the reaction and the product was extracted with dichloromethane. The
organic layer was washed with brine, dried over magnesium suifate, and

cvaporated. The residue was purified by silica-gel columin chromatography
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(0.5 nil) and additional stirring for 1 hour. After removal of the solvent, the
5 residue was taken up in water, and was extracted with dichloromethane.
The organic layer was washed with water and brine, and was dried over
wdaR@Pdsfremoval of the solvent under vacuum gave a crugg-phe9dstatoooz1s
2-nitro-I- methylamino-[1 2;3,4-tetrahydl _1 1 4 4 tetrame
hyl-naphthalene]be"zene (543 mg3g10 2-Nitro- | -methylamino-[

(E‘é@%@zﬂsﬁ@%ﬁé’df%’)l’t%’%i@tfﬁ@ﬁpa}ﬁhd?a@-'ﬁ?ﬁiSB‘-@i%%ﬂéﬁ%e 24P 1

- 1.53 mmcl) was dissolved in 20 ml of ethanol, and was hydrogenate

- estevkl T0cih denyinglCoR AL {56 ralydor 1 hbdr texftenefiybtiphthnttneidoval of

o olven residue was chromatographed on silica gel
mt%é% g:n?lg’(lag(}aF S 18 1o give 2-amino-l-methylanno-[1,2,3,4-tetrahydro 15

1,1, K3 wiraroethy|-tephthalelclheszetiasdhe RiGuch herephihalis.4-
acid monomethyl ester chloride (381 mg, 1.91 mmol) was added to a

beR&ifion WY _arhfY mefiTEhinsghdanneliahydrictabulm!,  1,4,4-
retigirRengihinantihalenalbendans (30 Mg 13nmeli Benzerg:10.m)

and pyridine (2 nil). The mixture was stirred for 4 hours, then poured into
(12rpDoehyhféshidfitendid, lndshractertwithvEOpanhdioganiciayeravds

exdried and .was then purified over silica-gel (EtOAc:n-hexane 1:8) to give.
sleditiite iR beon el kg

€ produc ari

with tENaKyHI00, Ivéidr teitemrihyimaphtipiree] ene @3 leMPhAtion,

solution of 2-[amido-4-benzoic acid methyl-ester|-1- methyl- 25 amino[

theyresilye straayaiEed by slkige aahselnpin téﬁﬁlpéﬁﬁgéaé%@b@ﬁgge
1:8h-3Qgnmglein dichigrometkgne was addedd rl?ﬁ’,'é’%%%gﬁ?gicf—%%ﬁgﬂ&

_grams) and the mixture was heated at 110 C for 1 After coaling,
nitgpaEbenzes [adddd 4 thezepiotibh s dhtreqred (Htvagexfattes) viitld the

ichlo e;..he_qrganic layer was washed with brine, dried over.
pr(?nd%%{n é%%&%%@fa(tgedf anr%ég) BC?lgvhléSp ATy .u?\ﬁe‘?@ﬁicm'éswg?%% HREEHyPasic
cosditarge| 06 MaDIEMOmBtegfapby$¥vO 2004/078917 PCT/IL2004/000215
c;n-hexane 1:6) to yield the product 2-[amido-4-benzoic acid

et LN 1 ot O S AN i) eyl -
nitkelib AR yRIBEINVINARRIRILIE Y benzoic acid:

A solution of  (5H-2,3-(2,5-dimethyl-2,5-hexano)-5-methyi-§-
nitrobenzo(b,e}{1,4}diazepin-11-yl}benzoic acid methy! ester (84 mg) in ethanol
(4 ml) and 2N NaOH (2 ml) was stirred at room temperature for 2 hours. The
mixture was poured into 2N hydrochloric acid, and extracted with
dichloromethane. The organic layer was washed with brine, and dried over
magnesium sulfate. After evaporation, the crude product was purified by silica
gel column chromatography (dichloromethanermethanol 20:1, then §:1) to give
the product 4-(5H-2,3-(2,5-dimethyl-2 5-hexano)-5-methyl-8-nitrodibenzo [b,e]
[1,4] diazepin-11-y1) benzoic acid, or HX531.

RXR, RAR and RAR+RXR antagonists supplementation of ex-vivo
hematopoietic stem/progenitor cell cultures:

Cultures were prepared and maintained as described above. RXR, RAR,
or RAR+RXR antagonists were added to some culfures at concentrations

ranging from 10° M w0 107 M (100 uM to 107 M] concentrations
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nitrobenzene (104 grams). KNO3 (73 mg, 0.72 mmol) was added to a
solution of 2-[amido-4- 5 benzoic acid methyl
ester]-1-methylamino[1,2,3,4-tetrahydrol, 1,4,4-
wsUameikyhaphthalenel4-nitrobenzene (200 mg, 0.44 mmopip, sUtilitho1s
acid (12 nil) at 0 C. After 2.5 hours, the mixture was poured into ice water
and extracted with dichiorornethams: The organic layer was washed
cavasReRIMalY (WIHNNa RGO Wateragd BE8E. %%ﬂ qpe .P%’%Erﬁ'\{]i?.s%e

' After evaporation, 10 the residue was purified by'sflica gel €0

ATHRZER S otR BHGIE fone predstameine®) imiid twethydriod, for up to three
- A-(5H-2.3-(2 5-di I-2,5-hexano)- 5-methyl-8: nitrodibenzo [b,e] [1,4]
wisld %&gn@ﬁl%o%gf My ng(?% e%%é{eg%%p%boﬂﬁ

diazepin-11-y zoate e product recovered (84

mg). Ahisthempousdimasiiidiiyy atbuogeslbaste CendiionT62bktion and
follows; 15 Synthesis of .
%a&&}l%@%%hwﬂsgﬁw&ﬂbéaﬂof{@ﬁ}élplﬁﬂ?x'

vidipzapimnbion enzeis acids A sl -
5;2% _(2’%(1%%?&@%}3_??_ $§%g§%nm%%ﬁy _Iéc_)logzcal assessment, surface

ARiEFhAdysie)| [ HaRniaresion |9A]ddn2éicaadidotiethyi @steoi8iktiegrrker

e&ihangl, (@mand 2N NaOH (2 mh was stirred at room temperature for 2

b%ﬁ%éﬁiﬁéﬁ&%ﬁ e W 58%%“%%?8 2 lﬁ‘hYchE‘émEdﬁt’: B FsgRged m the

exgpemactath witbthdidh lerotos bdbeanipie orgasie layer was washed with
brine, and dried over magnesium sulfate. After evaporation, the crude
product was purified by silica gel column chromatography

(dichloromethane:methar]g{agg;gﬂm%&Q&g&give the product
4-(5H-2,3-(2,5-dimethyl-2,5-hexano)-5-methyl-8-nitrodibenzo [b,e] 25
[1,4] CRABRHHRLY ¢ Bt i el B KR xewr) JRAR: R carrtd JRARESRIXR a

coPBBRRNINS BUDPIE MENRNGN Of,£X-VIN0 atopoietic stent/progenitor
cell cuItU(estuItures were prep%%wdyaﬁ %r?fﬁtglgngﬂ’%g%%%% %d’gﬁ%\’/é.
engd Yrogmrpiror 6elRAR €RMR<antagonists were added to some cultures at

concematong e 0o REE P 2bAion s AR BSpofing
comidilating odnéentralines (TRESFOTE 1 0-455ed 31 Bhewith and without
different concentrations of the following antagonists: (1) a retinoic acid receptor
(RAR) antagonist AGN 194310, (ii) a retinoic X receptor (RXR) antagonist
LGD 100754 and (iii) a combination of the RAR antagonist AGN 194310 and
the RXR antagonist LGD 100754. Three and five weeks after the initial
seeding, the percentage of cells bearing the CD34" marker (considered to be
mostly committed progenitor cells), as well as the percentage of cells bearing
the markers CD347/CD38" and CD34'Lin" (considered to represent the stem
and early progenitor compartment) were ascertained by FACS analysis.

The data obtained from cell population counts, CFU counts and FACS
analyses are illustrated in Figures 12a-b and 13a-e. The results show that while
the RXR antagonist has no activity and the RAR antagonist exerts moderate
activity when supplemented to the culture media at a concentration of 107 M
and along with the cytokine IL-3 (cell-differentiation accelerator), treatment
with the combination of RAR and RXR antagonists resulted in substantially



antagonist was added for a predetermined, limited time period, for up to
three weeks or continuously during the entire culture period. All other
procedures including mononuclear cell fraction collection and 5
wourifigatien; purification of CD34+ cells from mononuclear cel-fiaciieNsoo21s

ex- vivo expansion of CD34+1" populations, morphological assessment,
surface antigen analysis, determirétion of CD34 and other hematopoietic

higharkerdisefeRpressiisahdetrll pumAaTen edisylatib CDIErE ¢ardersods
as described in the experimental methods section of Example 1 above.

compepsehBiith dheA REN IS A arbe- dhe &4 6f rUEORRRIgAEment, and
| mew-%%mmgﬁ@m 3 RAMPINAHOMLAIRAR AN RKRANAYGISES
on the ex vivo expansion. of stern and progenitor cells in culture: 15
antEGRRdstscetixenschedsynlitgssiovestitnitiated iththegpresbrcecapansion  of
cambination of 4 cytokines (TPO, FLT3, IL-6 and IL-3), with and without
3 ‘ S,teﬂ%’éf)gr?fl%ﬁggﬂfrations of the following antagonists: (i) a retinoic acid

recgpteh 4RARIANGGRREINENDI4326L (EacieiinoitX e cepto iR ¥R
antagonist LGD 100754 and (iiij) a combination of the RAR antagonist

in He REESRRSECPARucomiBaR YR HritaGBRIEREs O 10 754 rted 04 fled):
witlegks afientheqnitiah seqding .theparcentaasaf gells headpgithe Sl

marker (considered to be mostly committed progenitor cells), as well as

retiheiperiéntadjectinoil|XbisaeptgrihélMaMe B33 )C 338 lavels of CFU

£Lin" (considered to represent the stem and early, progenjtor ..
0 e SR By e e T TR IR SErsimes
ThresulelldTabislatiperiasint s-EdihapuirnsdandlEAE $ bahalyses are
illustrated in Figures 12a-b and 13a-e. The results show that while the
RXR antagonist has no activity and the RAR antagonist exerts moderate

activity when supplemented to thg;gidlipire media at a concentration of

10-7 M_and along with the cytokine IL.-3 (cell-differentiation accelerator)
treatment 30 with the combination of RAR jarREXR B itagunists Bsiite
in substantially Wﬁo&%@ aniég'(l)'/ y‘} ;)04/000%}&5_ 531 (10°M)
Time after seeding| '
(weeks) | CFU (x10°) | CD34" (x10%! CFU (x10%) | CD34" (x10%)
1920(120
3 2256 181 mixed) 167
5 1338 46 8542 1636
9 307 0 36557 4977
11 0 0 67338 4055
15 These results indicate that the RAR+RXR antagonist preferably enables

marked proliferaﬁon, yet limited differentiation of the stem cell compartment,
thus directly impact the high fold expansion of stem/progenitor cells during

short- and long-term culture period.

20 EXAMPLE 4
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140 higher levels of CFU, CD34} cells, CD34+/38- cells, and CD34+/Lin
cells, as compared with the control (cytokines only), the RAR antagonist
treatment, and the RXR antagonist treatment. Clearly, the combination of

wBAR. AP RXR antagonists exerts a synergistic effect on the- g4V 000215
expansion of s stenllprogenitor cells. In an additional experiment, CD34+

cell enriched cultures were initiate@!in the presence of a combination of 4

cytaEinan 4P Of Fbd JiMarbiandl \ke@paity PR ShgbHisrRe AFARXR-
taganist $7;. S31 (i.e, antagonist to both retinoic acid and retinoic X
( 0%12%&-§§%b3%cmizm\/v=4ss>. The levels of CFU 10 and CD34+ cells
werg deteringdiRe fod-anskil-yrekafter ngﬂti?b%e@i@?rzﬂﬁ%,zs-
ow.

results of this experiment are summarized in Table 4 bel able 4

TackoaR FRX ReANTRGTIST AC GIRTREL (5 ikimok )4 a5 A ChorsT

B R SRS B Tey it e Uae
pr@6857e4977 11 0 0 67338 4055 15 These results indicate that the

' b, bl ked proliferation, yet limited

R e

fold Bxpansipmel-siemproganior celsduring )\ sherd: aneklang8ifoen, a

N e A B ket Al i Ak LV A} AmA LA T o Sk

culture period. 20 EXAMPLE 4 WO 2004/078917 PCT/IL2004/000215
SO&!&lPIS@Etﬁb@I&’bbfﬁ@M@amﬁ o} estberor v Bidedrdagorise1 A acasion

mitR 4RS RErd AP Bmplete dissolution of the lithium was achieved. A
solution of methylene iodide in ether was prepared under a stream of argon and
was cooled to - 78 °C. The phenyl lithium solution was added dropwise to this
solution by a syringe during 0.5 hour, and a solution of methyl (R)-(+)-3-
bromo-2-methylpropionate in ether (5 mi) was then added thereto. The reaction
mixture was stirred overnight at 25 °C. DMSO (7 ml) was then added and the
ether was evaporated. The reaction mixture was stirred overnight at 100 °C.

Synthesis of (1 alpha, 3 Beta, 5E, 7E, 20R, I1’E)-1,3-bis-(tert-
butyldimethylsilyloxy)-20-M. eﬁlzyl(E-M ethyl, 1’-Heptenylate)-2,10-secopregna-
5,7, 10,(I9)-riene:

To a suspension of lithium metal in 2 mil of dry ether, a solution of
phenyl bromide in 3 mil of dry ether was added dropwise, under nitrogen
atmosphere. An exothermic reaction was observed during the dissolution of the
lithium metal. The reaction mixture was heated until complete dissolution of
the lithium metal was achieved.

Triphenylphosphine 99% (1.447 grams, 5.52 mmol) and DMSQ were
added to the reaction sclution of methyl 4-iodo-2-methyl-butyrate described
above and the resulting mixture was heated to 100 °C for 18 hours. The
mixture was then cooled to -30 °C under. nitrogen atmosphere, and the phenyl

lithium solution in ether was added thereto.
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Synthesis of the four diastereoisomers of 1 alpha, 25-(OH) 2D3-26,23-
lactone can be accomplished as described in Ishizuka, S. et. al, Archives
of 5 Biochemistry and Biophysics 242: 82,1985, or according to the

welwingopyocedure: Synthesis of Methyl 4 lodo-2-Methyl-Bpityrateaddidss s
stream of nitrogen a Tn a su$ enci on of lithium in 2 ml ether (dry)
solution of phenyl bromide in 3 ml ether was added dropwise. The
reactiphis LeaviidHr e was-Bepigdsuntiicamplete fissoluign gfthg lithinm
was achijeved. A solution of methylene iodide in ether was prepare

begrer s MFeRnPbithrgeldainylangs - Boble Brsa, T8, T5, 20 pHE)W| Jitbisnfiert-
IQBNAS | dropwi his solutionhy a syringe during 0.5 hour,
b@%%ﬁéﬂ solutloﬁgg}‘aﬂe?hgﬁ%&?ﬁé%é? %rizigégmt ﬁB%é%l%ﬂ&fLéein ether {&S
addgiwaBithebtaideddhibatetowhbetieadtiani 06 FIXBIEMBRSHIEL cther and
overnight.at 25 C. DMSO (7 ml) was then added and the ether was

heRpeRaate e Rbsatiss nivitiede thascastion mistmghvat t00d. to 60 °C

anySthesisiefi(1aihas 3 Rejg, R, L'E)l,3-bis-(tert ,
butyldimg%lsilyl}%y)-ZOBlmIi‘&%‘i—%’%ﬁ%ﬁ#ﬁﬁep S’Fn@§%te(f{%?1%?§@%%§plﬁe‘/geﬁa
wag SENgAEd)-teste20vith & Suspenston afdithiine metalifed HY-ef dodium
S elglﬁ%r, afﬁglution_of %?en¥l bromide in 3 ml of dry ether was added

“aropwise. widet hitrogen - athidSprErSalkH eRgfdiFARCrYaBTSRUNAgnd the
reskiserves diedgriier disgobionaf 1he wib iﬁ\fﬂiﬂk%t% Eﬁfcgeg%@t&%%mg&@
was, heated until complete dissolution of the lithium metal was achieved.
TS B A BHOSSR C00HE (U GIUHR) 552 Alest b diDAISE wrret
thadded,} reaction solut fm i0¢le- thyl-bytyrate
desc_:r(?i)e@((jﬂﬂi'gla_fboveCG g%d thgﬁ?ggiﬁ)ting er%%t‘%%éﬁ@éﬁe%iﬁ%%% for 18
buigdisietingsiienay Wa tmesiioddlde peer3aE Mpder gutmaesmatmosphere,

g §\g§}?o§ phl%% [ lithium solution in ether was added thereto. WO
*200? %8% CT/IL2004/000215 142 This reaction mixture was stirred

at 0 &fahdshousfand thepeaftes apera, 5E, 7E, 20R, 1 "E)-1,3-bis-(tert-
butyldimerhiylsilyloxy)-20~( 2-methyl-2-hydroxy-1’heptenoic acid)-2,10-
secopregrna-5,7,10,(19)-triene ;

(1 alpha, 3 Beta, 5E, 7E, 20R, I’E)-1,3-bis-(tert-butyldimethylsilyloxy)-
204(2~methy1-1 “-heptenylate)-9,10-secopregna-3, 7, 10, (19)-triene (60 mg) was
dissolved in 3 ml THF and the solution was cooled to -78 °C under a stream of
argon. LiIN(iPr)2 was added to the reaction mixture, so as to obtain the lithium
derivative, which was further reacted with oxygen for 1 hour at -78 °C.
Triphenylphosphine was then added and the reaction mixture was stirred for 30
minutes. The resulting reaction mixture was then evaporated under vacuum. A
solution of KOH in methanol was added to the residue and the reaction mixture
was heated to 60 °C for 2.5 hours and was thereafter diluted with 6.5 ml IN
HCI, and evaporated under vacuum. The residue was dissolved in chloroform
and the product was puriﬁed on silica gel plate (20 x 20), using a mixture of
97:3 hexane-cthyl acetate (2 times) as the eluent., to obtain 6.3 mg of the
product as fraction 2 (Rf= 0.81).
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hexane solution of the aldehyde CLP-8 -
Beta,5E,7E,20R,1'E)-1,3-bis-(tert-
butyldimethylsilyloxy)-9,10-secopregna-5,7,10,(19)-triene-aldehyde - was
waslsiedoIdoesobtained mixture was stirred at 100 C overnightpd g 860660215
and 5 the hexane were thereafter distilled, the reaction mixture was
cooled to 60 C and 50 nil ethyl acéfate in 75 nil water were added thereto.
. TheThgyahteitmyeprodassepathtediramshed tvishs dhin\eies ang pripgi aand
. dried over sodium a | sulfate. The orgapic salvent was evaporated under
m ?e@f &ﬁ%ﬁ%&&@%@%ﬁa @s&aﬁﬁmgﬁﬂm%ﬂa&%@am% T5AERES
miRHHESUA SHifR A6k SR AGRI0 SRS B AR UR R acuum. The
hexane-EtOAc (98:2) as an eluent, to obtain 60 mg of the product (1

resifiisave:B diass v ereveR IR -and - biBwSrt (29.1 mg) was added thereto.

.

thetB)fl3-bissftested Tubidyidicamathylsilyloxy)-20-(2aamethyl-2-Hydro
g7-1heptengic acid)-9,10- secopregsaa-5,7,10,(19)-triene : (I alpha, 3
D e e S BT iy I ettt 5

°C20{ 5 methyl-I heptenylale): S Hr-sacaPeanarRed HHVaeRe éﬁ% %)

was dissolved in 3 ml THE and the solution was cooled to -78 C under a
resithemiviastRoiSiksban 1SiNGP e WhE addied 26 theteastignanbitures s 85 10

| lithiy rivative, which was further reacted with oxygen for 1
o S 0 s b S Estbieet
9, Itvixtoce hodssatig Gl 011 SPimeind@sid he residlting regchion sixiugwasy-

then evaporated ynder vacuum. A solution. of KOH in methanol was

N Y R sitie and tHe AdRtidn IR DS AR RDR® 360 LoRs:
as &achedrs adwps)therealias ditufed withs0. T ml N4 #Glg and evaporated

under vacuum. The residue was dissolved in chloroform and the product
was purified on silica gel plate (20 x 20), using a mixture of 97:3

hexane-ethyl acetate (2 timeg%%%%?nt., to obtain 6.3 mg of the

product as fraction 2 (Rf= 0.81). 4/075917 PCT/IL2004/000215

14FEFFECT OF NICOTINAMIDE ON EX-VIVO EXANSION OF
HEMATOPOIETIC STEM/PROGENITOR CELLS

Nicosnamide  supplementation  of  ex-vive  hematopoietic
stem/progenitor cell cultures:

Culures were prepared and maintained as described above.
Nicotinamide was added to cell cultures at concentrations of 1, 5 or 10 mM for
up to three weeks culture period. All other procedures including mononuclear
cell fraction collection and purification, purification of CD34" cells from
mononuclear cell fractions, ex-vivo expansion of stem/progenitor cell
populations, morphological assessment, surface antigen analysis, determination
of CD34, CD3§, Lin and other hematopoietic marker expression and cell
population calculations were carried out as described in the experimental

methods section of Example 1 above.
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The obtained product was then treated with a solution of 15.2 mg iodine
in 2 ml methylene chloride, in the presence of pyridine (12 mg) and the
reaction mixture was evaporated under vacuum and thereafter under high

wRslavedfre residue was dissolved with THE and n-Bu3Srig-{2P:d0 M) 215
was added thereto. 5 The reaction mixture was stirred at room

temperature for 4 hours and was itdereafter evaporated under vacuum.
The residue was treated witRgaigimlig:anRu$of HC1 in methanol at 50
C for,5 hours. The reaction m.? rt e was evaporated under vacuum and

the F&ffi WAS'BOPHRAGHSIRA JBETCE Hikle BXO%SIUSHg Hatix it

P"f%’f&%@" Ekm%ﬁ%m:-mmanol as the eluent, to obtain 2.64 mg of the
esired product 9, 1 0-secocholesta-5,7,10(19)-trien-26-oic acid,

1,3 Memetepeigin oy 4gatathsaletenavsrqdpBiated in the presence of a
- -Rih YHaminl>3-26,234ac  fraction 1 (Rf.=
RS A S ot R et
difRiCD TddiAMDE QN BEX WEvihExA SIBRI@FnE EMAT @BQIEREbation
STEMIPROGENITOR CELLS, Nicqdnamide supplerareutation of e.v-vivo
DO el A oIS FOBh Y SRS Bt fcaton
meepared aresnaaintainesiasdesesibed abevenrlicatinamida ywagagddeg:to

cell cultures at concentrations of 1, 5 or 10 mM for up fo three weeks

culéuresraupBhaBemacmE prerédurdd meridagidenieldereaP edf hrardid 0
X ﬁ?'@ﬁ%%ﬂs"e{ﬁéf 'fiﬁ“?é%g@é‘cﬁ%‘i\?t'%‘ c‘%}crr@?(%‘h“Lt»&ﬁﬂ?o;{&'@ £2 10* CD34+

mononuclear cell fracfions, ex-vivo expa of stein/progenitor ce
celpopatatidnsy therphotogitall dsyesismsnamvyfaoatesitigem addiysis, the re-

EETeD SLCCRA,COm, L e henpogc et
mdfkére experiaemnia prasihedssactionaf Bxamplfl | daoyeRAVGhstantial
~2004/078917 PCT/IL2004/000215 144 Experimental Results
increases in the proportion of CD34+/CD38-, CD34+/Lin- and CD34+/(HLA-
DR38-) cells in cultures treated with nicotinamide. Figure 15 shows that
culfures supplemented with 1 and 5 mM nicotinamide resulied in 1.7 and 51.7
fold increase, respectively, in CD34+/CD38&- cells density, as compared with
the untreated (cytokines only) control.  Figure 16 shows that cultures
supplemented with § and 5 mM nicotinamide resulted in 10.5 and 205.5 fold
increase, respectively, in CD34+/Lin- cells density, as compared with the
untreated (cytokines only) control. Figure 17 shows that cultures supplemented
with 5 mM nicotinamide resulted in 11.5 fold increase in CD34+/(HLA-DR38-)
cells density, as compared with the unireated (cytokines only) control. Hence,
nicotinamide was found to be a very effective agent for promoting ex vivo
expansion of stemn and progenitor cells.

In an additional experiment, cultures were treated with 5 and 10 mM
micotinamide. Table 5 below presents the obtained results, which further
demonstrate the powerful effect of nicotinamide on ex-vivo expansion of stem

and early progenitor cells.
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Effects of nicotinamide on the ex-vivo expansion of stem and progenitor
hematopoietic cells: Hematopoietic CD34+ cell cultures were initiated in
the presence of a 5 combination of 5 cytokines, SCF, TPO, FLt3, IL-6 and
whh-2300t0@F Without different concentrations of nicotinamidecirglewii@oz1s
three weeks incubation period, the CD34+ cells were re-selected from
culture by affinity re-purification meéthod and were enumerated. The
results, presented, in Fig ire 14, .chdwahbttleaf cultures supplemented with 1

= : : il o]l o
areFSmivt MICoHTTamtGe ybC|U|Cd 05 l\+1n/1 ane-180-10.x-104-CD344+ cells

per niit FAEPEvely, as co/mﬁﬁfé'a%rf{\fWQZ 104/ 0f4P3deikipeel

in-the-non-treated (cytokines nﬁ@ﬁ)ﬂ‘ﬁﬁﬂ%l In addition, théofkel selbscted
cogippda+ cell fraction was FACS andl§2ed for sterh/progenitofid| markers,

-1 e TEsults presented-inmrFigures-1o=1t7aneHSarb,shew-substantial
Nﬁ%%ﬁgg%é%#ﬁe proportion of CD§4‘§9LCD38-, CD34+/Lin- gt

Nichaidni(td A A :PIR38r) cells in cydtyres treated jwith nicotingryigle Figure

15-shows.that cultures supplemented with | and 5 mM nicotinamide
resulted in 1.7 and 51.7 fold increase, respectively, in CD34+/CD38- cells

density, as compared with tm;ﬁ%t%i écytokines only) control. Figure

16 shows that cultures supplementea with 1 and 5 m1\4 nicotinamide
Tnentieg inAifEratior205 FeSott AAgnRIRAsRNBRNEEI R 1@ DRI kiR

cells dcegi&ﬁJ as comp; red githt e untreated (cytokines only) control.

Figuré 17 SHOWEHAT EifitCires WigHresiareekinfrsitmnafsstinbmide
resulted in 11.5 fold increase in CD34+/(HLA-DR38-) cells density, as
compared with the untreated (cytokines only) control. Hence,
nicotinamide was fountﬁf@%’é’éﬁiﬁf‘! Brreeafie egyent for promoting ex vivo
25 expansion of stem and progenitor cells. In an additional experiment,
cultures were treated with 5 and 10 mM nicotinamide. Table 5 below

preseR34ie/botaleesirrestrsiphtiehfoeHsbuiEmarastrast shiepovdeiomn a
f icOti ' -Vivo expansian of stem and early progenitor
e L SO S0 aH003 18 AGHE CpRerest, o

cord bleod cells were layered on Ficoll-Hypague (density 1.077 g/ml) and

centrifuged at 1,000 x g for 20 min. at room temperature. The interphase layer
of mononuciear cells were collected, washed three times with Ca/Mg free
phosphate buffered saline containing 1 % bovine serum albumin {(BSA). The
cells were incubated for 30 min. at 4 °C with murine monoclonal anti CDayq
antibody (0.5 pg/106 mononuclear cells}) and thereafter isolated using the
miniMACS  apparatus  (Miltenyi-Biotec, Bergisch, Gladbach, Germany)
according to the manufacturer’s protocol.

Culture procedures: TFor the expansion of progenitor cells, CDz4™"
enriched fractions or unseparated mononuclear cells were seeded at about 1-
3x104 cells/ml in either alpha minimal essential medium containing 10 %
preselected fetal calf serum (FCS) (both from GIBCO, Grand Island, NY), or
serum-free medivm (Progenitor-34 medium, Life Technologies, Grand Island,
NY)}. The media were supplemented with a mixiure of growth factors and

transition metal chelators. The cultures were incubated at 37 °C in an
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Table 5 Treatment % of CD34+/CD38- of % of CD34+/Liri of total cells
total cells control 1.69 0.02 Nicotinamide (5 mM) 9.69 4.11 Nicotinamide
(10 mM) 34.67 16.58 EXAMPLE 6 Imposing proliferation yet restricting

wdfigseptiatien of stem and progenitor s cells by treating the ells; WitRioe0215
chelators of transitional metals Experimental Procedures CD34 cells

selection: Peripheral blood "buffy c@at" cells derived from a io whole

atidepRrRibIEYRRErR Bioge Gells obiainaenfaliowingleWtanBerRaRmwas
cord blood cells were layered on Ficoll-Hypaque (density 1.077 g/ml) and

changadifyged uiithderyps A mmtanins M dhesopnlomentse interphase
laye, 119 I c : hree times wit
LN SR S e e e

in #bumindRBA)d herisaseligedicnt diifalvatethfon 3l ninsah# Glidithediine

monqclonal anti CD34 antibody (0.5 g/106 mongnuclear cells) and
e e Tl s e T S e
colengisehHadhasine @m@n@@omﬂmé@ﬂ&%mﬁ@a@ﬁm%&rg%m-

Culture procedures; For the expansion of progenitor cells, CD34+

G-Enficiet rfalicid dERiRbe palipatng dnuaakicicabiti wetbeseeliagawere
sccRaUtAn 36104, 6ls/mbin gl .a@aﬂlﬁy@@?ﬂ@é%g&%' MEU, mixed,

containing 10 % preselected fetal calf serum (FCSY (both from GIBCO,
eryGrand, |stand]aky), endemesdieeyradiom @Rrogémitor-34 ndediunceliféar
c 1fII'lechnoIogies, Grand Island, NY). The media were supplemented with a
© n'ﬁ))?ﬁ}lt’g)%f growth factors and 25 transition metal chelators. The cultures

weradpephalesiali3 fssaimayO 2044 8B TREIARA040002d,5+346
atmosphere of 5 % CO02 in air with extra humidity. Half of the medium was

cultprgngerpwetirrEwitlifeals neddiceHscomeaminigposited sepplemelags. slide
(cytocentrifuge, Shandon, Runcorn, UK), fixed and stained in May-Grunwald

Giemsa. Other aliquots were stained by benzidine for intracellular hemoglobin.

Immuneofluorescence staining: At different intervals, cells from the
liquid cultures were assayed for CD34 antigen. Aliquots were harvested,
washed and incubated on ice with FITC-labeled anti CD45 monoclonal
antibody and either PE-labeled anti 'C-Dg.g_ (HPCA-2) monoclonal antibody or
PE-labeled control mouse Ig. After incubation, red cells were lysed with lysing
solution, while the remaining cells were washed and analyzed by flow
cytometer.

Flow cytomeiry: Cells were analyzed and sorted using FACStarPius
flow cytometer (Becton-Dickinson, Immunofluorometry systems, Mountain
View, CA). Cells were passed at a rate of 1,000 cells/second through a 70 mm
nozzle, using saline as the sheath fluid. A 488 nm argon laser beam at 230 mW
served as the light source for excitation. Green (FITC-derived) fluorescence
was measured using a 53030 nm band-pass filter and red (PE-derived)
fluorescence - using a 575+26 nm band filter. The PMTs was set at the
appropriate voltage. Logarithmic amplification was applied for measurements

of fluorescence and linear amplification - for forward light scatter. At least 104
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Cloning potential evaluations: The cloning potential of cells developed in
the liquid culture was assayed, at different intervals, in semi-solid medium.
5 The cells were washed and seeded in 35 mm dishes in methylcellulose

wevRi@iRnealpha medium supplemented with recombinant grewii faGla6s: 15
(SCF, G-CSF, GM-CSF and EPO). Following 2 weeks incubation, the
cultures were d pe lo S r'les weYé<wla. ifle blast, mix 11Y1u “111 1a an

caliaveesg aabEe8C | C- SSdas " _ed _, erythroid, myeloid, and
megakaryocytic, according to their cellular 10 composition. Morphological
assessment: In order to characterize the resulting culture populations,

aliquots of cells were depgsijegpraglassghde (cytocentrifuge,
Shandon, Runcorn, UK), fixed and stained in May-Grunwald Giemsa.

Other aliquots were stained by benzidine for intracellular hemoglobin. 15

ImMyAQHUSFRSERRCEHAIINGL AL SESIBRRLEVAIS, Gols, T the, liduid

cultures were assayed fo[?gCD34 antigen. A |%1l%fﬁs§/hves% tgra\%ﬁre%f%egwon
anashiddtahitfenenbation o leensitipFETC fabetedtantIR4ADYgNaednalere

I . ether PE-labeled anti CD34. (HPCA-2) monoclonal antibody
c@éﬁ%ﬁ%@&%g %%?1 ?’81%%3338% F&]e er incubation, red cells were lysed with

lysing2@sitbitiomendilelegremainiy eslls were.sashrsandRnalyzed by

flow gy er. Flow cytometey: Cells were analyzed and sorted using
C@W@%ﬁa&% f[BWL%}%BFH’éI%K{’éé\Mﬁ-%%n%ﬁ?tﬁ#ﬁnammsowma@ Zinc

wEHERS MOURARIRHENe LA IS SR AasSed at a rate of 1,000

cells/second through a 70 nun 25 nozzle, using saline as the sheath fluid.
A 48Baiht-apHes |astolinam-asB0 nolll Ketved S€Me FiAtsdirasifaFL),

i eXGiIAtoN Gre rderived @.5(9 scence was measuyred using a

e B S R g o
5752eatiratiamgl Giterkifbe PiTisvesteaidbifiesapRIGRHAGVRIAURCSE),
_Lolggrithmic amplification was applied for measurements 30 of '

G S LR RS ar SobCatiS IS Rbwardight sésitdr CRFlbasend
er}]iﬁﬂomtzlﬁ)@ﬂm&917 PCT/IL2004/000215

TEFPA effects on proliferation and clonability of short term CD3a+
cultures: Addition of TEPA to CD347 cells cultured with low doses of early-
acting cytokines resulted in a significant increase in fotal cell number, in the
number of CD34% cells (measured by flow cytometry utilizing fluorescence
labeled specific antibodies, Figure 20) and in cell clonability (measured by
plating culture aliquots in semi-solid medium and scoring colonies that develop
two weeks later, Figure 19), compared io cultures supplemented only with
cytokines. The colonies which developed in semi-solid medium in the presence
of TEPA were of myeloid, erythroid and mixed phenotype.

The effects of TEPA were further assessed in cultures supplemented
with either high doses of early cytokines (Table 6) or with a combination of
early- and late-acting cytokines (Figures 2la-b). The results indicated that
TEPA significantly increased the clonability and the percentage of CD347 cells
in these cultures. As for total cell number it was increased by TEPA in cultures

supplemented with early cytokines (Table 6: Figure 20). whereas in cultures
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147 cells were analyzed. Experimental Results s In an effort to develop
culture conditions which stimulate proliferation and inhibit differentiation of
hematopoietic progenitor cells, CD34+ cells were cultured with the
widllowimgsapplements: Transition metal chelators such as -pCT/IL2604/006215
tetraethylpentamine (TEPA), captopril (CAP) penicilamine (PEN) or other
chelators or ions such as Zinc to which interfere with transition metal

suppletaBairs R ko ivry oy midnede. sriokiven rddS sersedre margind
inhﬁgﬁiexf’ﬁ(ﬁ@%igﬁ_@ -6), thrombopoietin (TPO) and interleukin-3 (IL-3);
C

Late-acting cytokines - granulocyte colony stimulating factor. (G-CSF),
grariioodybésodhdapral e tidnystimetatingl #edor{ GuG B e limet  #5 the

erythropoietin (EPO), TEEA effects on praliferation and clonatility of short
PRl oML Adiiion 3 PR (s SEIE N ire e
1L.-doses ﬁgb)%ﬂclxxrﬁm}gv@ﬁ@ﬂﬂﬁmu|tgp T'M stEifigpnt ereRseMdalials
cell number, in the number of CD34+ cells (measured by flow cytometly
ChDiiligilly fadréaeépied oo atyarbarspetifibcanmbosiks /tiguessaa)uardant dell
nabilit I y. hlati I liguets i i-s0li ju d
L e R B S oSl S oA
(CEUNUreslsuppeémentadohty méthiunytdRifié sxphestalanesvhickhdexttoped
in semi-solid medium in the presence, of TEPA were of myeloid, erythroid
CFngrFﬁS{gd)’blﬁ[gﬁgt)}Bed%éPW%eéﬁé’&é@f YEPA were further assessed in
cultures supplemented with eitheyigh gloses of early cytokines (Table 6)
or with a combination of early- and late-acting cytokines (Figures 21a-b).
The results indié§telonihermegifesigiifded\rin&rEadetetite clonability and

the percentage of CD34+ cells in these cultures. As for total cell number it
was increased by TEPA in cultures 30 supplemented with early cytokines

TEfAble plIRgure P03 whereas| idlegweabs\WaA@06=/07891CFU

D
PCT/IL2004/000 2&3 ()343'8 (%) (Per 1x103 expansion

initiating cells) | (fold)

- - 1 T 16 0.3
+ - 2 115 140 2.8
i + 5 5 165 33
T + 11 20 850 17

TEPA effects on proliferation and clonability of long-term CD34"
ciltures: Long-term cultures were maintained for 3-3 weeks by weekly demi-
depopulation (one half of the culture volume was removed and replaced by
fresh medium and cytokines). Addition of TEPA resulted in a higher
clopability in long-term cultures supplemented with either early cytokines
{(Figures 22a-b) or both early and late cytokines (Figures 21a-b), as compared to
cultores supplemented only with cytokines.

After three weeks in culture, there was a sharp decrease in clonability in

cultures supplemented only with cvtokines, whereas cultures treated with TEPA
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supplemented with both early and late cytokines, TEPA caused a marginal
inhibition (Figures 21 a-b). Cord blood-derived CD34 cells were plated in
liquid culture in the presence of: FL - 50 ng/ml, SCF - 50 ng/ml, IL-6 - 50

wegtaal gy or without 5 IL-3 - 20 nglml, with or without TEPA-AD M fatid2 15
day 7, the percentage of CD34 cells and the total cell number were

. determined. Aliquots equivalent to 14%103 initiating cells were assayed on

n eyglositn feitbotytgkionningicsimdC Righbyl clabitiyin wamisehd even
. ium. CFU expansion represents the ratio of CFU present on day 7 to

hI@:é l%?gse%% Sﬁsggf/t %?]?[]6 CI% {6 The short-term effect of TEPA on

CD3%kellgyaERA TEBLColishind GibRdaeds Gflewﬁét&@#etl&(%%‘}ﬁs.("/"i“ ¢
Perlx103 expansion initiating cells) (fold) -1 116 0.3 +-211.5 140 2.
efiee 0% 1654 gn.the margiyary of Bemaiseietisreplis faationedneh several

m&hpability of long-term CD34+ is cultures: Long-term cultures were
maintained for 3-5 weeks by weekly demi- depopulation (one half of the
cultuléorsieeryses seiwpviedcalls (BpEGCed METeshimedivrn@nobiast like
tokines)..Addition of TEPA resulted.in a higher. clonability in long-term
e T S RO oA 085 G bt

ceHanly ang dateydytornk SfiauienRlab)s @ EAMPRAIRGIQRBIEUINIES cells
supplemented only with cytokines. After three weeks in culture, there was

VSR b G PErsrRERIR b e diffesstiphemiadieat oigsaitiethylene
ek | ith TEP 2004/078917
bigdakings: ‘(‘I@M%%? GRS URaRWVRD & ﬁ%cé\élﬁgm?nﬂ 48 ay 3 of élﬁe

PCT/1L2004/00 5 149 in combination wit €s maintal
Cu@!@ﬁa@ﬂﬁﬁ?t@h ienbas ebenllh gheithasttatagsbd ﬁtd&rmglolbiﬁwﬁ&ﬁltaining

cells were determined (Table 7). The results indicated that both TEPA and
captopril inhibited the HMBA-induced differentiation of MEL cells.

Human eryihreid cell culfures: Normal human erythroid cells were
grown according to the two-phase liquid culture procedure, essentially as
described in references 67-70. In the first phase, peripheral blood mononuclear
cells were incubated in the presence of early growth factors for 5-7 days. In the
second phase, these factors were replaced by the erythroid specific
proliferation/differentiation factor, erythropoietin.

The cultures were supplemented with TEPA at the initiation of the
second phase. The total cell number and the percentage of hemoglobin-
containing cells were determined after 14 days. The results (Figure 23) showed
that in the presence of TEPA there was a sharp decrease in hemoglobin-
containing cells, while the total number of cells decreased only slightly.

These resuits suggest that TEPA inhibits erythroid differentiation, but

does not significantly affect the proliferation ability of the progenitor cells.

TABLE 7
The effect of TEPA and captopril on growth and differentiation of

erythrolenkemic cells
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The effect of TEPA on the maturation of hematopoietic cells: The effect of
TEPA on the maturation of hematopoietic cells was tested on several 5
models: Mouse erythroleukeuaic cells (MEL): MEL cells are erythroblast
wikeoraltgefollowing treatment with several chemicals (differgptiationsneosis
inducers) the cells undergo erythroid differentiation and accumulate
hemoglobin. TvrpT cells were cultdfed in the presence of the
differentiation inducer hexamethylene to bisacetamide (HMBA) and the

{\hcﬂ'ﬁ'r\rc\ TEDI\ O o antongl

Al \.OA-FHA

'JLU'JI LLEK])
cells and the percentage of he
(Table 7). The results indicate
HMBA-induced differentiation.
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wih factargsfor 5-7 days. In
actors were replaced by the erythroid specific p
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roliferation/differentiation

HisdRox, e ETApdietiv 20 The cifiures were suppldfented with TEPA at
the initiation of the second phage. The total cell humber and the
Ta@%%’?‘k?é’rﬁ%lobin con[fdining cells were|d gtermlned after 14
g%g}ﬁ 4 Z3) $hgwed that In thepigsence of TEPA there
was a shar crease in hemoglobln containingjcells, while the total
Himber afaeipitiettadskd on )B§4|ghtly 25 Theseh%sults suggest that

TFERA |nh|h|fc or\/fhrnml Hlffora tmlun, but UUbJ not “I“.".If."a. I+ affeet : u|
Mlgeaﬁfe%r%% §1BRth o gYikdr e lEeTs ABH e o aaiids FRYSAIM

Aveh ﬁ%h@l%ﬁ?@%ﬂﬁl&ﬂﬂ&ﬁrof boamaibslenrdusaceiafaide
(%Agcfbm Ryithre vilegb didbmonbeoanssaetiong pk i B ensrirpril

Onpdasitide total cell number and hemoglobin containing (benzidine positive)
cells were determined.

Long term liquid cultures initlated with

Half of the

CDagt initinted cultures:
CD34+ cells were maintain with different cocktails of cytokines.
cultures were continuously supplemented with TEPA. In order to test the
status of cell differentiation, cytospin preparation were stained with May-
Grunwald Giemsa (Figures 24a-d). The results showed that cultures which
were maintained for 4-5 weeks without TEPA contained only fully
differentiated cells, while with TEPA the cultures contained, in addition to fully
differentiated cells, a subset of 10 % - 40 % of undifferentiated blast-like cells.

These results strongly suggest that TEPA induces a delay in CD34™ cell
differentiation which results in prolonged proliferation and accumulation of
early progenitor cells in long-term ex-vivo cultures.

TEPA's mechanism of activity: In order to determine whether TEPA
affects CD34™ celis via depletion of transition metals, such as Copper, two
approaches were taken.

The first was to assess the effsct of different transition metal chelators:
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Cells (%) Control 31 <1 HMBA 32 46 HMBA +TEPA 5M 35 24 HMBA +
TEPA 10 M 35 16 HMBA + TEPA. 20 M 47 16 HMBA + Captopril 20 .tM
34 29 HMBA + Captopril 40 M 34 12 Murine erythroleukernia cells (MEL),

wHeHR.SaEyred in liquid medium supplemented with the diffegrtiatiofy sooz215
inducer - hexainethylene-bisacetamide (HIVIBA, 4 mM), with or without

different concentrations of TEPA o¥s¢aptopril. s On day 3, total cell number

tetandthdimagiobinecgmgining ¢esritiné(usitive) pealls weiadefrRTiNedhe
giﬁ)34+ initiated cultures: Long term liquid cultures initiated with CD34+
res

ot iEtRaiabinl At TBBERPAI BRE IDRiseRcHAlpds i CIS 4™

celPUHLIFES Ve @éiritg?_usly supplemented with TEPA. In order to test the
status of cell differentiation, cytospin preparation were stained with May-
Grurhald i sap(Fiepaes2datd) sUd aesnltsIShdvact et cullures wiiibh

were maintained far 4:5 weeks wj t TEPA contained only f
OOl e TR s O S T e UL SO abt AR
(Filwdhe 126diftgrentidted epliseaabsehotdth Yotdd %o, ussifiergntiaiedand

blast-like cells. These results strongly suggest that TEPA induces a delay
selgpeipa A APt AfEsuFidion HRIT SRS i3DoFS| dh gRedbraiftsian G Kk S
emreURAUlatign of early progenitor cells in long-term ex-vivo cultures.

ngﬁs mechanism of activity: In order to determine whether TEPA 20

affe&@@D@ﬂiﬁlbéﬂIklandetpIél_i@hf@fetﬁ&ﬁbiﬁ@ﬂﬂﬁémlm%@lbmaﬁ@djppe@.guo
e B S S e
effiety areth\dpentarorénpr (RERAE CaptdpsiliCiRLor gebisiiamine (RENEThe
(Figure 28).

In the above examples it is demonstrated that by supplementing CD34
cell cultures with early-acting cytokines and the polyamine agent -
tetraethylenepentamine (TEPA), for example, it is possible to maintain long
term cultures (LTC) without the support of stroma. Three phenomena were
evident in these cultures: (i) continuos cell proliferation; (ii) expansion of
clonogenic cells (CFUc); and (iii) maintenance of cells at their undifferentiated
status.

In contrast, control, TEPA-untreated cultures ceased to proliferate and to
generate CFUc and their celis underwent differentiation much earlier.

Thus, TEPA and other transition metal chelators sustains long-term
cultures by inhibiting/delaying cellular differentiation through chelation of
transition metals, Copper in particular.

The following example further substantiate the results described
hereinabove; teaches optimal culture conditions for long-term cultures, teaches
additional chelating agents that affect hematopoietic cell differentiation and
sheds more light on the mechanism of activity of TEPA and other chelators on
their target cells.

CD34™" cells derived from human neonatal cord blood were purified by
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results demonstrated that all these compounds share the same effects on
CD34+ cells as TEPA (Figure 25). The second approach was to
supplement TEPA-treated cultures with 5 Copper. The results indicated

wibabohlR@y activities were reversed by Copper (Figure 26a-pyWhii4/ 000215
supplementation with other ions, such as iron and selenium, did not

(Figure 27), at least in the short to redium term cultures employed

inftereismE kA ighis KnayntRintarisre Vit Iyaﬁﬁtiﬁ&mlﬁﬁfe@éﬁ%‘a
, 10 with Copper metabolism, expand the clonability of the cultures by

e.g., oV . |
WHEeRytPkichfratenssdyen mishewrdmosiiuy etab prekdoce oAbotedkilyc

: igure 28). | \V les it is demonstrated that b
e S R R R ot e
cmkr)flﬁumm_mﬂt- a;ﬁdtewhﬁthyi&ﬂlepmiz_@r tg ?ﬁﬂﬁ Bﬂé@hgﬁfe@&&m%?%dldﬁes
Si maintain long term cultures without the support o
o R DT RIEE bR ETS. BrISTiR RLBLAE ARES ¢f dhnoass
weRll RIRHETRIPTofi): 6P aBSIeN @k ClonpARHE SRlldSEHLL AR Wb metric
maintenance of cells at their undifferentiated status. 20 In contrast,
meBiadd JrERRsdR sl hriniresedine dyiopretiterand dodcdongeesratells

vCRYGand their calls undenyent differentiation much earlier. Thus, TERA
¢ and other tFéﬁsﬁ%oﬁ metal chelators sus “‘aefﬁls“foﬁali?érhm”“b‘uﬁﬂﬁjr%lé‘w HIE

culihibitimgieelaitiatedeltiaridifterdhticio theotgb Chelaion of tGMsitioand
Is, Copper in parti r. 25 The following example further
E%?éeﬁaﬁﬁfﬁwsim %cigs&eﬁ%iﬁﬁm%a&ig%ﬁﬁ%@&hwe
c&@ﬂdﬁﬁ@npeﬁorllﬁr@tﬂﬂﬂiéﬁ%gr%@ll@%ﬁf@%@%??“@%@%ﬂiﬂ%l?&?%? that
e

affect hernatopoietic cell differentiation and sheds more light'on the
dildeRdRrépRsor activity of TEPA and other chelators on  their target cells.

s oA A e s
Cultures initiated with CD34 cells in liquid medium supplemented with early-
acting cytokines (in the absence of stromal cells) could be maintained by TEPA
for a long time (>6 weeks). In such cultures, TEPA supported, i combination
with the cytokines, maintenance and expansion of clonogenic cells (CFU¢):
The cultures were started with 2.5x103 CFUL. Upon termination after 6 weeks,
TEPA-treated cultures contained 300x103 CFUc, (i.e., a 120-fold expansion)
while control cultures contained no CFUc.

Figures 30-32 show the effect of TEPA on cell proliferation, CFUc and
CFUc frequency in the presence of different combination of early cytokines.
The combination of the early-acting cytokines TPO, SCF, FLT, IL-6 and TEPA
was found to be the optimal combination for the maintenance and long term
expansion of cells with clonogenic potential.

Figure 33 shows the effect of G-CSF and GM-CSF on CEUe frequency
of control and TEPA-supplemented CD34 cultures. Supplementing the cultures
with the late-acting cytokines G-CSF and GM-CSF, which stimulate cell
differentiation, resulted in rapid loss of clonogenic cells. This differentiation

stimulatory effect is blocked by TEPA.
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immunomagnetic method and then cultured in liquid medium
supplemented with cytokines either with or without transition metal
chelators. At weekly intervals, the cultures were demi-depopulated by
wenevirgsnalf of the culture content (supernatant and cells)randraplaaing s
it with fresh medium; cytokines 5 and the chelators. At the indicated
weeks the cellular content of the ¢&dtures were quantified for total cells
(by Bipreeuakirtsroserpiahemasyiomatis metbadicdereRBds cetig:hy
immuno-flow cytometry) and for clonogenic cells (by cloning ui*c CCii5 in
chagie® iaﬁel%%%ﬁféﬁ%eﬁ?gd JCR ) r&géhﬁafﬁ).%aee@ﬂt&@ywmm

Wi 04 , 50-80Q % ef:whick C + -50 % of which
e e R o o el e
exppasint 0T iR fatiny kbls ¢hepeticlyerpiverd, miukasicst byetbdy dibetioals.

fact . Fi 29 sh t ffect of TEPA on. -t 34 .
G B B SR S  EHa UL B IR
freqasheyl Sentivg eiokiaesHiy theabsensecih sty emnl eelisircwd Percial

maintained by TEPA for a long time (>6 weeks). In such cultures, TEPA

forsipnssteam mistRBRRsRorP it IARSISRoRIN S, Hiaintigasstisgitbiat TEPA

affexpansionofalencgenic.calls (CRYL: Jha fullwesiwers stated with
2.5x103 CFUc. Upon tefmination after 6 weeks, TEPA-treated cultures

contéigeg 36008y i ffcet, of 10foidrexpaesiont)a@0nwiilt: comsirg]le

o R R CH gL 5 W bR Ert ok B

arecomRinatics efeaIT ERakingsed Theca hinationph e easly Retng first
ytokines TPO, SCF, FLT, IL-6 and TEPA was found to be the optimal
24 i e FYEOKIBR ARG b RO His thith Complegasmiion eyiekiBaRith

suglenagenisReigantiak Fgkee 3ahaws Héﬂ@éﬁ%%z%%@&é‘%%%@ F

on CFUc frequency of control and TEPA-supplemented CD34 cultu
Supplswienfig-thehamubese it wlepatvantingchylatinesgBaGSH 4034

R el el eated e s
expemBAl VRY 2 @ity 391y ©aT thR0R4/000445: the compounds tested, the
long-chain polyamines, TEPA and PEHA, were found to be more effective than
the short-chain polyamines.

Figures 40a-b show the effect of transition metal chelating agents on
CD34 cell cultures. Penicilamine (PEN) and captopril (CAP), which are known
transition metal chelators, sustained ceil proliferation and expansion of
clonogenic cells during long-term cultures.

Figure 41a-b show the effect of Zinc on CDay cell cultures. Zinc, which
is known to interfere with transition metal metabolism, Copper in particular,
mimicked the effect of the chelating agents in long term cultures, but to a
smaller extent than the chelators themselves.

Thus, ex-vivo expansion of hematopoietic progenitor cells is limited by
the progression of these cells into non-dividing differentiated cells. This
differentiation process can be delayed by cultivating the progenitor cells on

stroma cell layer. Since the stroma supports continuous cell proliferation and
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153 Figures 34-35 show the effect of partial or complete medium + TEPA
change on long-term cell proliferation (Figure 34) and CFUc production
(Figure 35). The results obtained indicate that for maintaining maximal

wORRNGA%:7T EPA should be completely replaced, at least, i Wagkl4/000215
intervals. 5 Figure 37 shows the effect of delayed addition of TEPA on

CFUc. frequency. It is evident thatsgarly exposure of CD34 cells to TEPA
lonias SRS I fR dangrierp DAl PIRNBPES AR BXPANS '8@??1]:159 EitGet an anti
ors a

_suggesting that TEPA affects dif wren aticn of progeni va ous
dif§expjetipbpaiiash vatiba Prigenstasoshiows the effect of short-term

preinc ion with a single tq cytokine op long-term CEUc production. .
e e B e Rl R v i B, it
previffates wieodupbipmenteddordhettinstc2asheurs Wit sinsla;avieking,

he full complement of cytolcines, suggesting that under the

h
Cm@: é?%:%ﬁ%sg@éﬂsc&}@:b?@&@@rﬁ%ob@é‘#icﬁ@ﬁﬂ‘?ﬂﬁ@ﬁegeﬁgaabthb@m
mahewiieehebinglyaming cheletingAees-eR GDRE 5 sell syt ﬂecgﬁglg'afaﬁ‘“

ne chelating agents sustained cell proliferation and expande
whillgrrrgne g essteduinaletsdrmdiog threab ipapneis testetla thenditig: ehais
ek gg{ggrg}%esfg}ng and PEHA, were found to be more effective than the

short=chain polyamines. Figures 40a-b shove the effect of transition metal

chel@tin bigedtaaiv20cEIR3dgelbsubeas . ResislainiRes B EN:aNdhr 24
h ]g%ptop il (CAP), which are known transition metal chelators, sustained

| BrlitCratttraitiB parisRe oT alsaBeR Ak Ko b B ok mehcells
chllt [ - ir CD34 cell.cyltures. Zing,
e Ern o A S R S P RS
bufarticukace @Eeimimidien thelbffectief thewhelatinghagents ulanestarMihe
culture%, u&ﬁ% maller extent than the chelators themselves. Thus,
PISSSAGR 8 eﬁ% nsi ematopoietic progenitor cells is limited by the

proarssion: el tiese:el'sint eneird ding, dlfareniipiad colis, THER,
differentiation process can be delayed by cultivating the progenl%or cells
wegh s ded irathe Prayerc SnicERRA. strpand sl fpostsveektinubaisaetultures

iniRERHEIBHP PR ored without TEPA stopped expanding after 5 weeks only.

It 13 well known that it takes usually at least several hours between cell
collection and either freezing or transplantation.

These results indicate that addition of a transition metal chelator, such as
TEPA, to the collection bags and the separation and washing buffers increase
the yield of stem cells and improve their potential for long-term growth, thus
facilitate the shori-term take and the long-term repopulation following
transplantation of either "fresh”, cryopreserved or ex-vivo expanded
hematopoietic cells.

Thus, further according to the present invention there are provided stem
cells collection bags and separation and washing buffers supplemented with an
effective amount or concentration of transition metal chelator, which inhibits

differentiation.

As Is specifically demonstrated in the above examples, a novel system
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WO 2004/078917 PCT/IL2004/000215 154 long-term generation of
CFUcg, it is believed that the stroma inflict an anti differentiation effect on
the progenitor cells. According to another embodiment of the present

wihvesiieRdthere is provided a method of preservation of stem-gellSs46kh15
as, but not limited to, 5 cord blood derived stem cells, peripheral blood

derived stem cells and bone marrgwg-derived stem cells. The method is

wigbReiadhig Q@ﬁﬁﬁﬂ%ﬁ@%ﬁ%@&fér&%ﬁ%ﬁﬁi%@%&%@&é%ﬁ%&?@fﬁdﬁ@é

stored, in a presence of a transition metal chelator, e.g., TEP

in siggBadEEG solbalts Wt RSt thasdmesdred qondepBinateglidor 2dmbimes

hours, gt 4 G, either in thepresence.or absence of 10 M TE D34+
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infedlenRBSS (iiffe), raspedityelietthETP OBlsiiere GrRNLINIRAdIaN 3, and
cultures in the presence of 10 M TEPA. The results indicated that cultures

TERHIP e hekEngins el S THErTes Neténahbregai e iokdaensenpprt
thd GRAPAPaRdestfer8 weeksrwher mﬂ%@swnﬂi%ﬁaiﬂf@%ééog

.without TEPA stopped expanding after 5 weeks only. It is well known t
differmndatinn snpareddpdetepstingursibicns o Auchllat CHEHD miah GRIKEIF

(piteezing oriransplantation. These results indicate that addition ofa ..
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transition metal chelator, suchas 20T
meepatatiorenitprashite b @ienploer eastuthe hielskafisierkoeisandls, as
improve their potential for long-term growth, thus facilitate the short-term
CORRE P FEI -

ShiPtRat ST fSH g TEAMSE AR Bt St ingethat
the frEBhIA.- GRIRRIBRERYEE] O BXpYAO &é&@ﬂ?%h%&?é%%ﬁgﬁ%&?l}ﬁ?ﬁgﬁyé’

further according to the present invention there are provided ste
stabdéEimIasads Bnd separation and washing buffers supplemented with an

i L L U T T
cadygmyesitandvehsysién For example, when TEPA addition was delayed
untii day 6 of the culture its effects were reduced as compared to cultures
supplemented with TEPA from day 1 (Figure 37).

While optimal results were obtained when TEPA was added on day 1, it
was advantageous to add the full complement of cytokines on day 2. Th;usﬂ
TEPA-treated cultures which were supplemented for one day with only one
cytokine, e.g., FLT3, followed by addition of the other cytokines (SCF, TPO
and IL-3) were maintained longer than cultures where all the cytokines were
added at day 1 (Figure 38). We hypothesize that since cell differentiation is
driven by the cytokines and is dependent on Copper and other transition metals,
inhjbitio_n of differentiation requires depletion thereof prior to exposure to the
full .complement' of cytokines. A single cytokine does mot support rapid
activation (proliferation and differentiation) but maintains cell viability, thus
allowing TEPA to efficiently chelate transition metals in quiescent
undifferentiated CD34 cells prior to activation. |

Following screening, various chelating agents have been found to

support contimuous cell proliferation and long-term generation of CFUc and to
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cell proliferation and long-term generation of CFUc in stroma-free cultures
(Figure 29) has been developed. The system combines the use of
wesrty4actmg cytokines, such as stem cell factor (SCF), FLT 3&cimet@ukinhs
(IL-6), thrombopoietin (TPO) with or without interleukin-3, and 5 transition
metal chelating agents (Figures 3®:82). The early cytokines support the
deByrvival andRreliferationgidhe rregeaiormwvitblraeuaed SHAUMS Bk not

differentiation compared to late-acting cytokines, such as G- CSF and

hn@:mi@sEﬁﬁﬁg@@&?ﬁiﬁé@%ﬂéﬁ&%@&ﬁé&hﬁﬁbﬁhﬂ}@gwmh as,

heI ion of transmon etal [
ﬁlart?g;e a’i weekI}i} e;;r/1 e, é‘é %Niogrﬂn%grgeﬁggg gg{%ﬁ% W?r%%vg

Zihd @&ﬁcﬁﬁmﬁmn&nﬁetrsnggemm@mat(mﬁeﬁ R\ jteatisitlar) metabolism
complex, e.q., TEPA-Copper X, may not be stable (Figures 34-35).

ais@é\‘)@ﬁﬂ%@%ﬁae@%@ %g%pﬁl? t TEPA inhibits differentiation of
early progenitors (Figure 36). For example, when TEPA addition was
delayed 15 until day 6 of the culture its effects were reduced as
compared to cultures supplemented with TEPA from day 1 (Figure 37).
While optimal results were obtained when TEPA was added on day 1, it
was advantageous to add the full complement of cytokines on day 2.
Thus, TEPA-treated cultures which were supplemented for one day with
only one 20 cytokine, e.g., FLT3, followed by addition of the other
cytokines (SCF, TPO and IL-3) were maintained longer than cultures
where all the cytokines were added at day | (Figure 38). We hypothesize
that since cell differentiation is driven by the cytokines and is dependent
on Copper and other transition metals, inhibition of differentiation requires
depletion thereof prior to exposure to the 25 full complement of cytokines.
A single cytokine does not support rapid activation (proliferation and
differentiation) but maintains cell viability, thus allowing TEPA to
efficiently chelate transition metals in quiescent undifferentiated CD34
cells prior to activation. Following screening, various chelating agents
have been found to
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30 support continuous cell proliferation and long-term generation of CFUc
and to WO 2004/078917 PCT/IL2004/000215 156 delay cell
differentiation. Among them are the polyamines such as, but not limited
w8 28504 EDA, PEHA and TETA (Figures 39a-b) or chelatops sich @Si00215
but not limited to, penicilamine (PEN) and captopril (CAP) (Figures 40a-b).
Zinc which interfere with transition:gnetals (Copper in particular)
metabolism 5 also supporteg ¥ AG1pEE ¢Figures 41a-b). WO
2004/078917 PCT/IL2004/000215 157 EXAMPLE 7 The effect of
Csppéecd1 st Ranpepapsduiisparsites o afifecisivability o GikaHse el
cultures 5 Experimental Preged 4 cells selection: Peripheral
blood "buffy coat" cells der(?/ge%#gc?r% é\i}?w 18l blood unit, peripheral blood
cells obtained following leukapheresis, or blood cells were layered on
Ficoll-Hypaque (density,1.077 g/m{? d 10 centrifuged at 1,000 x g for 20
minutes at room tempe%l’écﬂﬁléf"ﬁ’]% @&ﬁfgggefayer of mononuclear cells
were collected, washed three times with Ca/Mg free phosphate buffered
saliné‘fontaining | %_bovine serum albumin (BSA). The cells were

inculs&tad F6F5 89 HinRs RPURBSR-PIRaAnL Bt neg s dedpBufrom a

wiRiNibosyd 599406 manpeinal callskandhereafienisoiatad using the 15
miniMACA apparatus (Miltenyi-Biotec, Bergisch, Gladbach, Germany) -

blogebofaly tearfe MapisthcrireMqoib®dvohqaltdemriored Yes: Eantheand
J f niter cells, CD34+ enriched fractions were seeded at |
o 10zg %lgl%f?%ﬂei(?l%a p a?%(i:ggyn%a %%%%aﬁaﬁo?#égﬁ?ﬁ?%gﬂﬁﬁni §oWygrphase

laypresilectedielehcetiisentm (o0&)XAOWBIND 206 BEQ vERTSSlante.
hNYE}.SThg dium \41\§as sup I_ementeg with a mixture of growth factors and
PhesBRRl: ehdrifstSarhe Eaﬂgﬂéé%eke/méaﬁ%éeaﬂgv%bw@%bpﬁéce
celtf RdfeGRRinaMN Wih eXirahumid myoé*%ﬁﬁﬁ%?ﬂ%eﬂwﬁnc%%ﬁ Shangpd 4
weekly with fresh g1ed|um containing all the supp ements.
antibody (0.5 pg/10° monoclonal cells) and thereafter isolated using the

miniMACA.  apparatus  (Miltenyi-Biotec, Bergisch, Gladbach, Germany)

~ according to the manufacturer’s protocol.

Culture procedures: For the expansion of progenitor cells, CD:XM+
enriched fractions were seeded at 1 x 104 cells/m! in alpha minimal essential
medium containing 10 % preselected fetal calf serum (FCS) (both from
GIBCO, Grand Island, NY). The medium was supplemented with a mixture of
growth factors and Copper chelators. The cultures were incubated at 37 °C in
an atmosphere of 5 % CO2 in air with extra humidity. Half of the medium was
changed weelly with fresh medium containing all the supplements.

The cloning potential of the cultured cells was assayed in semi-solid
medium.  The cells were washed and seeded in 35 mm dishes in
methylcellulose containing aipha medium suppiemented with 30 % FCS and
further with recombinant growth factors (stem cell factor (SCF), G-CSF, GM-
CSF and erythropoietin (EPO)). F ollowing two week incubation, the cultures
were scored with an inverted microscope. Colonies were classified as blast,

mixed, erythroid, myeloid, and megakaryocytic, according to their cellular
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The cloning potential of the cultured cells was assayed in semi-solid 25
medium. The cells were washed and seeded in 35 mm dishes in
methylcellulose containing alpha medium supplemented with 30 % FCS
wearndofetver with recombinant growth factors (stem cell fact®C@@TEah4/000215
G-CSF, GM- CSF and eryt ropoietin (EPO)). Following two week
incubation, the cultures were scoreéd with an inverted microscope.
co@plomiemwere classified as blast, 30 mixed, erythroid, myeloid, and

megakaryocytic, according to their cellular WO 2004/078917
PC Bgﬂi/@éﬁ?gﬁa%@%ﬁ{bos%ﬁrﬁ%rﬁﬁo@%ﬁ@é@sﬁmemumng
r riz sult | 0 ions, aliquots of cel
Cug\cligrge egg?rit%&dﬁ%’n §l (1;1 asggslﬁen&%%%cﬁﬁ??fug ,%?1%@@%%, Ezuﬁlgg?n,sl@%,
(cTiesararicigei dddridmaGromyAKs Giemsmd rsuinadindvescaiagwald
Gi%}ﬁ. ing for CD34 antigen: Cells were incubated on ice with FITC-labeled
anti CD45 monoclonal antibody and either phycoeryth,-in (Pa/) -labeled

CD3BnR o uokeskanmetsthidil Fx Toppekidial antiboiy o5 RIFateq

cantrol r%u Immunoglobulins (lg). After incubation, the cells were to
d

N iEhet B Bridty ARFIY i8wc tryPRS epRinenb gl swnreither
phabalyzediiing FAGSRI RIS @9‘@’4%@@%%\ (%%%Oé‘a%‘ﬂﬂﬁ%d o PE:

Immunofluorometry systems, Mouhtain Vie ells were passe

laheied siongobraenspstvonmeglobyling Tlzm dtaténudingosaltine editheere
a%lﬂgé‘tgh‘atﬂ mRA argon laser beam at 250 mW served 15 as the light
Wsource orge%(@ﬁ%%%ﬁ. rvé%m HHLF %Yderived) fluorescence was measured
using i 3@peprireriyand-pass fikesrand gy ARE -deryed) Altupreshencg sy
yt.;)sin a %526 rih%b nd filter. The PMTs was set at the appropriate
¢ 6&%?55. ofstout Tifi SRR LA PRIREY f6b Pirsms UM ARG OF iew,
cAorsstencr.anddinear Ampiificatinn clorsfonuars Aghl sEatas Al least
104 20 cells were analyzed. ’
using saline as the sheath fluid. A 488 nm argon laser beam at 250 mW served
as the light source for excitation. Green (FITC-derived) fluorescence was
measured using a 530+£30 nm band-pass filter and red (PE-derived)
fluorescence - using a 575£26 nm band filter. The PMTs was set at the
appropriate voltage. Logarithmic amplification was applied for measurements
of fluorescence and linear amplification - for forward light scatter. At least 104

cells were analyzed.
Experimental Results

The effect of Copper-chelating peptides on proliferation  and
clonabiﬁty in CD34 cell cultures: Cultures were initiated with 104 cord blood-
derived CD34+ cells by plating purified cells in liquid medium in the presence
of SCF, FLT3 and IL-6 {50 ng/m] each) and the Copper-binding peptides, Gly-
Gly-His (GGH) or Gly-His-Lys (GHL) (10 uM each), or the late-acting
cytokines G-CSF and GM-CSF (10 ng/m! each). At weekly intervals, the

cultures were demi-depopulated and supplemented with fresh medium,
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Experimental Results The effect of Copper-chelating peptides on
proliferation and 25 clonabiluy in CD34 cell cultures: Cultures were
initiated with 104 cord blood- derived CD34+ cells by plating purified cells

wi Jiyighspedium in the presence of SCF, FLT3 and IL-6 (5@ AgiY6a66bh15
and the Copper-binding peptides, Gly- Gly-His (GGH) or Gly-His-Lys
(GHL) (10 M each), or the late-actisg cytokines G-CSF and GM-CSF (10

cyRaimbeasnbhusekly intanials heid0 aitues were demizdepopylated.

and supplemented with fresh medium, WO 2004/078917
CH&T/JL2004/000215 159 cytokines and the peptides. After 7 weeks, cells

g e e S AR R e e
dedlz e desfientively; BRd GHaR 2 BN -6Shedi by R 050 Ghesffectan twer

clanogenic patential of the cultures was much more Pronounced: 80 %

byt "4 dhesticdsahesioncgsaiepaicraah et e ghlswes goes By B 1eE
prinEGMide® - AMEL B 8 40 Jrapsiion reatal %a@ﬁflﬁﬁg%pfégﬁvceéﬁ, and

determining the effect of a specific transition metals chelator o
89%irferdntiabibri Epériiental Procedures is Inhibition of differentiation:
MEL (mouse erythroleukemia cell line), 8 x 103 cells per ml were
incubated for 24 hours with different chelators at concentrations indicated
in Table 8 below. Then, culturssAamdr] Ugplemented with a differentiation

inggcer_-,hexameth lene bisacetarnide, 2 mM. Number of cells and
o PRI B S 0E AR B B i heest et TosBeRifiine

72 hours afteradeitianabd1e inekesr viadyyti:RRdyaman myeloid

leukemia cell line), 1 x 105 cells per ml were incubated for 24 hours with
different chelators at the concentrations indicated in Table 8 below. Then,

cuued were suplem g i e efisapipion ndscrs -viamin

Inhibition of differensiation: MEL (mouse erythroleukemia cell line), 8
x 103 cells per ml were incubated for 24 hours with different chelators at
concentrations indicated in Table 8 below. Then, cultures were supplemented
with a differentiation inducer - hexamethylene bisacetamide, 2 mM. Number of
cells and percentage of differentiated cells (benzidine positive) were
determined 72 hours after addition of the inducer.

Similarly, HL-60 (human myeloid leukemia cell line), 1 x 105 cells per
ml were incubated for 24 hours with different chelators at the concentrations
indicated in Table § below. Then, cuituresi were supplemented with the
differentiation inducers - vitamin D or retinoic acid (both at 1 x 10-7 M).
Number of cells and percentage of differentiated (phagocytosing) cells were
determined.

Induction of differentiation: HL-60, 1 x 105 cells per ml were
incubated with different chelators. Number of cells and percentage of
differentiated (phagocytosing) cells were determined.

Copper Determination: Cells were harvested by centrifugation at 1000
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135

20

25 Number of cells and percentage of differentiated (phagocytosing) cells
were determined. Induction of differentiation: HL-60, 1 x 105 cells per ml
were incubated with different chelators. Number of cells and percentage

wef 26lifferentiated (phagocytosing) cells were determined. 30¢e9aPSSo4/000215
Determination: Cells were harvested by centrifugation at 21000 WO

2004/078917 PCT/IL2004/000215:6b60 x g for 5 minutes. The cell pellet
x Wasr\asheddhrenimas R -FHSRERAINg 118 Galls I PRS(

I

Mg++ free) anglF centrifugation at 1000 x g. An aliquot contain

cells|ig WBSIEA TarrddHed Triise) anslaenadiEmpiondur! 60Pe gnditheliplis
. ifygation at100Q x g. The cell pell
e R SS Wral t R 1o & Rt Bk i amoe

antixiby ceBiistrrc Thevald erehoifingeitzed WD a HghTsEeRIIMMNES: was

(polytrop, . Kinematica, Switzerland) for 1 minutes to disrupt the cell and
re bR LAY PPAEERITHE e Lsisiee RereepEREREPhdIE

cellamsferng:te AviakasitasamparRadenalvzeddn duplicate Ry @gﬁi@n,
r

Elmer graphite furnace 10 atomic absorption spectrophotomete
Kinewelirrgtroariszaladn fonel savapries weredisratyizabicagaihsandppeease

i abcﬁ%ﬁa U &n 1 ul.re% ?bm%“?osm'm‘efqi'al SLQ_C}(,_S_Q_]UtiOﬂv_tl_’]_Q,[(\!V.aMS__ 10
ailuted V(ijlrit 6:03 ﬁﬁtra’ puréeE AHCacid, EXpenmantal REsUHENT =6 dg
2 Yellowsiamprerized shelyesdlis foptitatibeellatihibitionof-gifferentiation
atgf MELPceIIs.%)ielded cor&garable results. Figure 44 provides the chemical
Setra BPHE P RSTS RHRGTRT R b8y SN el lpérfhénminpo The

st Bk Eveloatiniocarradation hemrenstarabdity 9l GORPEFORRIAES 10 4

inhibit or induce differentiation and copper content in chelator treated
copEmSTEBbRRISLII SRR HaMAG At A e Yh uhetiutamppts Guid.

inhibition (% of control) Name Copper Inhibition Induction

Lxperimental Results

Table 8 bellow summarized the results for HL-60 cells. Inhibition of
differentiation of MEL cells vielded comparable resuits. Figure 44 provides the

chemical structure of the various chelators employed in these experiments.

TABLE 8
Positive correlation between the ability of copper chelaiors to inhibit or

induce differentiation and copper content in chelator ireated cells

Compound Differentiation growth Average IntraceHular ppb Cu
inhibition (% of control}

Name Copper ishibition Induction
Affinity
{Logkl

Cu}
Concentration tested 1160 10007) 100 {1000 | 100 7000 | zouM 10G pM 500 M
oM aM 1 oM nM v nM
{Conuol - ‘ 445+ . 18




Affinity (LogK Cu) Concentration tested 100 1000 100 1000 100 1000 20

M 100 M 500 M nM rtM nM nM nM nM - Control 49 * - 18 WO

2004/078917 PCT/1L20041000215 161 N,N'-bis(3-amino 17.3---- - -
woni §hgR< 53 27.9 57 propyl)-1,3-propanediamine ppb %.ppk: % hRB0Y0s

Triethylene tetramine 20.2 + + - - - + 27.7 56 21.2 43 16.8 34 ppb % ppb

% ppb % N,N,Bis (2 animoethyl) 183 23.9 + + + + 10.8 22 13.4 27 ND

N prepans. diamne ppiy ¥ ppo 7o Tenaethylemepentamme 4-3g- 57~ 5 T5s 5
e higrrpaiing 17.1 35 (TEPA) ppb % ppb|% pab % Pentagthylene % [ %
hexamine + + + 19.3 39 24.5 50 1i7.2 35 pph % ppb %|{ppb %
1,7-Dioxa-4,10- -i- - - - - 35.572 36.1 73 35.0 71 |diazacyclododeeane
TRpYeRRR 70 PP %2 LA, 8, LL-Teimaza 15 - - == - 37 %47 25456828 %F 705 32
57 cyclotenadecane-5,7-dione ppb % ppb % ppb % |rb % pb % |ppb %
1,4,7-Triazacyclononane 15.5 + +|- - - 1 15.8 32 1)7.7 36 ND |
N oride PP Y pPb b =Oxa=y g9 0132 46—
»dFiBBe triazacyclododecang pphbi % ppb % ppb % 1,4,8:12-tetmaza 24:4
+--++13.42712.12%9.6{19 eyclopentadecane ppb % ppb % ppb %
1,4,7,10-Tetmaza 24.8 + - + Toxic|27.5/56% ;73.9 150 Toxic
Tgycletodecane pphppb % + - . - + [315 &4 241 49 170 33
{TEPA) ppb Y% ppb % ppb kS
Pentaethylene hexamine + + - w “ + 183 39 4.5 50 17.2 35
ppb % | ppb % ippb %
1,7-Dioxa-4,1{- - - - - - - 355 2 36.1 73 350 71
diazacyclododecane ppb % ppb % ppb %
1,4,8,1 - Tetraaza 15 - - - - - - 379 77 274 56 28.3 57
cyclotetradecane-3,7-dione ppb % ppb % ppb %
i,4,7-Triazacyclononans 15.5 + + - - - “ 15.8 3z 17.7 36 ND
wrihydrochloride 1 ppb % ppb %
1-Oxa-4. 7,10~ + + ~ - - - 3%.0 79 25 46 17.6 36
triazacyclododecane ppb % opb % opb %
1,4,8.12-tetraaza 244 + B - - + + 13.4 27 12.1 25 9.6 i@
cyclopeniadecane pob % ppb % prb Yo
1,4,7,10-Tetraaza . 248 - - ¥ Toxic T8 56% [ 73S 150 [Toxic
cycledodecane ppb epb %
e
§,4,8,11-Tetraaza 272 + + - - + k3 15.0 30 114 23 19.9 40 |
cyclotetradecane | ' ppb % pob % ppb %
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1,4,8,11-Tetmaza 27.2 + + + + 15.0 30 11.4 23 19.9 40 cyclotetradecane
ppb ppb % ppb % WO 2004/078917 PCT/IL2004/000215 162
Glycyl-gycyl- - - r + + + 202.7 411 582 1181 1278 2592 histidine Cu

wePiRla%ieGH- ppb % ppb % ppb % Cu) Glycyl-histidyl-lysieq & Yonadods 15

++ 481 976 473 959 1066 2162 complex (GHK-Cu) ppb % ppb ppb %
ND - not determined; ppb - parts p@g billion. As is evident from Table 8

Grald@M@, good correlation Was{foung betiveen the abiiity-egf Chetatorsgo i1ai

1278

2592

such as TEPA, PEHA etc., When fested for their activity on CD34+ cells,

s e rateeEiitar copper content and their Biologjcal actiwities. Chretatots | pb %
hat reduce cellular copper content arej potent 5 differgntiation inhibitors.

LIS o L chelators thatincrease qeltiar TopeT CoRtetaesss | e e

@0 fferentiation inducers. Indeed,;diffetentiation |nkibitoty chetatobs, | e %

W%E?ﬂgwe@pgﬁl@éhg&ﬁﬂﬂ fationChetators with~differentiatiorTirmducing
activily siiebiasnt fdnd G-Ai8H 8-aBB0YCIAARNESARRABE Wt B 6RBRREween

binding peptides GGH and HHK were found to stimulate differentiation.
ther pleretn e, Seetadpindoonodslalsiingl bl Ehetarsis coniest ardehgndrisdepienl
rease) cellular.coppsr. content could be a predictive assay for the
e e CHoIOY gkl PEOE e B ETeRY iatent

diffieant{Goa34inhdabers] 5 GX AMRitked IModuldikintofdifferentiatien byliular
COco%g)(er chelators on non- h%matopoietic_cells 20 As_is indjcated in the .

SRR st P BV B AR RO R BiH Yo tHReSesbntiiidarratiatice,

inERGReY deplatien hivay affacts apiukalty, ofsell HoRA0RS (HGURRGPEhL
hematopoietic cells. It was therefore anticipated that

CD344 cells, were found to inhibit differentiation.  Chelators with
differentiation inducing activity such as 1,4,7,10-Tetra-azacyclododecane and
the copper binding peptides GGH and HHK were found to stimulate
differentiation. Therefore, screening for the ability of chelators to modulate
(increase or decrease) cellular copper content could be a predictive assay for the

effect of the chelators on various cell types such as the hematopoietic stem
(CD34.+) cells.

EXAMPLE 9
Modulation of differentiation by copper chelators on non-

hematopoietic cells

As 1s indicated in the Background séction above, and as is known from
the scientific literature, cooper depletion in-vivo affects a plurality of cell
lineages, including, but hematopoietic cells. It was therefore anticipated that
the effect of transition metal chelators on differentiation is not limited to cells
of the hematpoietic lineage, rather this effect is an underlying phenomenon
shared by all eukaryotic cells.

Embryonal stem cells: Embryonal stem cells can be maintained
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the effect of transition metal chelators on differentiation is not limited to
cells of the hematpoietic lineage, rather this effect is an underlying
phenomenon 25 shared by all eukaryotic cells. Enthryonal stem cells:
wbmhyera-stem cells can be maintained WO 2004/078917 peraLa604/000215
PCT/1L2004/000215 163 undifferentiated in culture when the medium is
supplemented with Leukemia Inhiigitory Factor (LIF). It was found that

undERARARERAIRCE i IRmainiiningihe w%%ﬁeﬂf&@éf& Ré?&ﬁﬂ%{ﬂc%l%ﬁa

the cells. Thus, embryonal stem cells were cultured for 3-4 days

Inibstntidinems (B dosdiivens fivyes)thiat thehkesericploft IETR0 bROmajim)s

=RPA (10-20 M) and their djfferentiation compared to non-treated
m%ﬁ%‘%ff%éfﬁﬁ%%@?%o & gfcfi%xteo@%PA of embryonal stern cells 1o
ConiPlows)ceadopshEffeehordliferentiatinarBroffermtiond 4 @nseabialik s -
+ TEPA - + 15 The results presented in Table 9, clearly indicate that

desEPAlHCrES h BithRaTaHE O dribrioh P S aairabier sERPdo B8P Gtiver
an@H P SeldRRAUBI B i ?ox%ﬁg-t?éﬁ%%g%%g&%qﬁgsthetized BALB/c

mice with sterile tools and inune Into ture medium (Biological
Industries, 20 Kibbutz Bet Ha'E#BK,HEs?*ael). The livers were washed three
times with 3 % ﬁSA/E’BS Exgj&andﬂmin.ced into small pjeces with
seizures. Following fHeg Hashes JiH"PERBEATEESCHE liver tissue
pieces were incubated for 30 minutes with 0.05 % collagenase at 37 C

C with cor%jgnégs shafting under 5 % CQ02 atmosphere. The digested liver
Hagsaptbadesere than mashed by 2E @& hg through a fine mesh
strainer. After thregavaeliesinith 3 % BSA/PBS ths. liuer.callswere

seeded into F12 culture medium enriched with: 15 mM

Control + +/-
LIF - +
TEPA - +

The results presented in Table 9, clearly indicate that TEPA exerts a
similar effect on embryonal stem cells as it does for other cell types.
| Hepatocytes: Livers were dissected from anesthetized BALB/c mice
with sterile tools and imumersed into F12 culture medium (Biological Industries,
Kibbutz Bet Ha'Emek, Israel). The livers were washed three times with 3 %
BSA/PBS buffer and minced into small pisces with seizures. Following three
washes with 3 % BSA/PBS the liver tissue pieces were incubated for 30
minutes with 0.05 % collagenase at 37 °C with continuos shaking under 5 %
CO; atmosphere. The digested liver tissue pieces were than mashed by
pressing through a fine mesh strainer. After three washes with 3 % BSA/PBS
the liver cells were seeded into F12 culture medium enriched with: 15 mM
HEPES buffer, 0.1 glucose, 10 mM sodium bicarbonate, 0.5 wml insulin, 7.5
ng/m] hydrocortisone and with or without 15 pug/ml of TEPA and incubated at

37 °Cin a 5 % COy atmosphere, After overnight incubation the medium was
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HEPES buffer, 0.1 glucose, 10 mM sodium bicarbonate, 0.5 u/mi insulin,
7.5 ng/ml hydrocortisone and with or without 15 g/ml of TEPA and
incubated at 37 C in a5 % C02 atmosphere. After overnight incubation

wosdnesien was WO 2004/078917 PCT/IL2004/000215 164 LemoNEShooz1s
and the cells were supplemented with fresh enriched F12 medium as

described above with or without 1%5g/ml of TEPA. Hepatocytes were
retGHRBIRA I3 MM MSDe fOf-SRMRLRA W e 12 culture

medium with or without 15%8/{% TEPA a?glﬁg\éﬁr%ﬁég%:%béme&um as
desgriospledey Catith . quiwithonedidnmyas refldEEB Averivaekowidh avere

._fresh medjym. Hepatocytes cultures that were ex-vivo expanded with
inHBRRYGP e SR B o e AT SIS PG B R s

witfriguresida-di Whilgicritres;ihar werg.pat ?%@%Eﬁ}é@;@%ﬂt@@ﬁd

a very small amount of only differentiated cells (Fig Plant
cuiiane mrpdivfereb iTERAG AR insakelithiechpge nuatitent dflqplatealis
LHas ined. as follows. ton,f llus tissue cultures wer
C. obta?crilﬁe} f%gn}]gaegovrw r%gjr{giaaq%pgér}? ]ttllsliﬁ%%%l#é e%%FoWEST?ﬁr‘f 93%3 many
dixBivlp gicd hdififsteieta dotuily FenkiedEnek) Isiaah ameireuhaterydtvt
ir d{ff rent, (éﬁ#.centrati_ons of TEPA in the culture medium for two days at_
OO 15 terpér SOPEA Gt A (KFER STahas i oB SnhyediSeuentinierd cells
(Fguspended)n 0.03 M ultra pure nitric acid and homogenized with a high
shear mixer &)Iytron, Kinematica, Switzerland) for 3 minutes to disrupt

the dertpelisichbe aifeiceflITEP doppahCaiiszatiples wepevortetkead of
f ransferri ' tosampler and analyzed. in duplicate by a

Perkin Elmer gr urnace ICabsorp

obtineddlemyth afrB24:¢ianpl deisaspidsware anaize thatNNGs RIPERE]
st Eleard ﬁ?%éti%zn %E d.from a commercial stock solution that was
difitea with 0’8 gﬁ?@%n%&&@h&é\% TP R ardiEsnens
cosfteatafsifferentBRRA soneentalior. HiRAH YR MEGUBAN room
intracellular copper concentration of plant cells. 25 TABLE 1
temperature. After three washes with PBS the tissues were suspended in 0.03
M ultra pure nitric acid and homogenized with a high shear mixer (polytron,
Kinematica, Switzerland) for 3 minutes to distupt the cells and release
intracellular copper. Cell samples were vortexed before transferring to a vial
autosampler and analyzed in duplicate by a Perkin Elmer graphite furnace
atomic absorption spectrophotometer at a wavelength of 324.7 nm. The
samples were analyzed against copper standard solution prepared from a
commercial stock solution that was diluted with 0.03 M ultra pure nitric acid.

Table 10 below summarizes the effect of different TEPA concentration

in the growth medium on the intraceliular copper concentration of plant celis.

TABLE 10
Effect of different TEPA conceniration in the growth medium on the

intracellular copper concentration of plant callus tissues

LT EPA Concentration in Mediug Average Intracellular Copper Conten
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Effect of different TEPA concentration in the growth medium on the
intracellular copper concentration of plant callus tissues TEPA
Concentration in Mediu Average Intracellular Copper Conte WO
WA ORL7 PCT/1L2004/000215 165 ( b) 0 uM (Control) gé.@g‘i%?%gﬂgﬁ
10 M 13.85+/-4.09 50 M 8.45 +/- 0.05 100M 7.1+/-2.12 It is evident fro
Table 10 above that incubation of plant cells with TEPA causes a

s

m

ot ex-vive-etltured-ce ngraftrnent of

CA
Scibmice-byv-ex-viva-expanded-human-hematopaietic..cells: Cord.blood

adin)
0 BMifQHD(SﬁHL cells either fre Rob Yotlodirdl 2 or 4 weeks of ex-vivo
1Gpbire (plus or minus TEPA) weieSihjeet®@into NOD/SCID mice 10
5(eghéntially as described in (56)8 Afier/40nEeks, the mice were sacrificed
10nghtheir femora and tibias werejexcisepand the bone marrow flushed
with a7 ] e witl le Asnylecelt-suspensior
prepaiod: e el NoTs washe e o AT aR CoUNRA WAL ryAdh . =L
caphgs .2l redrad@iotoafuhatitate: eigiaftetical Ht bpwaamatigissloells were
stained 15 with FITC-conjugated anti CD4,5 antibodies and
PE-conjugated either anti CD34, CD19 or CD33 antibodies. Anti CD45
antibodies recognize humang st Mgl potise, cells, and thus, indicates the
human ori?in of the cells. The proliferation and differentiation potential of

the enfrtgatienoiie Bssppasyntishpgesoriy nrartoweskbiells

semirsnli i ition h ecifica rowth.of.

humﬁ%@gg’ggg oniegg}gé}r%t? Iy;égs? R’%gg{%ﬁ%‘%ﬁ%&gff‘ﬁ‘#‘e&é’%‘éﬁ g zettzc
ceffsableord Pingit pter thed BB epgaiimerttpofestiabofotkyaindet] @elisiseks

. _ 0,
ofhc'aghv%c;hgu%r}%t erseglh r%%lllﬁé ZIOE?%)/OW%%41%}6%%§%Q£%%1D/ SCID mice

cssentially as described in (56). After 4 weeks, the mice were sacrificed and

<

their femora and tibias were excised and the bone marrow flushed with a
syringe fitted with a 25 gauge needle. A single cell suspension was prepared,
the cells were washed and an aliquot counted with Trypan blue.

In order to quantitate engrafted cells of human origin, cells were stained
with FITC-conjugated anti CDgs5 antibodies and PE-conjugated either anti
CD34, CD1g or CD33 antibodies. Anti CDy45 antibodies recognize human, but
not mouse, cells, and thus, indicates the human origin of the cells.

The proliferation and differentiation potential of the engrafted cells was
assayed by cloning bone marrow cells in semi-solid medium under conditions
that allow specifically growth of human derived colonies essentially as
described in (56).

The results (Table 11) indicate that the engrafiment potential of
expanded cells is higher than that of fresh cells, 20-60 % CDy45+ as compared
to 3-6% CDgs+ cells, respectively. All 6 cord blood samples that were
expanded ex-vivo in the presence of TEPA succeeded to engraft the animals,

whereas only 2 out of 6 samples that were expanded without TEPA engrafted.



to 3-6% CDA45+ cells, respectively. All 6 cord blood samples that were 25
expanded ex-vivo in the presence of TEPA succeeded to engraft the
animals, whereas only 2 out of 6 samples that were expanded without

woBhAeRerafted. WO 2004/078917 PCT/IL2004/000215 166-1ABkE dda21s

h

Ex-vivo +Engraftment Weeks Treatment CD (%) CD (% CD (%) *Colonies
CB20-41.61.7100 10%FCS 2;ggtokines 40 11 15 260 2 TEPA+ 56

13 11 330 CytokinesCB 20
14127 2 TEPA+4813.595

Eé%}?@ 70 10%FCS 2 Cytokines 38 S7
yto

iNnesCB30-41.82.2250

10%FCS 2 Cyiokmes 0 0 0 O 2 TEPA + 20 4Bd8@e@8ytokines CB 4 2
Cytokines SMeass7 |4 eamens 2 Sap R ‘ RitTe ;_A“‘Ez}mlﬁms 4
2244 TEPA+40-9-14 267/ -Cytokines-CB-5-4-Cytekines 4.7 1.6 1.5
B2 N Al It At S e o Sl b 1 100
10% FCS '
2 Cytokines 40 11 15 260
2 TEPA + 56 i3 11 330
Cytokines
CB2 0 - 3 i.2 1.5 70
10% FCS -
2 Cytokineg 38 5.7 14 127
2 TEPA -+ 48 13.5 9 528
" Cytokines
CB3 0 - 4 1.8 2.2 250
10% FCS
2 Cytokines 0 0 ] 0
2 TEPA + 20 4 3 100
! Cytokines
CB4 2 Cytckines 5 1 0.7 4
1% FCS
2 TEPA -+ 28 7 B 185
" Cytokines
4 Cytolines 4 2 3 4
4 TEPA + 40 S 14 267
" Cytokines
CB s 4 Cyiokines 4.7 1.6 1 5
-FCS
4 TEPA + 21 & 9 275
" Cytokines
CB 6 2 Cytokines died died died died
10% FCS
2 TEPA + 73 9 26 420
" Cyiokines
CB§ 2 Cytokines 6 4 6 8
1% FCS
2 TEPA + 73 18 1% 350
" Cytokines

Ne. of cells transplanted per mouse: Fresh CB = 1x10° purified CDq4. cells; Ex-vive expanded = the
vield of 1x107 (CB1+4,6) or 0.5x105 (CB5) cultured CB CD1 4™ celis,
*No. of colonies (erythroid and myeloid) per 2x10° SCID BM celis,

# Human neonatal cord blood.
“*Mean of 2-3 mice.
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-FCS 4 TEPA+ 21 6 9 275 11 Cytokines CB 6 2 Cytokines died died died
died 10% FCS 2 TEPA+ 73 9 26 420 Cytokines CB 6 2 Cytokines 64 6 8
1%FCS 2 TEPA+ 73 16 19 350 Cytokines No, of cells transplanted per

W@%{ﬁ%@ﬁsh CB = 1x105 purified CD34+ cells; Ex-vivo exgéqﬂg
5 yield of Ix105 (CBI-4,6) or 0.5x105 (CB5) cultured CB CD34' ce

o4 il215
s

of colonies (erythroid and myeloid)ger 2x 105 SCID BM cells. 4 Human

NeO A £RISLE SBRAbA o GG i
. PCT/IL2004%00%91(;5?§L%7 Hemat(%oieticlég/(%‘r%g[%g%%ﬁgg e

tﬁ*gﬁh VS, ex-
y

vivg gupstadedhieatlseeEhros nesnthipdddipraie BalbdtSX THreRl6 dHitmede fesnale

e S SR

boyietdanfdw 0% heraawasidofdells eXpandeseowivels &

expanded ex-vivo m the presence of T EPA as co
dietesiiisontiaRA tho WL FaovER-vive fastvanRG dhiplhnted

wiBUsyal (VEEksh(D @X‘Sgnde" EX

L CA

exp

e le

Spsp i

to fresh or cells expanded without TEPA.

irradiat 1000 rad
O BT cei0,

QR0
. without TEPA for 3 to 5 weeks, as detailed in Table 12. Peripheral blood
citlGE ity G here BERSHHES IR WEeRlF passiistaited iasTinklmbicated that

PBGHEBOIRIIVEE (35185 I ISR HARSBIRBIEWil hone marrow cell

pared to fresh or cells

vivo in the presence of TEPA as compared

TABLE 12
Ex-vivo | In-vivo WBC x 100/m1 Survival
{Weeks) [(Days) i
Fresh BM  Ex-vivo expansion | Fresh BN  Ex-vivo expansion
with with
cytokines] TEPA + cytekines TEPA +
7 cytokines cytoiines
Exp. I 3 13 0.3 0.5 0.7 4/5 /5 575
3 19 0.48 0.58 1.5 4/5 475 5/5
Exp. 11 3 11 0.17 0.07 0.92 575 4/5 5/5
3 29 5.6 g 10.8 5/5 0/5 5/5
Exp. [ 5 6 0.1 0.02 0.69 5/5 5/5 5/5
5 11 0.21 0.23 1.27 3/5 3/5 575
5 19 n.d. n.d. n.d. 3/5 2/5 4/5
5 27 n.d. n.d n.d. 3/5 1/5 4/5

No. of cells transplanted per mouse:
Fresh BM = 1x10° cells.

Ex-vivo expansion = the yield of 1x105 cultured BM cells,

Survival of irradiated mice that were not transplanted was 0/5 in all three

experiments.
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Fresh Bh Ex-vivo expansion Fresh B Ex-vivo expansion with with
cytokines TEPA + cytokines TEPA + cytokines cytokine Exp.13130.3
0.50.74154/55/5 3190.48 0.58 1.5 4/5 415 515 Exp. 11 311 0.17 0.07
wd9g0pthgdsd 5/5 3 295.6 010.8 515 015 5/5 Exp. Il 5 6 0.38:32:8:89004%5
5/55/55110.210.231.27 3/55/5515 519n.d.n.d.nd.3/52/54/5 5
27 n.d. n.d. n.d. 3/5 115 4/5 No. ofgells transplanted per mouse: Fresh
BM = 1x105 cells. 15 Ex-viv%mm ﬁthe yield of 1x105 cultured BM

cells. Survival of irradiated mice that were not transplanted was 0/5 in all
frrdseata b aepparQiRgedoreed RAR TLitQOTI0R0245 dfive or

EXAMPLE 11 Co-treatmenié%f? copoer chelation and RAR antagonism has

no additive or syﬁ’é’?ﬁfglé:ﬁg oy Ster e e‘i"fﬂuaéﬁﬁ%‘CDBM cell cultures

were@hﬁﬂp&emdhteﬂﬂﬂfrﬁ@reeszéteeé@plkthlr?nfé@orf?birtﬁr?&‘ C‘ifé% with a
cytokines: , TPO, 1L-6, and FLt3, with or without the following

Cofa“#’ R SE%H?M ﬁ‘ﬂﬁ%ﬂ%ﬂ@l@?i\ﬁ%@ PR ighorwieIRAR
foRbtaagnatiiBM . TEOM Weeki!NoaoMAlin %‘&mr@s%rﬁ% 5 M

supplemented only with cytokines. At weeK 7, the number of ce

pligs camagRErsid et mivhedRonitweako tert: afBDRY+lelaivass were
ng the MiniMACS

e iR Mg (= g el enata e MG
Chndre cdimtectegivenmahsol (elnusmbsisal GR3B3£eUS iR (e Ul ined
fro@z?rg eprilit% ga,orfe?saerpe/ctcege’f?gction, using the MiniMACS CD34 progenitor
cell 1solation kit (Miltenyi Biotec). The re-selected cells were counted, given
absolute mmmbers of CD34+ cells in the culture. Percentages of early CD34+
cell subsets, CD34+Lin-, were determined from the re-selected CD34+ celi
fraction. Cells were dually stained with CD34PE and a mixture of FITC-
conjugated antibodies against CD38, CD33, CD14, CD15, CD3, CD4, CD61,
CD19 FITC for determination of CD34+Lin- cells,

The results obtained indicated that co-treatment of copper chelation and
RAR aﬁtagonism had no additive or synergic effect on stem cell expansion,
suggesting that copper chelation and RAR anfagonism affect a single signaling

pathway.

EXAMPLE 12
Co-treatment of copper chelation and CD38 inhibition has no additive or
synergic effect on stem cell expansion
CD34+ cell cultures were supplemented for three weeks with a
cornbination of four cytokines: IL-3, TPQ, IL-6, and FLt3, with or without the
following additives: TEPA. 10 uM, Nicotinarnide 10 mM, and TEPA 10 uM
plus Nicotinamide 10 mM. From week three onward all cultures were
supplemented only with cytokines. At week 5, number of cells and of CD?);H“

cells were determined. Culture content of CD34+ cells was determined from a
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cell subsets, CD34+Lin-, were determined from the re-selected CD34+

cell fraction. Cells were dually stained with CD34PE and a mixture of

FITC 1s conjugated antibodies against CD38, CD33, CD14, CD15, CD3,
wolfhafeidbd CD 19 FITC for determination of CD34+Lin- cells. 1064000215

results obtained indicated that co-treatment of copper chelation and RAR

antagonism had no additive or syngggic effect on stein cell expansion,

sieges j er.chelation and E:IQR tagani ffect a single
P &gnal’in%g-gzeg% g%aﬁi%owaja/?t@%ﬁﬁﬂf% %e o-%?ﬂ%%%t é@:%%p@rro é’ﬁgﬁ)ﬁdl
isaladd@DA8 iVibitioyi Misto)additive erseimasgiceatiecrar s6imed given
ab\%)?f&ansion 25 CD34+ cell cultures were supplemented for three weeks

5 TEERRS TR O Ot PSS tBKIRE SIS TPO, IL-6, and FLI3, with or
with%@%&ﬂﬂ%&ﬁ&@@%&ﬁéﬁ%&%é@@éa&ﬂga%iamsﬁe}%ﬂ&ﬂﬁa@%d

TEPA 10 gM plus Nicotinamide 10 mM. From week three onward a
Cleafturekiveea sagplentsidisiroRly syinsigjcokiiies. st wissk Belherpensadn,

e e RS Soda B SRS b1

patuitied, re-selected fraction, using the MiniMACS CD34 progenitor cell
isolagion kit %I\F/[I)il,tenyi,Bioteg). The re-selected cells were counted, given

absoftfERuttb &t st B3 AP T kA tlituindrid restii g rent
retipdicatad thataaireatnent pficepperchelationand. b GR3Rnkition had

no additive or synergic effect on stein cell expansion, suggesting that
sYBgHBiCHdlatbn aeeDEslRisHRIPEEE 2B siprgieisigirading sphiblegical
j [ I and i2, coppbining different
B e R R bR R itner e
nor 10 synergistic effect. These results support CD38 protein and it's
biological function as a casual event in regulation of stem cells
self-renewal. EXAMPLE 13 EXAMPLE 1

Inhibition of P 3-kinase results in stem cell expansion
Experimental Procedures:
CDI33+ Cells: While CD34+ enriched cord or peripheral white biood

cells have traditionally constituted a reference population enriched in

undifferentiated hematopoietic cells for transplantation, the recent identification
and isolation of human hematopoietic cells expressing additional markers such
as CDI133 (formerly known as AC133), has provided novel insights into the
hematopoietic progenitor and stem cell compartment in the human, and a better
understanding of the relationships between the cell surface phenotype of the
subpopulations comprising the human hematopoietic system and their
proliferative and differentiative capacity (see, for example, Bhatia, M.,
Leukemia 2001: 15:1685-88). Studies of cultures of the AC 133+
subpopulation indicate that CD133+ cells have high self-renewal capability,
maintain early hematopoietic stem/progenitor cell (HSPC) characteristics, and
show superior survival in culture, as compared to CD34+ cells (see Forraz, et
al, Br. J. Haematology, 2002;119:516-24). Applicability of the methods of the

present invention for expansion and inhibition of differentiation of cells for



10

15

Inhibition of P1 3-kinase results in stern cell expansion 15 Experimental
Procedures: CD133+ Cells: While CD34+ enriched cord or peripheral
white blood cells have traditionally constituted a reference population

“quﬁg‘%qxg%undifferentiated hematopoietic cells for transplapﬁq;i&%(mgom 5

recent identification and isolation of human hematopoietic cells
expressing additional markers sucft20 as CDI33 (formerly known as

tr Santdas provided | insights into t igtic,progenitor .
' aglirg]i\i(;jrstem_ceII com part%%%l? inr}t%f%.%un?g?], %ﬁ%gﬁ%%%gndé%sﬁ%%éew
stemereRamBinshisilb sawcbn aecewitisustageiNES oty pelief davell. CD133+

lations comprising the human hematopoietic system and their
K g G et S A S e
wilbitkominid00; 4b: 1688-88} Safianniculiyesaf %ﬁﬁ&é@ﬁr CD133
a

,sub&o ulation indicate that CD133+ cells have high self-renew

ngép RS AEReRsasky Heksatptiaie b miproaysiid? Ll (MSRC)onal
ghameierstics, agd 18ho | ivalin culfur compared to

e Eieiggéﬁgz@%?gﬁ%@&?g%?ﬁﬁ?ﬁéy@%% +119:516-24).
Apphéanitepfetre aeiétfiods of thell3orhme sond ipuelffaiiior cSXpansion ano

celthibition af differentiation of cells far WO 2004/078917 .
b2t 10 Lp A AR Bl st getsps following
fullinetifferentiaté ddetimatoprittionsiesraaeniior aols N P&assassasre
sin Cﬂ$é33+ cells as well. CD133+ cells can be identified and isolated
Coﬁ&%‘%ﬁt BFSARIR (K1 i f2phovas mrsarainknidlondnvthe mikliohtss

% e &lnind; Ry qwq)z' ' ith CD133 MicroBeads
(Milteny%%ﬁé%ﬁﬁ%ﬁ%—CD 3%%%%%%{c?%£n§?§a§r\$ti%%}legs(c%{ %%ﬂ%-lﬁg‘l;
reeBlogdisnbe STMDIegocyisWSA Frattnonuateanceltraciion kebestion o

. ification: Hu od Cells were abtained from umbilical cord
R T P OO XY Ao ARG 1 A e
30 coitsset. wHiscahtainad)lSampleFpesa ta gellacedaadpmcessediwitia

w Qou}%? ostpartum. Blood was mixed with 3 % Gelatin (Sigma, St.
AL 0tis, WES), WetfinaRtbd TorsRsBARULES RPRsRive-hdiirsddseivey CRIRS)

soffitier qBKORERAICH FiRgHER) WasaREtied ATSLAYR"SS-90 Rbumin (BSA,
Fraction V; Sigma, St. Louis, MO).

Purification of CD34" cells Jrom monenuclear cell fractions: To
purify CD34" mononuclear cells, the mononuclear cell fraction was subjected to
two cycles of immuno-magnetic separation using the MiniMACS® or
Clinimax® CD34 Progenitor Cell Isolation Kit (Miltenyi Biotec, Auburn, CA)
as per manufacturer’s recommendations. The purity of the CD34" population
obtained ranged from 95 % to 98 %, as determined by flow cytometry (see
below).

To further purify the CD34" population into CD34*38" or the CD34" Lin’
sub-fractions, the purified CD34" cells were further labeled using monoclonal
antibodies specific for CD38 (Dako A/S, Glostrup, Denmark) or lineage
antigens (BD Biosciences, Erermbodegem, Belgium). The negatively labeled
fraction (CD34CD38" or CD34" Lin") was measured and sorted by a FACS

sorter,
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Ficoll-Hypaque gradient (1.077 gram/ml; Sigma), and centrifuged at 400 g
for 30 minutes. The mononuclear cell fraction in the interface layer was
collected, 15 washed three times and resuspended in phosphate-buffered

weAiNgdRBS) solution (Biological Industries) containing 0.5 %-PoViRg ae0215
serum albumin (BSA, Fraction V; Sigma, St. Louis, MO). Purification of

CD3t cells from mononuclear cell fyactions: To purify CD34' mononuclear

cells clear. gell fraction jected to 2Q two, cycles of

FEICHR

immu'rgz)-maggr’%%% sse%rlaﬁ%tgﬂnﬂsm% ¢nﬁe%l\§/|lljr11bilj Rfﬁ?&&%{’#ﬁ%@%ﬁiﬁ%%&

exprmyafngto}h@agd scaiﬁiignnt(iéu@&ﬂigeayixf'gm@@e %&gbiamﬁetﬁtemCeii
anyfacturer's recommendations. The purity of the CD34+ population

Te%&q %%ﬁ\;gaéﬁ?%vﬁ%%@/b%%@%y as determined by flow cytometry (see

belowl. #d edpiilespurfie COBAIRoMAR AR O s

CD34+Lii_sub-fractions, the purified CD34+ cells were further
(Amasaissrdrivereneal SeukoritbsrshucaidMby, €538 thakorudGtostrap]x10°

K i e igens (BD Bioscie . Erermbodegem, .
C€:EBl)gglum . (ﬁlgie%%ﬁ{/e #ﬁab%?éaa 1%%@%%(%@@@@%%5@%@&%“
cyvodinrie Suredbapdisti¢ibo ) ffBuBR S QNIes )M 2ODHOAROITI stem

F?CT/ILZ?Qé}/DOOZlS 171 For CD34Zin purification, the CD34- fraction
“Cwadtpletet! i edisespeiamleReayEtRmgndl Bgigh Retenivich,
InSelgeder,commes! '%%“8}0%0\{9%%“%’ﬁ%neg%gggﬁ%ﬁ%é,

vivo expansion: Purified CD34+ cells were cultured in cultur

Lyglidiedican Ellobosedl Gol Gathefsbuf) MA/USA) atcaleasdenttioniafa
4 ells/mlin ME % ECS containing the following human
hu%cjdo?é (lgngn 089%%%e%é%h$or§9&pé‘?eﬁﬁr (TPE), ShtBHistITEE (Tenksnisheds
wéigandfanthsiemeceel] faptom{SGme hofiupadh atafinahrgncenyelionofR0

nn\%snﬂ (Perpo Tech, Inc., Rocky Hill, NJ, USA), with or without the P!
Ereiih SRR BROD B 15/ 9uen 2o 0 to theltesmimrtig 66 oexwimants

thdneukated a?d Gyinprhumidified gimosphere Al 398,€ R NAK I wing
cultures were replenished

staming with trypan blue. At various time points, harvested cells were used to

assay the content of colony forming units in culture (CFUc), enumeration of

CD34+ cells following re-seiection and immunophenotype analysis. Cell

morphology was determined on cytospin (Shandon, Pittsburgh, PA, USA)

prepared smears stained with May-Grunwald/Giemsa solutions.

Surface antigen analysis: The cells were washed with a PBS solution
containing 1% BSA, and stained (at 4°C for 30 min) with fluorescein
isothiocyanate (FITC)- or phycoerythrin (PE)-conjugated antibodies. The cells
were then washed in the above buffer and analyzed using a FACScalibur® flow
cytometgr (Becton Dickinson, San Jose, CA, USA). The cells were passed at a
rate of up to 1000 cells/second, using a 488 nm argon laser beam as the light
source. for excitation. Emission of 10% cells was measured using logarithmic
amplification, and analyzed using the CellQuest software {Becton Dickinson).
Cells stained with"FIFC- and PE-conjugated isotype control antibodies were

used to determine background fluorescence.
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weekly, for three weeks, with the same volume of fresh medium,

Ly294002 and growth factors. From week three and up to the termination

of the experiments the cultures were weekly demi-depopulated. Cells
wovenesgoesited following 15 staining with trypan blue. At varigaIAneo4/60021s

points, harvested cells were used to assay the content of colony forming

units in culture (CFUc), enumeratidf? of CD34+ cells following re-selection

and Peraemoptréroty) € BAdly sidl] Cellzmorhnl egyanatoAetaTRIRSHIOR of
prepared smears stained with

spin, (Shandon, Pittsbyrgh, PA, U
O B R B ST Ao PO B RO, PR Prbeng
hemeiepviashedrabdhad? BRIROl W talniRe A6 '
, e:forgpé) min) vgith%oresCein’_iso%oﬁgn%%%%ggﬁﬁf&%&%%%@éép
Is0{BE I onjtih atd Y AlemEdieBiTtee) celkcanedmehentvastied inmhewdhowzers

anal [ libur(r) flow .cytometer (Becton
e B R SRt s
culigrE008reatigisatondo using kB S fitmangaoragertedvnasipertiabt, The

source for igation. Emission of 104 cells was measured usin
p“%%a‘r’. htr%c%;sr%%l%ﬁggﬁéﬁt%ﬁj{%&ﬁ%l?%ﬁmn@’%g et § by
flotBegtombiekinsDrk-+Calls staired Wit TG yxand REseopiuoatad, isoLvps.
fc)}§ontr‘ol antibodies were used to determine background fluorescence. WO

/OW‘S@E??YP@TE%4E@@®2&®OWE®&@M&ETO rephiGiisuivcelifier
exPARRAL AURRARS AR TG SAUERE L, S é?r%é 5 %I)és Véi)le ?891;?;[(? é%%%e | rgm

a purified, re-selected fraction of expanded hema
sulgeltediging eharNisiNACE DBSY arogeibidee inisalaiion kit (Miteayiture

iotec) according to the manufacturers 5 recommendations. In brief,
VO%@%%&%%& %gl S%lé?ﬁéac] ?W%h‘e%%rt%n%ﬁheﬂ%ﬁﬁ@m@@%%j@ﬁ@d
toptetiveedies nhi e AIREN CTIERERASSRALNIOR. ﬁBﬁnﬂé*RJJqu]ﬁlaEégmed

CD34+_population thus obtained was 95-98%, as evaluated by flow

UrEGhEmE TS ditFeoHidnont idecetirdesaitdepapabitaryldted asture
e By B e e R IR P e
Pasgagese Folbjqensionremsrifidatione(CH3vidiag The DB insiimpleo teial
theCMIlCe by the number of inoculated CD34+ cells (Fold expansion = total
CD34+ content/CD34+ inoculated). FACS analysis of cells from § week
cultures showed that the forward light scatter (FSC-H) and side light scatter
(SSC-H) of the repurified CD34+ cells were similar to those of the CD34+ cells
before culture. Giemsa staining showed that the morphology of the cells was
identical to that of freshly purified CD34+ cells (data not shown),
Determination of early CD34+ cell subsets: The percentages of the
early CD34+ cell subsets were determined as well from the re-purified CD34+
cell fraction. Cells were dually stained with PE anti-CD34 and FITC anti-CD38
antibodies for determination of CD34+CD38§- cells, and with PE anti-CD34
antibodies and 2 mixture of FITC-conjugated antibodies against differentiation
antigens (CD38, CD33, CD14, CD15, CD3, CDé61, CD19) for determination of
CD34+Lin- cells. Antibodies to CD34, CD38 and CD61 were purchased from
DAKO (Glostrup, Denmark) and antibodies to CD33, CD14, CD15, CD3 and
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volume/volume of repurified sample). Up to week three the cultures were
topped weekly with fresh medium. Therefore, the culture volume was
measured directly. From week three and on (due to demi-depopulation),

\R;B%&H}H‘)‘@GS volume was calculating by multiplying the actlﬂgjlg\/ﬂgm 00215
y div i

with the number of passages. Fold expansion was calculate iding
the CD34+ cell content of the cultyge by the number of inoculated CD34+

lan.= I 34+ t/ + lated), FA
O e B i e T et e g e
abgratmbfEBCatd) axprsicedlightsnatengd (FSCHIyef thlsepurifiedisOad:
I imilar tq th he CD34+ cells bef lture. Gi
SRR GHONEGHAL U rbRAOGHHo P GBI 5. en ESaed
sy ouafiad 684 cotsdainnal-sRan) ARIRMINEHPR Gl 6Atbhvion
S

CD34+ cell subsets: The percentages of the early CD34+ celf subsets
St%Rere determined as well from the re-purified CD34+ 25 cell fraction. Cells .

wer%ﬁul? in It PE anti-CP34 and FITC anti-CD38 antibodies for

det_ermi %%%?@D%%fgﬁlg%?cel s,oéjn%ow?fﬁ cI:?CIE 8%‘%’&%3 tod ieﬂéle

resaitthg mikurepobEIfidwonjsgptefbantb adiag aliqinst diffespatistiented on
,ranti,%. ns '(]CD38, CD33,CD14, CID 15, CD3, CD61, CD19) for

B At

R BPEB AR CRE I SRn s EE FERIRCBES &ridle et

fixegraseehapadVEsnteeRAKR KGR AL ReAmask): A0 anik QQd'ZSFcE‘H :
CD33, CDI4, CD15, CD3 and WO 2004/078917 PCT/IL2004/000215 73
CD Y5410 /0B EabDiSlarsdng Sxtl9 I€F Baly. FMoscanalysis selbultzeot

t CD34+ cells.
B T IR i e o
(SignteattdffrdrHe 16tal bovirer efrGR34tbestls resysredifeliowing the
-purificati tep. M logical t: Morphological
I RGeSk e RUrD popudiinS WESTERolFilo Sl
Indaligieds, of cellzHenrasiad Ri-GaEslides a&@agytg%@?r}]ﬁﬁyt%ﬁmﬂ{%en,

Shandon, Runcorn, UK). Cells were fixed, stained wit

SvikERlantwAIR ad s shaith ahd CRafmhdd- R csbBbAIGSEobagsay For
ng/afllopyrFOTURY) GRISAGRYaY,MP ?@&%&S?FS%%%%r%ﬁmg the mixture
was divided into two 35 mm dishes. The dishes were incubated for 14 days at
37°C in a humidified atmosphere of 5% CO, in air. At the end of the incubation
period, myeloid and ervthroid colomies were counted under an inverted
microscope at 40x magnification. CFUe content of the expansion cultare was
calculated as follows: Total number of scored colonies per two dishes x total
mononuclear cell number/1500. Up to week three total mononuclear cells were
determined by multiplying the number of cells per mi by the culture volume.
From week three and on, number of passages was also taken into account {due
to demi-depopulation).

Results:

In order to determine the effect of inhibition of the PI 3-kinase signal
pathway on differentiation and expansion of stem and early progeitor cells,
hematopoietic stem cell cultures were established as described hereinabove:

CD34+ cells were supplemented for three weeks with a cytokine cocktail, with
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added, (1500 cells/ three ml), to semisolid medium, containing
methylcellulose (Sigma), 30% FCS, 1% bovine serum albumin (BSA),
IXIO-5 M 5- mercaptoethanol (Sigma, St Louis, MO), 1 mM glutamine
wPeligisa} ,Industries), 2 IU/ml erythropoietin (Eprex, Cilag §&G-Mbaos/n00215
Schaffhausen, 15 Switzerland), SCF and IL-3, both at 20 ng/ml, G-CSF
and GM-CSF, both at 10 ng/ml (Pe#po Tech) and 2 p,M hemin (Sigma).
anfokawing sikrosheixtuginies dividethintotyddmmdishes; g‘t%
dishes were incubated for 14 days at 37C in a humidified atmosp?l re%]%

posmiielcer ¢ smansich B nyidng e briclisaposuyseriotheni lekinanel imtyitkitoid

galoni r ran inverted 20 microscope at 40x :

e e B R T RO WA el s

EzfditolDIbtalDBgabEMsedned caldrgs PETIG-ASRER X peddknitor cells
mononuclear cell number/ 1500. Up to wegek three total mononuclear cells

Wi P T RS0 UM VIF hafRintBitagrsens 1os Fsyimentulidaie
pri/QUARe: BN ¥ akdNERR S0P IHIRES O MASSAYRS AR also taken

into account (due 25 to demi-depopulation). Results: In order to

detelrfiiae tiadisist ofintibitisa oftthievp| 3-kikasd Bighell3 padewansirates
sidifferentiation.and expansion of stem and early progeitor cells, , .~
“hemator oi{éil% %s’"t m %%%%ﬁ?u?ése weré lé’gt%ﬁﬁéﬁ %ﬁﬂa%“a SRribety D38

anfer€iidBoven30CH34m calipiersuppletentaddar ﬂ@.eﬁ’/ﬂveﬁlf@ V‘th%,
_cytokine cocktail, with WQ 2004/078917 PCT/1L2004/000215 174 and
SRR LT e BY PRI RIS Ly B0 B0 ZO B tBHHAES (e riitor ).

refpRiantial forexpansionfellewing %ﬁﬁﬁi?@%f@stﬂ? Pl 3oke8Geated

inhibitor, beginning from week three the cultures were supplemented with

ang AOTERGIFIES Wit Fgrper 32 LT3 34-T6D 244 P 4AAIDAR L BOS 4hoBRUD)

PO EPoBas D3 hoSLin
L B D e B

_€X S were analy
sigmifiesintlonti SAC $ dabykisokciihibésatbyeweeks (Table3)sx 10 cells

demonstrates Siguiucantly higher percentages of early progenitor cell su
Sl ATty S e A

ThanebRiefb.of late progenitor, CD34+ cells was similar in both treated (65 %
10° cells) and untreated (55 x 10* cells) cultures. However, the frequency of
CD34+ cells among the total cultured cells was higher following two-weeks

PI3-K-inhibitor treatment (0.3} than the frequency control cultures (0.2).

Tablel3: The effect of LY294002 on ex vivo expansion of early and late

progenitor cells

TNCx10*

CD34x10° | CD34+CD38- | CD34+CD38- | CD34+Lin- | CD34+Lin-
(%) x16* (%) x10°
Cytokines | 218 65 2.2 1.4 1.0 0.6
Cytokines { 155 53 9.1 4.8 2.5 1.3
. ;
Ly294002 |

Morphological assessment of the cultured hematopoietic stem cells, after
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10 respectively), compared with those in the control cultures (2.0 and 1.0,
respectively). Representative FACS analysis of samples of
Ly294002-treated and control cells with respect to CD34/CD38 and
wORB4/8B38/Lin is shown in Fig.46. The absolute content oé€iABHvGEdBH:S
and CD34+CD38-Lin- cells was significantly higher in Pl 3-kinase
inhibitor-treated (9 x104 and 2.5x 104 cells 15 respectively) than in control
threaltuvesk? xi 04uindd, x 434 celtmrBspéetivelyaittie qantertatiaiee of

rogenitor, 4+ cells was similar in both treated (65 x 104 cells) and
ch ﬂF?&QFé@ éﬁ%o&&ﬂu%ﬁ%ﬁﬁ%&ﬁ%@%ﬁ &@ﬁ%ﬁbéﬁo}é@%ﬁé&ﬁ as
AMOAE e tladcpitierd sellawas-highen foliow} : i
Cc}%@i%!f-K-inhibitor. treatment %3) thar?ﬁ?he frequency co%ﬂ%%%gg%%?h
cylphitebhdmethieceftéit of LY294002 on ex vivo expansion of early and late

progenitor cells, TNCx104 CD34x104 CD34+CP38- CD34+CD38-. .

A S T el 10 et Yels S piionong
theCHioRiiesatb S hithdl IpdtBvead 13 stey2940R2 Morphielpgical @ssessmestof

the.cultured hematopoietic stem cells, after WO 2004/078917 ]
SR TSI P TRPIRT BT 7l diiigren 8 teresyly progenitor

ccligmopsiigiediine persisienca:alehamriensic LP3Lagl maphalogy in
cells exposed to LY294002, as compared with the macrophage-like
a Hpplsabanethetithensnpwis e dramrtatiyorindsstormsyltigisd BasPlaken

,M%Q&eip%v%ﬁaq %SEA%S &&%gé@g&@ -gg% t%wesgsl%gglgiﬁggggg%ég%gg@%c

-kinase signal pathway In"stem cells; by a Tow mo a
heinttilitweGteaely diffiblasiaeibrelberalsliyjsidnisitisie mfery. Riegeni@lvity
cells, as compared to cytokine treatment alone. Without wishing to be
caly nﬁﬁa‘ﬁvtoe}épgﬁdfg‘ h?ﬂbﬁﬁeé‘i’é‘}%‘ﬁé‘%o@%@‘?ﬁ{%ﬁ’ﬁi‘été‘ﬁ oRBPth e r&3Tits

progdfiabPtAI kinasesisiovelvaddrdhs,dovnatreamgional tansduelion,
pathway governing
turn the balance of stem cell division toward stem cell expansion.

It is appreciated that certain features of the invention, which are, for
clarity, described in the context of separate embodiments, may also be provided
i combination in a single embodiment. Conversely, various features of the
invention, which are, for brevity, described in the context of a single

embodiment, may also be provided separately or in any suitable

subcombination,

Although the invention has been described in conjunction with specific
embodiments thereof, it is evident that many alternatives, modifications and
variations will be apparent to those skilled in the art. Accordingly, it is
intended to embrace all such alternatives, modifications and variations that fall
within the spirit and broad scope of the appended claims. All publications,
patents and patent applications mentioned in this specification are herein
incorporated in their entirety by reference into the specification, to the same
extent as if each individual publication, patent and patent application was

specifically and individually indicated 1o be incorporated herein by reference.



hematopoietic cell differentiation. Therefore, inhibition of Pl 3-kinase
activity can allow expansion while inhibiting differentiation of stem- and
early progenitor cells, such as those selected by CD34 and CD133
waibegigs-and turn the balance of stem cell division towarg stam,cell -1
expansion. is It is appreciated that certain features of the invention, which
are, for clarity, described in the cefgext of separate embodiments, may

In al&at i in; natian | ' f. versel
ol e o B Do bt
noichhroassuadmgle ahtedmehet memp atdorbecprivided adparaielorinto
itable_20 subcombination. Although the invention has been

: meﬁéé%%;gqﬁ%nﬁgﬁ}]‘unction with specific embodiments thereof, it is evident
that many alternatives, modifications and variations will be apparent to
those skilled in the art. Accordingly, it is 25 intended to embrace all such
alternatives, modifications and variations that fall within the spirit and
broad scope of the appended claims. All publications, patents and patent
applications mentioned in this specification are herein incorporated in
their entirety by reference into the specification, to the same extent as if
each individual publication, patent and patent application was 30
specifically and individually indicated to be incorporated herein by
reference. WO 2004/078917 PCTAL2004/000215 176 In addition, citation
or identification of any reference in this application shall not be construed
as an admission that such reference is available as prior art to the
present invention. WO 2004/078917 PCT/IL2004/000215 177
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1d patholddic, d
method of claim’1 aid stem cells aré early fiematopoietic anaror
prieusssp Sietic Pedgehitdteéft833. The method of claim 1, wherein said

dylator select bl lating a Pl 3-ki ivjt
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an mRNA transcript encoding a PI 3-kinase; (c) a ribozyme which
specifically cleaves Pl 3-kinase transcripts, coding sequences and/or
promoter elements; (d) an siRNA malggule capable of inducing
degradation. of Pl 3-kinase transcripts; and (e) a DNAzyme which
specifically cleaves Pl 3-kinase transcripts or DNA. 4. The method of
A3l MERdShhibitor of PI 3-kinase activity is Wortmannin or
LY294002. WO 2004/078917 PCT/IL2004/000215 186 5. The method of
claim 1, wherein said modulator capable of downregulating PI 3-kinase

activitylor expheBSTORGA gend eroadi T Jukinhda iadidfmepiiation of a

popiNAseTHRRLY . Bt diie.MmeRed Rl elaiton RGTen said anti-PI 3-kinase
antibody is ScFV or Fab. 7. The method of claim 3, wherein said

providirig is ePEciSinEyheratkientkexprasenngisams dptiedhpeoliferation;
polynugigotidg, SaiglsiBomimensaid iR maAtecHle opsaidNAZYMme

within a stem cell. 8. The method of claim 3, wherein said providing is

effectdd Bl EPproling Kivaspracdipiz peihusrbllaetagiastebicapable of

eXpres{ﬁﬂ\gﬂ§§&q’aﬁﬁgWﬁ?—PﬂXMﬁ%@%rsﬂ%}Eiﬁ@ﬁﬁ?ﬁo?%@eﬁﬂﬂ@bding a
e

molecule or said DNIAzyme, and s (b) stably integrating said expressible
polynutiesti8sfito a genome of a cell, thereby providing a modulator

aapAle-ol deveipaulating@ i%h%-ikiﬂagsﬁf?&gﬂ{%i@ﬁ BF HKIRASRIFGNE of stem

expression. 9. The method of claim 3, wherein said inhibitor of Pl 3-kinase
Getivity is an expressible polynucleotide encoding an anti- Pl 3-kinase
ScFv or Fab. 10 :

2. The method of claim 1, wherein said stem cells are early

hematopoietic and/or hematopoietic progenitor cells.

3. The method of claim 1, wherein said modulator selected capable of
downregulating a PI 3-kinase activity or an expression of a gene encoding a PI 3-
kinase 1s selected from the group consisting of:

(a) an inhibitor of PI 3-kinase catalytic activity;

(b) an antisense polynucleotide capable of specifically hybridizing with

an mRNA transcript encoding a PI 3-kinase;

{c) a ribozyme which specifically cleaves Pl 3-kinase transcripts, coding

sequences and/or promoter elements;

(d) an siRNA molecule capable of inducing degradation of PI 3-kinase

transcripts; and

{(e) a DNAzyme which specifically cleaves PI 3-kinase transcripts or

DNA.

4, - The method of claim 3, wherein said inhibitor of P1 3-kinase activity
i1s Wortmannin or LY294002.
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10. The method of claim 1, wherein said providing said conditions for cell
proliferation is effected by providing the cells with nutrients and cytokines.
15 11. The method of claim 10, wherein said cytokines are selected from

WWQ,&%%JWSQN PCT/1L2004/060215 187 the group Consfi'?‘ti?ﬂé%ﬁﬁw%s

acting cytokines and late acting cytokines. 12. The method of claim 11,
wherein said early acting cytokinessare selected from the group
consisting of stem cell factor, FLT3 ligand, interleukin- s 6, thrombopoietin
and interleulcin-3. 13. The method of claim 11, wherein said early acting

cytokine is Toer3urihnd. ab elimhd melseinf stidmmadwiiereirapaiddatd

d ' re. selected from the group consisting of granuloc )
B S L T S Sty
lefastors anchetyRirdpaiesis ahbbbbe. method of claim 11, wherein said late

acting cytokine is 15 granulocyte colony stimulating factor. 16. The
method of claim 1, wherein said stem cells are derived from a source

seleged fromdhgaiouR ensainoaihemaionaistiortellkinay aheshy is

oligodendrocyte cells, skin cells, hepatic cells, embryonal stem cells,
Scrﬁ?ﬁé:@@ cells, bone cells, mesenchymal cells, pancreatic cells,
chondrocytes and stroma cells. 17. The method of claim 16, wherein said
stein cells are derived from bone marrow or peripheral blood. 25 18. The
methibd of dasmighwhereiidaidsterhaells sseiderivedifiony aelor@lby
it umbilical cord blood. 19. The method of claim 1, further comprising the
LB etREiRT S Séé%ﬁﬁ%ﬁ?&rpa @B%@&&@mmmﬁ%@%ﬁ%&
metesniealissal882R-Fhe Miethed ealai19, wherein said selection is

affected via
8. . The method of claim 3, wherein said providing is effected by
(a)  providing an expressible polynucleotide capable of expressing
said antisense polynucleotide, said ribozyme, said siRNA molecule or
said DNAzyme, and
(b)  stably integrating said expressible polynucleotide into a genome
of a cell,

thereby providing a modulator capable of downregulating a PI 3-kinase activity

or PI 3-kinase gene expression.

9. The method of claim 3, wherein said inhibitor of PI 3-kinase
activity is an expressible polynucleotide encoding an anti- PI 3-kinase ScFv or
Fab.

10. The method of claim 1, wherein said providing said conditions
for cell proliferation is effected by providing the cells with nutrients and

cytokines.

11.  The method of claim 10, wherein said cytokines are selected from
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CD34. 21. The method of claim 1, further comprising the step of selecting
a population of stem cells enriched for early hematopoietic
stem/progenitor cells. 22. The method of claim 21, wherein said selection

wi§ aligstas yia CD133. 23. A method of transducing expandggy 1 »oe4/060215
undifferentiated renewable stem cells with an exogene, the method '

comprising: (a) expanding and inhjkiting differentiation of a population of

theRtlns e el UhRieUiR;aeiatem selia i aapditions for

cell proliferation; (ii) providing said stem cells with an ctive
concentration of a modulator of Pl 3-kinase activity, said modulator

selected capable ownregulatin Pl 3-kingse activity or an _ .

exprfe%?sion 0 alﬁgég%eﬂvéngﬁ?@y&@%ﬂgs ,a/ﬁ i 8 CH R iifre
selaveedifestedhio mtrenuropxiviigs STetehyRXPAREIRATENY ihiRitiNgericukin-

differentiation of said stem cells; and (b) transducing said expanded,

6, (HamErPOIEEFatbAEMGAE the exogene. 24. The method of claim 23,
wherein said transducing is effected by a vector including the exogene.
25. The method of claim 23, wherein said stem cells are early
hembiopoidtie ardiodhefdepoiktic whegsniter detmWRHRGD4/0F89E 7is

FL%T{%IEI%QOMOOOZB 189 26. The method of claim 23, wherein said
moddiator selected capable of downregulating a P1 3-kinase activity or an
expression of a gene encoding a Pl 3-kinase is selected from the group

consisting of. (a) an inhibitor of Pl 3-kinase catalytic activity; (b) an

antiie%we FriEEeHRS Cpanid brebemstranchiptidicing withlines are

selQRRAHANSSHPLRNGP iRl o anfa )RR GERiRR Sl
cleaves Pl 3-kinase transcripts,
granulocyte/macrophage colony stimulating factor and erythropoietin.

15, The method of claim 11, wherein said late acting cytokine is

granulocyte colony stimulating factor.

16, The method of claim 1, wherein said stem cells are derived from
a source selected from the group consisting of hematopoieﬁc cells, neural cells,
oligodendrocyte cells, skin cells, hepatic cells, embryonal stem cells, muscle
cells, bone cells, mesenchymal cells, pancreatic cells, chondrocytes and stroma

cells,

I7. The method of claim 16, wherein said stem cells are derived from

bone marrow or peripheral blood.

18.  The method of claim 16, wherein said stem cells are derived from

neonatal umbilical cord blood.

19.  The method of claim 1, further comprising the step of selecting a

population of stem cells enriched for hematopoietic stem cells.



coding sequences andior promoter element; (d) an siRNA molecule
capable of inducing degradation of Pl 3- kinase transcripts; and (e) a
DNAzyme which specifically cleavesiB®§ 3-kinase transcripts or DNA. 27.
The method of claim 26, wherein said inhibitor of Pl 3-kinase activity is
Wortmannin gr LY294002. 28. The method of claim 23, wherein said

modulétbr capa6I&rsthatviirsGimathg W@ﬁﬁ’aﬁlécwwtﬁ’rnei?pr@%%%ﬁﬁi ofia

@mgene encoding PI 3- kinase is an anti-Pl 3-kinase antibody. 29. The
method of claim 28, wherein said anti-PI 3-kinase antibody is ScFV or
Fab. 30. The method of claim 26, wherein said providing is effected by

transne,ntly expﬁ@sm@&&a@faﬂ&wnseﬁm@w%ﬁ@m%@% HROZYMRISAIs a
A moI cule or s |d DN me within a stem cell. 31. The method of

Shelem Sl for effbtebrBYR I paIHiovampragenitor cells.
expreSS|bIe polynucleotlde capable of expressing said antisense
polynucleotide, said ribozyme, said SIRNA molecule or WO 2004/078917
P IE2004/0062 15 b ah HBRAZmELSIRD (55 a5 SHRSy ARG ckad via
@eRpnsssible polynucleotide into a genome of a cell, thereby providing a
modulator capable of downregulating a P1 3-kinase activity 5 or Pl
3-kinase gene expression. 32. The method of claim 26, wherein said

inhibitag of P131kinhse odetitityhisian exprassiblepatirugleeiide RRe0MNGem
Pl 3-kinase ScFv or Fab. 33. The method of claim 23, wherein

anti-
g%‘%%ﬁ&%"%ﬁ?&» %ﬁd‘i’t‘?g?@ fOFEEIPP¥liferation is effected by providing

the cells with nutrients and to cytokines.
(a) expanding and inhibiting differentiation of a population of renewable
stem cells by:
(i) providing said stem cells with conditions for cell proliferation;
(i)  providing said stem cells with an effective concentration of a
modulator of PI 3-kinase activity, said modulator selected capable of
downregulating a PI 3-kinase activity or an expression of a gene encoding a
PI 3-kinase;
wherein steps (i) and (ii) are effected in vitro or ex vivo, thereby expanding
and mhibiting differentiation of said stem cells; and
(b) transducing said expanded, undifferentiated stem cells with the

CROogene.

24, The method of claim 23, wherein said transducing is effected by a

vector including the exogene.

25. The method of claim 23, wherein said stem cells are early hematopoietic

and/or hematopoietic progenitor cells.



34. The method of claim 33, wherein said cytokines are selected from the
group consisting of early acting cytokines and late acting cytokines. 15 35.
The method of claim 34, wherein said early acting cytokines are selected

whomibeserpup consisting of stem cell factor, FLT3 ligand, ipteflawsizobezis
thrombopoietin and interleukin-3. 36. The method of claim 34, wherein

said early acting cytokine is 20 FU¥3 ligand. 37. The method of claim 34,
wheBgin saithtetectntigylaiines arkespleatRliiodnlherAauRGoDSH I

of granulocyte colony stimulating factor, granulocyte/macrophage colony
of ﬂﬁﬂf&%&%@@r Bhd-SRtsFRoIst. I8 Pre g deaaipmading

pIwherein said late. agtng ﬂi/é%‘ﬂﬂ%»iéo%i%%&ﬁ' gyte colony stimulating factor.
WO 2004/078917 PCT/1L2004/000215 191 39. The method of claim 23,

wheféin sait stéihitenleTRe dhivisd tasalydcsouiredselected from the

group.consisting, of hematopoietic cells, neural cells, oligodendrocyte .
cofin e BB AR S0 e R SR BB
cellswitiesemeRAatraalisipanareatic eells 3ckipngeqcytes and stroma
cells, 4C. The.m cc method of claim 39, w herein said stein cells are
deriV&d frofn W%Ww%rsé’@ﬁgh@%ﬁ' LTS8 0PA 13 -Kieasse W Bipts.

clain38s wherein saidsiem-cells are derived from neonatal umbilical

cord blood. 42. The method OFC|5II¥]2§J furthér comprising the step of

seletiihg 5 Fopdianietcotisterapeblls efiricidedify Hegradopiotetic’ sbéns-
cells 43, Th thod of claim 42, wherein said selection is affected via
CD34. %644. eprﬁéﬁ%fj of claim 23, further comprising the step of

sele¢ting a puNulatior oflsbnemels enlicbedfes eadyihematopaietsts or
ste%&genitor

27.  The method of claim 26, wherein said inhibitor of PI 3-kinase
activity is Wortmannin or LY294002.

28.  The method of claim 23, wherein said modulator capable of
downregulating PI 3-kinase activity or expression of a gene encoding PI 3-

kinase is an anti-PI 3-kinase antibody.

29.  The method of claim 28, wherein said anti-PI 3-kinase antibody is
ScFV or Fab,

30.  The method of claim 26, wherein said providing is effected by
transiently expressing said antisense polynucleotide, said ribozyme, said siRNA

molecule or said DNAzyme within a stem cell,

31, The method of claim 26, wherein said providing is effected by
(a)  providing an expressible polynucleotide capable of expressing

said antisense polynucleotide, said ribozyme, said siRNA molecule or
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cells. 45. The method of claim 44, wherein said selection is affected via
25 CD133. 46. A therapeutic ex vivo cultured stem cell population
comprising undifferentiated hematopoietic cells expanded according to

wiheumetheds of any of claims 1-45. 30 192 47. The cell popigtatios@fiooois
claim 46, in a culture medium comprising a modulator of Pl 3-kinase
activity, said modulator selected c#dable of downregulating a Pl 3-kinase

activitydobbihexpresaidn of a gene encoding a Pl 3- kinase. 48. The cell
popylation of claim 47, isolated from said medium. 49. A pharmaceutical
compsitiothBHEREHRE Saif SorpurssdcoP b lgatidvdinto a genome
phaw@c&qxgcaﬂy acceptable carrier. 50. A pharmaceutical composition
comprising the cell population of claim 48 and a pharmaceutically
thesebs prticliogr fenciultoneheblo bé dune qrelmiingpdXpaidete activity
or %%i_fﬁﬁ%ltia%%% herpgt?&?ietic stem cells for transplantation into a
recipient, the me?ﬁ%qacsomprising: (a) ex vivo expanding and inhibiting
differentiation of said hematopoietic stem cells by: (i) ex vivo providing
said emaﬁ%oietic stem cells with conditions for cell proliferation; (ii)

prov% ing shitf HBFBREpeictaiEie AP calacasinivaiditnhabiterfef R 3-kinase

actoReenUatan.atamodulaior. ol ik3-kinase,actlyity, saw medulater .
selected capable of downregulating a Pl 3-kihase activity or an expression

Fapf 5 gene encoding a Pl 3-kinase; thereby expanding and inhibiting
differentiation of said stem hematopoietic cells; and (b) isolating said
ex-vivo expanded, undifferentiated stem cells. 52. The method of claim

51, Whereiilsaiddtbothtdpdigtic 3lemiaksneaid providing said conditions
for cell proliferation is effected by providing the cells with nutrients and

cytokines,

34. The method of claim 33, wherein said cytokines are selected from

the group consisting of early acting cytokines and late acting cytokines.

35.  The method of claim 34, wherein said early acting cytokines are
selected from the group consisting of stem cell factor, FLT3 ligand, interleukin-

6, thrombopoietin and interleukin-3.

36.  The method of claim 34, wherein said early acting cytokine is
FLT3 ligand.

37.  The method of claim 34, wherein said late acting cytokines are
selected from the group consisting of granulocyte colony stimulating factor,

granulocyte/macrophage colony stimulating factor and erythropoietin,

38.  The method of claim 34, wherein said late acting cytokine is

granulocyte colony stimulating factor,
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30

early hematopoietic and/or hematopoietic progenitor cells. WO
2004/078917 PCT/IL2004/000215 193 53. The method of claim 51,
wherein said modulator selected capable of downregulating a Pl 3-kinase
warkhiby o an expression of a gene encoding a Pl 3-kinase is§8lesi85h00215
from the group consisting of: (a) an inhibitor of Pl 3-kinase catalytic
activity; (b) an antisense polynuclegtide capable of specifically hybridizing
with an mRNA transcript encoding a PI 3-kinase ; which 'f; Cl a rll"iv2:uiC
wiui.u specifically C1.eaVOS DT . i 31 aoi. transcripts, coding sequences

andRt-promigiereiaderislaian 2. sirrmimenid stere aslblerodedvaingom
' i r ipLs; a DNAzyme which
A e B ERLCR i SRR P Rl et
oligralem&3cytherelis, ssiithinteditoh ik 3eklnsanaofivinl iIStMOBRIRN R
I%Y%%OOZ 55. The rerthOd of claim 51, wherein said modulator capable
celf BRWHrEBh RMGTIS AR SEU R AR s G issRInsiagise
celRl 3- icinase is an anti-Pl 3-kinase antibody. 56. The method of claim 55,
wherein said anti-Pl 3-Icinase antibody is ScFV or Fab. 57. The method
of claim 53, wherein said providing is effected by transiently expressing
saidgantisense polypucleatide, said fhozyme, said siRNA malecule or
i A R e S i o
bomgprovidingasEifestédooyl.(a) providing an expressible polynucleotide
capable of expressing WO 2004/078917 PCT/IL2004/000215 194 said
antisense polynucleotide, said ribozyme, said SiRNA molecule or

41, The method of claim 39, wherein said stem cells are derived from

neonatal umbilical cord blood.

42.  The method of claim 23, further comprising the step of selecting

a population of stem cells enriched for hematopoietic stem cells.

43, The method of claim 42, wherein said selection is affected via
CD34,

44. The method of claim 23, further comprising the step of selecting

a population of stem cells enriched for early hematopoietic stem/progenitor

cells.

45. The method of claim 44, wherein said selection is affected via
CD133.

46. A therapeutic ex vivo cultured stem cell population comprising
undifferentiated hematopoietic cells expanded according to the methods of any

of claims 1-45.



said DNAzyine, and (b) stably integrating said expressible polynucleotide
into a genome of a cell, 5 thereby providing a modulator capable of
downregulating a Pl 3-kinase activity or Pl 3-kinase gene expression. 59.
The meuliod 047 claim 53, wherein Said 11111U itor of P1 3-kinase
activity is an expressible polynucleotide encoding an anti- Pl 3-kinase
ScFv or Fab. 60. The method of claim{&b, wherein said providing said
conditions for cell proliferation is effected by providing the cells with
nutrients and 10 cytokines. 61. The method of claim 60, wherein said

cytalgnes grg:seleciasbiiandbdhs iauR censistingaheariyaating SRS »

and late acting cytokines. 15 62. The method of claim 61, wherein said

modgl¥oactit cylokirkdngre serEiby frofdhenpdugieonsislestedr stamldsll of
: [ |, +.6, rgmgg)g i eukin- . )
d_o‘x'l%f%%r%ﬁegtﬂﬁ%%g %?%rgrﬁﬂg%é%%if gzgid early g%:%% %%ﬁéls&%%%ﬁgé PL3
kmﬁ@%nd. 64. The method of claim 61, wherein said late acting cytokines are
selected from the group consisting of granulocyte colony stimulating
factor, granulocyte/macrophage colony stimulating factor and
erythPopoidihs. 24 @spTatanetheldior ¢hiirrbicditereirishivediteracting
cytokine is granulocyte colony stimulating factor. 195 66. The method of
claim 51, wherein said stem cells are derived from a source selected from
the §foup dondistingwsikiea atspaiontios||sonepnsinge ke ofigbdpepiibtite of

clate s sking %ﬁmg{{gﬁgﬂg@gggg{g@g@gm cells, muscle cells, bone

cells, mesenchymal cells, pancreatic cells, chondrocytes and stroma cells.
67. The method of claim 66, wherein said stem cells are derived from

bo“?o'.“a”ﬁwﬁKa?%@B&%@éP'BS%posiﬁon comprising the cell population of

claim 48 and a pharmaceutically acceptable carrier.

51, A method of ex-vivo preparing expanded, undifferentiated
hematopoietic stem cells for transplantation into a recipient, the method comprising;

(a) ex vivo expanding and inhibiting differentiation of said
hematopoietic stem cells by:

(i) ex vivo providing said hematopoietic stem c¢ells with conditions
for cell proliferation;

(1)  providing said hematopoietic stem cells ex vivo with an
effective concentration of a modulator of PI 3-kinase activity, said modulator
selected capable of downregulating a PI 3-kinase activity or an expression of a
gene encoding a PI 3-kinase;
thereby expanding and inhibiting differentiation of said stem hematopoietic

cells; and

(b) isolating said ex-vivo expanded, undifferentiated stem cells.

52. The method of claim 51, wherein said hematopoietic stem cells are

early hematopoietic and/or hematopoietic progenitor cells.



68. The method of claim 66, wherein said stem cells are derived from
neonatal umbilical cord blood. 69. The method of claim 51, further
comprising the step of selecting a population of stem cells enriched for

mﬁmgg%iﬁtic stem cells. 70. The method of claim 69, Wherﬁ':nr E&gomm 5
selection is affected via CD34. 71. The method of claim 51, fur§1er 3

comprising the step of selecting a;gopulation of stem cells enriched for
early hematopoietic stem/progenitor cells. 72. The method of claim 71,
wherein said selection is affected via CD133. 73. A method of ex-vivo
prepating eblsandétbderhatopoieticrdetisiosaatiopiiddtomushatiedramyatike

ho gsi | ex vivo expanding and inhibiting differentiation of
o B R B3 T G S Er B M KR
P1 GelimeseviveeivttedchngditiangdRe densetmyeliferation; (i) providing said
progenitor hematopoietic cells with an effective concentration of a

modd@htor %‘F mbﬁ%gépﬁhh%?ﬁ%ﬂﬁﬂﬁaﬁlwgéﬁected capable of
dOW(HFgU|§H”&1ﬁ§%ﬁ§ékﬂ?ﬁ§&@fé5ﬁ{aeofz%%€féprcﬁsgigger&igc%ll%z@i bridizing

encoding a Pl 3-kinase; thereby expanding and inhibiting rentiation of
saidpridoaridtNde inanopdie o cslisganBi(B)lisnlsting said ex-vivo
expapded, undifferentiated progenitor . hematopoiefic cells. 74. The
metayd of SIAR PEKNETSH SHEHARR: to ST ESstem- cbifaTe TansRyipts,
hematdpgietquandmrdpdrbatapeietie plegentor cells. 75. The method of
claim 73, wherein said modulator selected gaﬁable of downregulating a PI

3-kindbe alfiviiROraneslsralsisaRsPlegeh ndagrratitan ek 3-
seleﬁggsg%hg}gglg@gﬂcponsisting of:

(¢)  a DNAzyme which specifically cleaves PI 3-kinase transcripts or
DNA.

54, The method of claim 53, wherein said inhibitor of PI 3-kinase

activity i1s Wortmannin or L.Y294002.

55.  The method of claim 51, wherein said modulator capable of
downregulating PI 3-kinase activity or expression of a gene encoding PI 3-

kinase is an anti-PI 3-kinase antibody.

56.  The method of claim 55, wherein saill anti-P] 3-kinase antibody 1s
ScFV or Fab.

57.  The method of claim 53, wherein said providing is effected by
transiently expressing said antisense polynucleotide, said ribozyme, said SIRNA

molecule or said DNAzyme within a stem cell.

58.  The method of claim 53, wherein said providing is effected by

(a)  providing an expressible polynucleotide capable of expressing
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(a) an inhibitor of Pl 3-kinase catalytic activity; (b) an antisense
polynucleotide capable of specifically hybridizing with an mRNA transcript
encoding a PI 3-kinase ; (c) a ribozyme which specifically cleaves PI

wdrkinagestanscripts, coding sequences and/or promoter ele@emtsadHd@dts
siRNA molecule capable of inducing degradation of Pl 3- kinase
transcripts; and (e) a DNAzyme wineh specifically cleaves Pl 3-kinase

transeiiptaniseRNApdldnddieon@shasi@f chimfe, Wwhereinsaid ﬁ‘é@ﬁ% gt
Pl 3-kinase activity is Wortmannin or LY294002. WO 2004/078

PCT%?L%@@MEW@H §97 77. The method of claim 73, wherein sald
modglator I regul k|n gse a tlvt or expressmn of
thtor capable, ol dawnregy é‘)?@%fs) gn%c nq d§1 och $fpome

a gene encoding PI 3- kinase Is an nt|
metlfddtstBlaim 77, wherein said anti-P1 3- klnase antibody is ScFV or

79. The method of claim sajd effected v_. 75, wherein Sa'ra
e S DA P S ARy

or Palyrielertictesaidibagyme, said sSiRNA molecule or said DNAzyme
within a stem cell. 80. The method of claim 75, wherein said providing is

effected by (a) providing an expressible polynucleotide capable of
expressingragid-antisense palynucleotide, said ibozyme, Sa,th'\$|R Kidase
t

A LINAEEL!

molecule or said DNAzyme, and s’(b) stably mfegrL“’E‘H‘gws*a expre
achpiPhischsoeikier fsibie gempmel cotideelicthingbynpronio B adneauIpy or

Fagapable of downregulating a PI 3-kinase activity or Pl 3-kinase gene
expression.
60.  The method of claim 51, wherein said providing said conditions

for cell proliferation is effected by providing the cells with nutrients and

cytokines.

61.  The method of claim 60, wherein said cytokines are selected from

the group consisting of early acting cytokines and late acting cytokines.

62.  The method of claim 61, wherein said early acting cytokines are
selected from the group consisting of stem cell factor, FLT3 ligand, interleukin-

6, thrombopoietin and interleukin-3.

63.  The method of claim 61, wherein said early acting cytokine is
FLT3 ligand.

64.  The method of claim 61, wherein said late acting cytokines are

selected from the group consisting of granulocyte colony stimulating factor,

granulocyte/macrophage colony stimulating factor and erythropoietin.

65.  The method of claim 61, wherein said late aciing cytokine is

granulocyte colony stimulating factor.



81. The method of claim 75, wherein said inhibitor of Pl 3-kinase activity

is an expressible polynucleotide encoding an anti- Pl 3-kinase ScFv or

Fab. to 82. The method of claim 73, wherein said providing said conditions
for cell proliferation is effected by providing the cells with nutrients and
cytokines. 83. The method of claim 82, wherein said cytokines are

selected from is the group consistihgpof early acting cytokines and late
acting cytokines. WO 2004/078917 PCT/IL2004/000215 198 84. The
method of claim 83, wherein said early acting cytokines are selected from
the @roup Ebnsi&t’lﬂlgcbbﬁtelnmeﬂ faetberdih TsBitigstant im‘éxlerﬂdd)erﬁ;ed from a
throm interleukin-3. 5 85. Th eth d of Ialm whe

SOUEHIdS ea y ac ng cy ef( re i FIOPSH l%\%do rmaeclz) r sald Ceus

ohgﬁldednieobmtedneéiﬁl mmMnIBthpmremeSalwmﬂn}aﬁMQsi@Mwer]eSmrﬁle cells,
selected from consistin ranulocyte colon stlmulatln

borg B B O A e

erythropoietin. 87. The method of clalm 83 wherein said late acting
cytokine i ranu 0 facto 15 88. The method af
Il 73, s IR A et DS ar s RO <N BB A

bo@mmmn@mmbbh@mmopmetlc cells, neural cells, oligodendrocyte
cells, skin cells, hepatic cells, embryonal stem cells, muscle cells, bone
cells, mesenchynnal cells, pancreatic cells, chondrocytes and stroma
ceIISSZO 89hd heamethed ofsilaines38yhdietieirasdidisiernctiellsraradidetdom

fro rro ripheral blood. 90. The method of claim 88,
e nl %ih%agfé)ﬁg (}?(l‘ﬂgdeare derived from 25 neonatal umbilical cord
blood.
69.  The method of claim 51, further comprising the step of selecting a

population of stem cells enriched for hematopoietic stem cells.

70.  The method of claim 69, wherein said selection is affected via

CD34.

71.  The method of claim 51, further comprising the step of selecting a

population of stem cells enriched for early hematopoietic stem/progenitor cells.

72, The method of claim 71, wherein said selection is affected via

CD133.

73. A method of ex-vivo preparing expanded hematopoietic cells for
adoptive immunotherapy, the method comprising:
(a) ex vivo expanding and inhibiting differentiation of said
hematopoietic cells by:
(1) providing said progenitor hematopoietic cells ex vivo with

conditions



91. The method of claim 73, further comprising the step of selecting a
population of stem cells enriched for hematopoietic stem cells. 30 92. The
method of claim 91, wherein said selection is affected via 199 CD34. 93.
The method of claim 73, further comprising the step of selecting a
population of stem cells enriched for early hematopoietic stem/progenitor
cells. 94. The method of claim 93, vglgerein said selection is affected via
CD133. 95. Use of an effective concentration of a modulator of Pl
3-kinase activity, said modulator selected capable of downregulating a PI
3-kinase agfivitylgrralifeexpsassion of a gene encoding a Pl 3-kinase
thereby ex differentiation of a renewable population

anding.and inhibitin
of bone m 30\53?% ﬁglgp%ﬁggﬁﬂ’rtﬁﬁwig?@ﬁ&??&% ghorifprge effective

manidfashire Riradhedicampibf @ TPPBLIZING D ONEyIRAKAW SO SRISHIR e d
the peri%rl'}srg Ict{)éood of the donar for subsequent harvesting of the cells by

leukBiph BITSRG HR SfeetivE U AROR AT SHIBKFITRB Yt PBSne
3-kispsgiiagtvity 3 Saishgaodulator selected capable of downregulating a Pl
3-kinase activity or,_an expression of a gene encaoding a Pl 3-kinase, _
therE5F R paridhiRP L idfitbitiH tittese nfiiRAURA BN bl abiaihopiRgraor
her@disiemeelisiupandadministration to a /3- hemaglobinopathic patient, in the
manufacture of a medjcament for inhibiting maturation/differentiation of
precursor Ells in' S0 B SO biRoEEEhi ARt anthdiFfraratiptRso progenitor
remeyahefpsaiddredylator of Pl 3-kinse from said patient, said stem. cells
undergo accelerated maturation resulting in elevated fetal hemoglobin
production, thereby ameliorating symptoms of /j-hemoglobinopathy in said

patient. 97 e uae.ef G6: Wherey) he-Ratielireaeiies R iehioking: Wk are
2004/078917 PCT/IL2004/000215 200 said patient a cytokine. 98. The

carly, BiBRl GTUrAIR O/ An ReveroBaietih Birgerdrserdited capable of

downregulating a Pl 3-kinase activity or an expression of a gene encoding

75, The method of claim 73, wherein said modulator selected capable of
downregulating a PI 3-kinase activity or an expression of a gene encoding a PI 3-
kinase is selected from the group consisting of?

(a)  an inhibitor of PI 3-kinase catalytic activity;

(b)  an antisense polynucleotide capable of specifically hybridizing
with an mRNA transcript encoding a PI 3-kinase ;

(¢) a ribozyme which specifically cleaves PI 3-kinase transcripts,
coding sequences and/or promoter elements;

{(d)  an siRNA molecule capable of inducing degradation of PI 3-
kinase transcripts; and

(¢}  a DNAzyme which specifically cleaves PI 3-kinase transcripts
or DNA.

76.  The method of claim 75, wherein said inhibitor of PI 3-kinase activity
is Wortmannin or L.Y294002.



10

13

PI 3-kinase is selected from the group consisting of: (a) an inhibitor of PI
3-kinase catalytic activity; (b) an antisense polynucleotide capable of
specifically hybridizing with at, rnRNA trariscrlpt encoding a PI J-kinase (c)
wo Bhgyhag;which specifically cleaves Pl 3-kinase transcriptsc£ading 000215
sequences and/or promoter elements; (d) an siRNA molecule capable of
inducing degradation of Pl 3- kind&eé transcripts; and (e) a DNAzyme
whi¢h.spetiicatigttledves Bl Brkifiaseniiarsaripiscombiviat8P. chhsyieetiod
of cl said inhibitor of Pl 3-kinase 5 activity is Wortmannin

speticast
el S g e e A il S

kingaprhbie g{tgdppm;gggg@tggﬂiﬁj(gﬁkinase activity or expression of a gene
encoding PI 3- Idnase is an anti-PI 3-kinase antibody. 101. The method of

claim 100, wherein said anti-PI 3-kinase antibody is ScFV or Fab. 102.

Th@gjeth%@{r@ im:9 herein said inhibitar of Pl 3-kinase activity is an
expressible po yr%g}ieg i \gélel%rl]?&%ﬁegﬁl%ﬁﬁgﬁ%{%fgég%ﬁ\%ﬁmﬁ B1s
ScF08r Fale. method of claim 97, wherein said cytokine is selected from the

group consisting of early acting cytokines and late acting cytokines. 201
104. The use of claim 103, wherein said early acting cytokines are

selgéted fim therBsauprCaRsisting gfisiem %@Jﬁdaﬂ}m&:ﬂg '&gw' Wed ny
interleukin-6, thrombopoietin az}:iginterleuln-& 105. The | sgo 55%?#1”6/3,
L 0opol .
tranfsBtkis er v paidinrisgsrine i miTatidgandd 18- The UssdofiRINiA
mo}%@{{q,cvg?gggmli@?ﬁgeaﬁm%c%%kmgsiﬁre selected from the group
consisting of granulocyte colony s |muﬁat|ng factor,
granulocyte/macrophage colony stimulating factor and erythropoietin.
80.  The method of claim 75, wherein said providing is effected by
(a)  providing an expressible polynucleotide capable of expressing
said antisense polynucleotide, said ribozyme, said siRNA molecule or
said DNAzyme, and
(b)  stably integrating said expressible polynucleotide into a genome
of a cell,
thereby providing a modulator capable of downregulating a P 3-kinage éctivit“y

or PI 3-kinase gene expression.

81. The method of claim 75, wherein said inhibitor of PI 3-kinase
activity is an expressible polynucleotide enceding an anti- PT 3-kinase ScFv or
Fab.-

82.  The method of claim 73, wherein said providing said conditions
for cell proliferation is effected by providing the cells with nutrients and

cytokines.

83.  The method of claim 82, wherein said cytokines are selected from

the group consisting of early acting cytokines and late acting cytokines.
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107. The use of claim 103, wherein said late acting cytokine is
granulocyte colony stimulating factor. 108. A method of preservation of
undifferentiated stem cells comprising providing the undifferentiated stem

weelmauothoan effective concentration of a modulator of Pl 3-kinage@aiietyis
said modulator selected capable of downregulating a Pl 3-kinase activity
or an expression of a gene encodirtg a Pl 3- kinase of said

undigérentiptie chatpimicefs1xheRsineRiceRI QUIkINGLS) %ﬁﬂ@?ﬁ%ﬁﬁés Igast
one of the steps of harvesting and isolatin%gom a culture and storage of

selgried TR EERER s Rl s ibotornElmathiaans drimcdsy-
6, whssain yﬁﬁ@iﬁ”ﬁﬂi’iﬁ{eﬂéﬁgﬁ@q capable of downregulating a Pl 3-kinase

activity Or an expression of a gene encoding a PT 3- kinase is selected
from the group consisting of. (a) an inhibitor of Pl 3-kinase catalytic

activity; (b),an antisense polynucleotide capable.of specifically hybridizing
with étg'n m A%%%Sréﬁﬁfp ésr{%%‘air#g’avﬁﬁeﬁqﬁn%g; W%’Z%%ﬁ?@‘il?me 15
FIAGTi$kr004/000215 202 (c) a ribozyme which specifically cleaves PI

3-kinase transcripts, coding sequences and/or promoter elements; (d) an
siRNA molecule capable of inducing degradation of Pl 3- kinase

tranggriptsirand,(eka DNAzyine which specifically cleaves Pl 3-ldnase
transcripts or DNA. 110. The metKod gfp §giﬁ? foﬁtgvﬁkélrlé{%)éﬁ%ﬁ‘ﬁ%ﬁﬁ?
selgtipfl 3dnnsee artvity denwistimzantigramily@94 0020yl ktifhdanegh it ok,

' wherein said modulator capable of dpownregulating Pl 3-kinase
e O S R s et -

3-ldnase antibody. 112. The method of claim 111, wherein said anti-PlI
3-kinase aptibody is ScFV or Fab. 113. The method of claim 109, wherein
said rovid% iglgﬁg&egfbg}mm 83, wherein said late acting cytokine is

granulocyte colony stimulating factor.

88.  The method of claim 73, wherein said stem cells are derived from
a source selected from the group consisting of hematopoietic cells, neural cells,
oligodendrocyte cells, skin cells, hepatic cells, embryonal stem cells, muscle
cells, bone cells, mesenchymal cells, pancreétic cells, chondrocytes and stroma

cells.

89.  The method of claim 88, wherein said stem cells are derived from

bone marrow or peripheral blood.

90.  The method of claim 88, wherein said stem cells are derived from

neonatal umbilical cord blood.

91, The method of claim 73, further comprising the step of selecting

a population of stem cells enriched for hematopoietic stem cells.

92.  The method of claim 91, wherein said selection is affected via



transiently expressing said antisense polynucleotide, said ribozyme, said
siRNA molecule or said DNAzyme within a stem cell. 114. The method of
claim 109; wherein said providing isl@¥ected by 5 (a) providing an
expressible polynucleotide capable of expressing said antisense
Cﬂ)ﬂynucleotide, said ribozyme, said siRNA molecule or said DNAzyme,
and (b) stably integrating said expressible polynucleotide into a genome
of a cell, io thereby providing a modulator capable of downregulating a Pl

3-kinase activity or P 36§in se e expression. WO 2004/078917 )
T 2004 ORBES RS TR o HHGH SFER RO G S B el Ssdepting
popushidar of RiclaKirrlbe eadtivily iSoarceNpressiate nalyiusientipie areaeinglls.
an anti- Pl 3-kinase ScFv or Fab. 116. The method of claim 108, further
comprising providing the cells with nutrients and eytokines. 117. The
methted of daimtiimddiereimSHidwhtokinesidrelseirgied affesedhegrinps 3.
consisting of early acting cytokines and late acting cytokines. 118. The

method of claim 117, wherein said early acting cytokines are selected
from%he graisp adhsistisfieofi stervoethianion LT3 hgahdatinteste BRind-Ginase
wciBrembepaieth and inferieykine3, Jo 19, The method ofclaim 417, ..
wherein Sai early aceﬂng cyfo%ne i Qf?lﬁa% 81%8. The g8y o
an clapressioh wherekmeaiddadénactirgf GAdkimesthsects sefecidgiddrand thehibiting
. group consisting of granylocyte calony stimulating factor,
di grlgﬁlgl ga}}e/ﬁm}g%roﬁ%g‘é@) g%lo%?/p‘s?tlﬁrﬁﬁypati(% 25 BRET SR tTSPbisHHs 1980n
adimhestethodootheldmat 1if; thbeneiniSaidlate actiedicyiakinéisngtdahziog Hene
ma%%\cz)vné{e%@éﬂgti@% ﬁt%%tgéh%geral blood of the donor for subsequent harvesting of

the cells by leukopherests.

896. Use of an effective concentration of a modulator of PI 3-kinase
activity, said modulator selected capable of downregulating a PI 3-kinase activity or
an expression of a gene encoding a PI 3-kinase, thereby expanding and inhibiting
differentiation of a renewable population of stem cells upon administration to a /-
hemaglobinopathic patient, in the manufacture of a medicament for inhibiting
maturation/differentiation of precursor cells in a A-hemaglobinopathic patient and
wherein upon removal of said modulator of PI 3-kinse from said patient, said stem
cells undergo accelerated maturation resulting in elevated fetal hemoglobin

production, thereby ameliorating symptoms of f~hemoglobinopathy in said patient.

97.  The use of 96, wherein the patient receives

a cytokine,



122. The method of claim 108, wherein said stem cells are derived from a
source selected from the group consisting of hematopoietic cells, neural
cells, oligodendrocyte cells, skin cells, hepatic cells, embryonal stem cells,

woYsHBRsle. bone cells, mesenchymal cells, pancreatic celfyr/m 2004/000215
chondrocytes and 25 stroma cells. 123. The method of claim 122,

wherein said stem cells are derivegh@04 from bone marrow or peripheral
Saﬂ@@ﬁeﬂ%cﬂa@iﬁ@thod of claim 122, wherein said stem cells are derived

from neonatal umbilical cord blood. 125. The method of claim 108, further

comprising the step of selecting a population of stem cells enriched for

hematopoietic cells. 126, The method of claim 125, wherein said
selecifgé;c')on iﬁglﬁe%é%%o\g% %C%gﬂ.%gzyrﬂﬁ%?nse dg%%c}“éfﬁaﬁﬁ *%%ft?grﬁ%’?ble
of dowprisiniptie sial] of selectingiaitpepulatiapeksiemogellsarrichediios
arly hematopoietic stem/progenitor cells. 128. The method of claim 127,

PI% 45 RF St GRS taRetaEn GRSBEA%8129. Stem cell collection

baggastemaselsppRRAlioMaNgisiasellwiashing;puffers supplemented

with an amount of a modulator of Pl 3-kinase activity, said modulator

sele€ted capabltistuiswprbguklintde RrBablsasé aptivificellarhybridizing

expresﬁd&o,njL %t ®ne encgdingﬁq Rl 3-nki,51,a§?isaid amount sufficient to
iffe I0

N tatiscript cReomn RiRase .
inhibit fentiation of & renewableqpopuration of andifferentiated

hemétppoieticibetigmt3auldte steciftalligolraien Pags-andhufersefipts,

claim 129, wherein said .- modulator Q%E)able of downregulating Pl 3-kinase
acti\/ffgszt’f?' BXPALLER BIUG SR RIRIRTBBIS3-kinase is an inhibitor of Pl

3 inage agi iR AL bR alRmeagielierian bags aggBuligs qfrclam.
130, wherein WO 2004/078917 PCT/7L.2004/000215 205 said inhibitor of

PI 3 KiESAEa0TPEs Wérhnannin or LY294002. 132. The stein cell
Colle(:etjon b?%ﬁ@%%f@fﬁc%f %}%&q}igﬁgﬁy \évlre]g{r%'snPI 3-kinase transcripts or
IDNA.

99.  The method of claim 96, wherein said inhibitor of PI 3-kinase
activity 1s Wortmannin or LY294002.

100.  The method of claim 96, wherein said modulator capable of
downregulating P1 3-kinase activity or expression of a gene encoding Pl 3-

kinase is an anti-PI 3-kinase antibody.

101.  The method of claim 100, wherein said anti-PI 3-kinase antibody
is ScI'V or Fab.

102.  The method of claim 96, wherein said inhibitor of PI 3-kinase

activity is an expressible polynucleotide encoding an anti- PI 3-kinase ScFv or
Fab.

103.  The method of claim 97, wherein said cytokine is selected from

the group consisting of early acting cytokines and late acting cytokines.



said modulator capable of downregulating PI 3-kinase activity or
expression of a gene encoding Pl 3-kinase is an anti-PI 3-kinase
antibody. 133. The stem cell collectidflbags and buffers of claim 129,
further supplemented with nutrients and cytokines. 5 134. The stem cell
collection bags and buffers of claim 133, wherein said cytolnes are
selected from the group consisting of early acting cytokines and late

acting nytokines: 136. diheistemicell catlaetionskidgsand RufferploRaies are
1g4, \g{hﬁrein to said early acting ytokineﬁ are selected from the group.
ECHESHG B e MR PRt e O Siganid! ifeneukinte, 1RrBhHBISERHHn-C.
tangnbéedeukindl iLdgictherstem cell collection bags and buffers of claim
134, wherein said early acting cytokine is FLT3 ligand. 15 137. The stem
cell collection bags and buffers of claim 134, wherein said late acting

cytokines areT3elested fraanihe0gronpeeonsiaingahorAuloeyekBRIQMFL T3
Istim lating factor, granulocyte/macrophage colony stimulating factor and
g&}g fopoietin. 20 138. The stem cell collection bags and buffers of claim
134, wherein said late acting cytolcine is granulocyte colony stimulating

factor.,139. assay for. determining whether a modulator of Pl 3-kinase
5 aciVR) s CHBARCb b HHRFERIE o GRS SHE Bgagre ciocted

femmpribing: dAWGH2004167693 7 BC T Ht2004/0R0215i0:206 (a)sultiiag aFactor,
optilation/ of ceII%ca ahle of diffe entiaPn ,in tgj esence, or absence
O S TSR 5P 3 U L EHLENR 1800 (B LR SERG Hinges i

differentiation of said cells, wherein an increase in differentiation as
compairgg to Jljéutreated I(Ii indicla&es a .5 modulator, of Pl 3-kinase

activity capadre Stinfibithg Bitterent 86T Ant i Ei8ad A ioicsidine is
. glearkesecinodiffigrantatinmasacampared to untreated cells, indicates a
modulator of Pl 3-kinase activity capable of inhibiting

108. A method of preservation of undifferentiated stem cells comprising
providing the undifferentiated stem cells with an effective concentration of a
modulator of PI 3-kinase activity, said modulator selected capable of
downregulating a PI 3-kinase activity or an expression of a gene encoding a PI 3-
kinase of said undifferentiated stem cells, wherein said providing is performed in at

least one of the steps of harvesting and isolating from a culture and storage of the

undifferentiated hematopoietic cells.

109.  The method of claim 108, wherein said modulator selecied capable
of downregulating a PI 3-kinase activity or an expression of a gene encoding a PI 3-
kinase is selected from the group consisting of:

(a) an inhibitor of P1 3-kinase catalytic activity;

(b)  an antisense polynucleotide capable of specifically hybridizing with

an mRNA franscript encoding a PI 3-kinase;



differentiation. 10 140. The assay of claim 139, wherein said cells capable
of differentiating are stem or progenitor cells, or substantially
undifferentiated cells of a cell line. 141. The assay of claim 140, wherein

wepieheieRa@r progenitor cells are i s early hematopoietic angof 1 s004/000215
hematopoietic progenitor cells. 142. The assay of claim 139, further

comprising providing the cells witljonutrients and cytokines. 20 143. The

assgy; of claim, 42mwherein %@&ﬂ&%ﬁcﬁ%éﬁ%eﬁc‘ﬁ {om f%gxs%ﬁﬁgﬁ

consisting of early acting cytokines and late acting cytokines. 1
assaydshglkdquéd@svehdreinpsaithseacoatissire derived from a source

selected from t oup consistin hematagpoietic cells, neural 9;@ 25
oligeg endft gﬂs?&f%c zﬁlsfaf?%%{gtig C (é SR rGREACARAR f 3
musgie:setisrRensgteelisd mesenchyrnal cells, pancreatic cells,
chondrocytes and stroma _cells. 145. The assay of claim 139, wherein

said Bssessib drarge v HC B snsHEeRatisa st Skdnare dimayerptstion
margrs, WO 2004/078917 PCT/IL2004/000215 207 146. The assay of
claim 145, wherein said differentiation markers are selected from the
group consisting of CD133, CD34, CD38, CD33, CD14, CD15, CD3,

CDG1 and.CDI9. 5,147, A methad of ex viv 1ding and inhibiti
ittt P8 RaBPA Lot CEIRE R A Coiphisiak 222

actbroyigivgdheneetismes Vive watofor cell yierfa conditions for - --roliiuu atuuu,
ion; (b) ex vivo reducing a capacity of said stem cells in responding to

signaling pathways involving a Pl 3-kinase activity; thereby ex vivo

expangingand inkibiting differanyayon, atig, RoRH BRI SILEE!S of
downregulating PI 3-kinase activity or expression of a gene encoding PI 3-

kinase is an anti-PI 3-kinase antibody.

112, The method of claim 111, wherein said anti-PI 3-kinase antibody
1§ ScFV or Fab.

113. The method of claim 109, wherein said providing is effected bﬁr
transiently expressing said antisense polynucleotide, said ribozyme, said siRNA.

moiecule or said DNAzyvme within a stem cell.

114.  The method of claim 109, wherein said providing is effected by
5 {a) providing an expressible polynucleotide capable of expressing
said antisense polynucleotide, said ribozyme, said siRNA molecule or
said DNAzyme, and
(b)  stably integrating said expressible polynucleotide into a genome
of a cell,
10 thereby providing a modulator capable of downregulating a PI 3-kinase activity

or PI 3-kinase gene expression.
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115. The method of claim 109, wherein said inhibitor of PI 3-kinase

activity is an expressible polynucleotide encoding an anti- PI 3-kinase ScFv or
Fab.
116. The method of claim 108, further comprising providing the cells

with nutrients and cytokines.

117.  The method of claim 116, wherein said cytokines are selected

consisting of early acting cytokines and late acting cytokines,

118.  The method of claim 117, wherein said early acting cytokines are
selected from the group consisting of stem cell factor, FLT3 ligand, interleukin-

6, thrombopoietin and interleukin-3.

119, The method of claim 117, wherein said early acting cytokine is
FLT3 ligand.

120.  The method of claim 117, wherein said late acting cytokines are
selected from the group consisting of granulocyte colony stimulating factor,

granulocyte/macrophage colony stimulating factor and erythropoietin.

121. The method of claim 117, wherein said late acting cytokine is

granulocyte colony stimulating factor.

122, The method of claim 108, wherein said stem cells are derived
from a source selected from the group consisting of hematopoietic cells, neural
cells, oligodendrocyte cell§, skin cells, hepatic cells, embryonal stem cells,
muscle cells, bone celis, mesenchymal cells, pancreatic cells, chondrocytes and

stroma cells.

123, The method of claim 122, wherein said stem cells are derived

PCT/IL2004/000215
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from bone marrow or peripheral blood.

124, The method of claim 122, wherein said stem cells are derived from

neonatal umbilical cord blood.

125, The method of claim 108, further comprising the step of selecting a

population of stem cells enriched for hematopoietic stem cells.

126. The method of claim 125, wherein said selection is affected via

CD34.

127.  The method of claim 108, further comprising the step of selecting a

population of stem cells enriched for early hematopoietic stem/progenitor- cells.

128.  The method of claim 127, wherein said selection is affected via

CD133.

129.  Stem cell collection bags, stem cell separation and stem cell washing
buffers supplemented with an amount of a modulator of PI 3-kinase activity, said
modulator selected capable of downregulating a PI 3-kinase activity or an
expression of a gene encoding a PI 3-kinase, said amount sufficient to inhibit

differentiation of a renewable population of undifferentiated hematopoietic cells.
130.  The stem cell collection bags and buffers of claim 129, wherein said
modulator capable of downregulating PI 3-kinase activity or expression of a gene

encoding PI 3-kinase is an inhibitor of PI 3-kinase activity.

131.  The stem cell collection bags and buffers of claim 130, wherein
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said inhibitor of PI 3-kinase activity is Wortmannin or LY2940072.

132, The stem cell collection bags and buffers of claim 129, wherein
said modulator capable of downregulating PI 3-kinase activity or expression of

a gene encoding PI 3-kinase is an anti-PI 3-kinase antibody.

133. The stem cell collection bags and buffers of claim 129, further

supplemented with nutrients and cytokines.
134.  The stem cell collection bags and buffers of claim 133, wherein

said cytokines are selected from the group consisting of early acting cytokines

and late acting cytokines.

135, The stem cell collection bags and buffers of claim 134, wherein
said early acting cytokines are selected from the group consisting of stem cell

tactor, FLT3 ligand, interleukin-6, thrombopoietin and interleukin-3.

136.  The stem cell collection bags and buffers of claim 134, wherein

said early acting cytokine is FLT3 ligand.

137.  The stem cell collection bags and buffers of claim 134, wherein
said late acting cytokines are selected from the group consisting of granulocyte
colony stimulating factor, granulocyte/macrophage colony stimulating factor

and erythropoietin,

138. The stem cell collection bags and buffers of claim 134, wherein

said late acting cytokine is granulocyte colony stimulating factor.

139, An éssay for determining whether a modulator of PI 3-kinase

activity is capable of inhibiting differentiation of cells, the assay comprising:

-
;
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(8)  culturing a population of cells capable of differentiating, in the

presence or absence of said modulator of P1 3-kinase activity: and

(b)  assessing changes in differentiation of said cells,
whereln an increase in differentiation as compared to untreated cells indicates a
modulator of PI 3-kinase activity incapable of inhibiting differentiation, and
whereas a lack of or decrease in differentiation as compared to untreated cells,
indicates a modulator of PI 3-kinase activity capable of inhibiting

differentiation.

140. The assay of claim 139, wherein said cells capable of
differentiating are stem or progenitor cells, or substantially undifferentiated

cells of a cell line.

141.  The assay of claim 140, wherein said stem or progenitor cells are

early hematopoietic and/or hematopoietic progenitor cells.

142, The assay of claim 139, further comprising providing the cells

with nutrients and cytokines.

143, The assay of claim 142, wherein said cytokines are selected from

the group consisting of early acting cytokines and late acting cytokines.

144,  The assay of claim 140, wherein said stem cells are derived from
a source selected from the group consisting of hematopoietic cells, neural cells,
oligodendrocyte cells, skin cells, hepatic cells, embryonal stem cells, muscle

cells, bone cells, mesenchymal cells, pancreatic cells, chondrocytes and stroma

cells.

145, The assay of claim 139, wherein said assessing changes in

differentiation is effected via differentiation markers.
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146. The assay of claim 145, wherein said differentiation markers are
selected from the group consisting of CD133, CD34, CD38, CD33, CD14,
CD15, CD3, CD61 and CD19.

147. A method of ex vivo expanding and inhibiting differentiation of a
population of stem cells, the method comprising:

(a)  providing the cells ex vivo with conditions for cell proliferation;

(b)  ex vivo reducing a capacity of said stem cells in responding to

signaling pathways involving a PI 3-kinase activity;

thereby ex vivo expanding and inhibiting differentiation of the

population of stem cells,



