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WD 2004/ 078917 PCT/ |1 L2004/ 000215 EXPANSI ON OF
RENEWABLE STEM CELL POPULATI ONS USI NG MODULATORS OF PI

WQ220NASE? 5 FI ELD AND BACKGROUND OF THE | NVENICTIN.200w000215
present invention relates to nethods of expansion of
renewabl e stem cells, to expanded popul ati ons of
renewabl e stemcells and td their uses. In

BARANSION, ORRENEW ABYOSTEM VI Pbﬁinfg'rhoﬁ?sf’g@ﬁv@”

i s achi eved aﬁﬁgﬁﬂgﬁg%té t&? re t jnvention by

downr egul ati o B§a J&ﬁ‘ A4t 3- ki nase (P

3 10 ki nase) signaling pathway, either at the protein

| evel via Pl 3-kinase inhibitors, such as, for
FIEXRIOND, BAOK GROUNIPOE FYEIAAAENTIONAL the expression

[ evel via genetic engineerfng tecnhnigues, such as

smelhe presentfiavemipriRidlates idithodslofe/p¥ien R enewable stem
anti sense techni ques. The present invention further

cellse taiteapanded: pepulpons of apmvwatde istems detls winidcto thes tde8seln

thods and/or the expanded stem cells popul ations
Pa‘ggllgﬁr%@’lffﬂe%ﬂé&r i#rgvo stam icgl xpansipads eakiergd neeatding to

Vi t f h opoietic and non- .
the ) Bofeltibl oG R s E B ARt ieecidhi ol Thinape (B13-
. . n_.a . . [P
kinid) SRRARLE 1RDNPR SAFEL RS tle nFUBR OR8NV Hbiness gpibitors,
suchesgfat &R0, KSriaMBinCHIIY BH005, St %%eéip?eésﬁxﬁﬁe%l via
however , resuit in a rapid decline in stem ce
gensbipubaginesring ttevlitiyues, usidheras r asall t inerféring REMKEHRNA),
'errpai red self renewal potential and di m nished

] '
1ibe7 ViR 3P BRHEERNSE tgchpiquase cul tured cel | popul ati ons.
need ta i rovggt uch methods is obvious.

Ada el Raties el T ShrpeigramyCasouin hih
thelePhicfilds T b e R o EEE S bitefls e BpltBns obtajaed thssehy ere

utiideat these cells remain undifferentiated while in
culture, in order to maintain | ong-term expression of
t heAn riaosedsiegdne@®ror ibbise EdlRraPidf h¥mbRpIR 3h non-
ex-vivo cultures of hematopoietic and non-
hempdepeishostem celst ban arden, popartiatilaoifsr pitpbséOnghtRrRm cell
sel.f-renewal capacity is of critical inportance for a
xDRjieian APy ToY ke diAled Reneansdustiappl Mesodsn®r Bocrating
newabl e stem cel | s have been

er QR EObsY or SKER RS R st RS Sl e v & deriing in siem
oo GRS R M BBE R BB b inaedd iR St Fencv

potential and 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, expansion 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

cyt oki nes thronbopoietin (TPO, interleukin-6 (IL-6),
W@rooHh78987 | i gand and stemcell factor (SCF) PCT/IL2004/000215

(Madl anbayan G et al. (2001) J Henmtother Stem Cell

Res 10: 481, Punzel Met al. (1999) Leukema 13: 92,

and Lange Wet al. (1996) Beukemi a 10: 943). Wile 5

theecghlandi thg mtsomceadfl theosely acﬁrfgedfbldn%y ehrdifsepdistin {TPO),
. vast, substantially endless cell expansion, ‘expanding
inteyleadnie6| (Is-6) athBLA-ligeed end keyecell Factar(S (i) ¢datiambhyan

i ng cytokines, results in_an el

t he earl evat ed
GJ g i d2081) 3%%@@&@&@%091&&@ KortéloRamaek M ebebl (11999)
LeqitGuia) PI0N2" 36 L nB Pl et i (B oliL cielue) 15 4. neWhile
. . Pi 1 [
R Ao o8 e o, A TR T by
celBEGIANSRIN SxpaIAg sken %éH@Wi%lut H'ﬂg@&é &y&s §n the Pryesenﬁgteof

; 1
substantialTy enfiched or isolated to honbgenei

theagatlypactimgnetykihas, iesiles ireas Riavataf fégeedf diFthodation (see
expansi on of renewable stemcells wthout a feeder

conteppe descrpednigghebzanipensentiobemdal edhie WReetgil ngBlbadi(l1998)
0 tgsol i g _and ne-. bound enzynes whose

02: s Boer 1 PC ol RO IOE ExacHene Suh a1 a80] deapmapye al.

Lguitously distributed in nature. In

(2098%3%‘?1?%1@%2%&%% type Il trans-nenbrane
gl L Nisi Yday h
e B s PRy e o 2e Tl BERO Gt B sh Pl

unl®Frsgbytsednianglcasiehad bt i/sioue»te@fmhmﬁQEeﬁéi@ﬁ?sy | cyclase
activity and is thus able to produce nicotinam de,
ADPEhe iabopees¢tBPR)ils ¢y dbadr ADRRIICEADRR)thad doni xPhhsibs of
aci d adeni ne dinucl eotide phosphate (NAADP) fromits

rengyyplersiera sellspukhogt afeeder laye93 Sci ence

252 6- 1059; Lee et al., 1999 Biol. Chem 380;
78 ). The sol ubl e 25 domai n of human CD38

caeh S f ERADYSTa! ARelly R R PR figase
bo%?ﬁi%@mnﬁeéylﬁ)f? s?g%gzggz iéjbicﬁ%na@g:%&eg%%é. din%lzefé'tide {(‘MD), a
cocn8pBe Tdb)itouslyndiveibutdd inBsufelr iRimARUDD38 hah 460885 Hpe
not characterized only by 30 multi enzymatic activity
IT trggs-membiane gdycapdtein. oRmoditlyi, HchasdicendemdrsirttednhduCB38
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. Am. Chem. Soc.
122, 7855-7859).
However, 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/1L2004/ 000215 3 signals and to
adhere to hyal uronan and to other |igands. Interaction

WoWaoh/0788D88 on vari ous | eukocyte subpopul ati onPEEB.2004/000215
prof ound though diverse effects on their |ife-span
(Funaro A, Mal avasi F J Biol Regul Honeost Agents 1999
Jan- Mar; 13(1):54-61 Hunman €D38, a surface receptor, an

sigeala yarel tcﬁradhdﬁeﬁd ®Raluborl eedite Gher 'Hggnés.SiIﬂ&lrSction with
marker).. CD38 is widely expressed in both

CD3énant Mmoom lewkaaoyte suhpoihdatiompas erofoahd yhelesh diedrse effects
cells. Honol o%ues of CD38 have al so been found to be

on gheiF difespan n( A, Makawvasinkl/ Bisll | RegtBd{omdosardgents 1999
t f t ebr at 'y
sangjarilaf Aol g o potitace Rcaiorsaelng: arpadiesion

[ : - 964). he netabolites produced b
mok%élge gé%ﬁ%ﬁglméﬁmﬁghave been shovﬁ to induc)é t he
rel epsg ofs | Wlﬂ@l?fel tidragsegal & UBLH $8ldato dio?@c jat %ﬂd non

from tissues of "plants, iInvertebrates an

heras@gerticallyidesved kele ﬂHbﬁMd)gtIe!SSof B3 8hieava! él@@'been found
regul ators of cal ci umresponses (Lee et al., 199

to Bt ekpresyeshin aEnBaalias St Ta3) celBo(BstclADRI mmblmsmatem from
ce calciumrelease fromcal ci um stores

known to i
they lﬁaﬁﬁﬁbr@teag\éaﬂya%@ahf%mcah&%@sa@ (9.0l 9% nggurepructural Biol

. ors (Clapper, DL et al., 1987, J. Biological
39&2’?%%262 9561-9568). Hence, CD38, being the

besigpha gﬁtﬁg@gSﬂtﬂ rpor‘% nl? NAGPEL I %?#W@%A%P Rave

post ul ate source

beeADRroWIDaS Brdulde theY Bele @ d‘ﬂl{ﬁ{rﬁ@éﬂlﬁ%ﬁcﬁ% ?dub'éﬁs' ﬁﬁﬁt&f:ﬁ'ﬁm

+2) influence highly inportant nucl ear nctions suc

tissass @€ péartts,dnsemétpbios nndapapiiedd, sugPhingehat these metabolites
t gpoi sonerase activation and poI ymer ase unfol di ng.

may| h@nﬁl@@ﬁl b@ﬁuiaﬁorﬂ) of wcalciumi rﬁﬁmmph &lec et abepPB? Biahdhem.

38y el e Rt PRI andel 44 néw?#r&?%a?c{ intoee ‘?E@M%Slan?E&'ease

frofef EqleRITE 8%%% gl e RRp it JBghe cPblrtlied i B igC&prors
(Clﬁﬁ;%&'ﬂl%tﬁlt@w tJthbl?%lEa@y&JP @’%?2@1? ence it

al yses the infranucl®ar ¢ to

pr odege:, NUTI380 Meisd the CM@P&arEB%rizéﬁtﬁlﬁnﬁﬁélia\ﬁa%@P -ribosyl
ryanodi ne receptors of the inner nuclear nmenbrane to

cycdlaseggerostuleled dp basm impOatanlsete as ey AdaBIR}ibo@AR vivo.

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 membrane, 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 at. Nat Cell
Biol 1999 Nov; | (7):409-14 A new function for
w@Epdh7dPr ri bosyl cyclase in nuclear Ca2+ PCT/IL2004/000215
honeostasis). It was further found that agonists of
ryanodi ne receptors sensitize CcADPR-nediated cal cium
rel ease and antagoni sts of 4ryanodi ne receptors bl ock

et &. NVDFCeldehd899 Nav;t{T)m09%e] £agenéwatinelon AofICT8 8/ADP-
1991, Science 253:143 146). Thus, it has been propose

1ibggyh ey aFoRR nuslear Keady hameasgadist e cal ci um responses in
tissues s as nuacle and pancreas, where ryanodi ne

C
r eceptat FE Toupd ethat pgopisfs caf ayanodsooeceptarsi salsitize
Phar nacol

: - .S t | . 998,. Bi h .
cARBR AR diafTcahunt Felhssid apiginiste it Toaadine e blask
, ks ..
cABPROGARNbRSAL finf Thikhue [ORIGR &' 8 SRS Rhilhee 253:143-
146M t i i pet S, 1 | i .
! oy A0 echiop@Poiid AUAIEOPR! & LiRUY & Sl Lalgium

resipoiBes CADBRIdsGIRD, ashntisclel AP pakiths, WheRalyanodine receptors
11:309- 316) . These findings, as well as others,
are| Ggresed (it et ra)arndifi0nParastebtldn:4lgosd st Silant @gslni $993,
onses in

. such cADP |ate calcium 15 res
Biogfiins PRagiatbh s oa @1 orlé bas been also Shevshat Sonssetlian
j self-renewal, of henopoietjic stein and
AU ShAGRO Lt M CARBRE Rlele Mrtesboseniaasdiviohoes coa be
blo¢ked h&d | ' rentiat.i . fferentiation in.
*the herrgitg%lpg’?%t Wgﬁgéi;%%e%}e%@%la\%%o%%n%ﬁ Yppayith specific
antagvange df eADEResy@X P SSK] upf acpr- 2l i af
C, Bi ck_neII D, 20 Cai neﬁggtbﬁg%ilbﬁsgﬁ%g,gr%%n?%@r@légvgsh’
199RFCel 98z alid rif¥5316). CEhdseindings as andll SEHLEXDHRESIOPhat
during hematopoietic differentiation. Bl ood 60: 703) .
ryaf}%fm% 6FGFRIOTHAgAIAS S leBtgoBTsts MechheseAdIRR etaincregulate calcium

| uripotent ste ells and the lineage comitted
reSp%rn %Sel icieglﬁl j?tle@fgqrﬁ d%@?ﬁq.SpeFWé- majority of cells are
CD3¢+¢D38 i i it f cells (<10 9% being
o Epasoustd %%‘%D%CE%I%GHBWQL &éb%mQB&EPsStF@ and
progatetot i Ealld hBIPOSt bb ur, tgpoietic .. cgll I C
_ gare _capabl g g‘miel f%ﬁe\)\}g‘f&an ?rﬁl ??H’né%g@mt%d \6@] il
diffefichtisti@nt iRiffeoentiative irCHRA HERRBPoEAld sﬁs!’t@fﬁtﬂn@mvses, among

contains nore long-termculture initiating ce
Othe(ﬁ@ngc;), Hiescdrypasnsian bif biurfick engieneSHENEN Beclakl] D,

Cairieyh ?jo Lﬁ(ﬁ@g&% )f[g 2“%2?%’0' %ﬁ}:g\%/ﬁ% dd%a%&égiéhgggesr iens ggl? Ssirtzage
antigen expression during hematopoietic differentiation. Blood 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 |ynphoid and
myeloid cells in vitro and WO 2004/ 078917

weMANIR004/ 000215 5 have an enhanced capaci t PCT/0L2004/000215
repopul ate SCID mce (Bhatia M Wang JCY, Kapp U,
Bonnet D, Dick JE (1997) Purification of primtive
human henat opoi etic cel |l sScapabl e of repopul ating

haviena RBhARfICEAALILIHE GepStlateNSCiD Merd(EBitiialhe W
94: 5320). I\/brﬁg)gvc?r%1 mpdp;)ig\tl gnts who re%el vlg ang JCY,

Kaput bl oBonget| DpdDickcdB  (108Ap pPaifiedtionn, oft hgirmitiviee hudhan
CD34+CD38- cells infused correlated positively with
hemﬁ@p@géweﬂﬁ chipahie op serapudating: buenpe-deficlanbeniag.t Proc Natl

AcdgSars o HE5aT e Metsans inaient who ?éqe%%si'r sigelogous blood
b

cell %ff’?‘éP éﬁﬁ‘ﬂgﬁ IR ARt b GE 2Rl BRstporelated

pos?t%él it eg&ﬁ@ pl& 'dde&'ﬁgtoi%létﬁt p‘? CDgré"’lﬂge \ith these

acco Yy a nmassi ve expression o

funCBosdNdaattes WCD3 46088 8- e@@@Iseﬁz&}eOBeéﬁvii§h6\k}ﬁ t@cwh@ttebﬁme
of cADPR, and both time courses preceded the onset of

levdsbffeelemarmelon suggesting a causal role for CD38.
Con3|stently, treatnment of HL-60 cells with a

perlrecently; Hrhasihesn reporarbthat gransloaytici chﬂ'erelﬁlatmhldﬁ ihuemhn

CD38 actj vi d differ nt|a|on
HL‘@L&F?? L 06]&'&%%{ ¢l 33 ‘g priadug SohbystingRi Wéd’dfléiyls

B0 AR RIS SO A0 s
coASLIaT 0 AR AP G P Gyl

the afustthef ﬁlﬂﬁ@eﬁ’@@ﬂ@iﬁ%@@%@ﬁﬁlgﬁ@%ﬁsa&ﬂ fole FRSEEGR. teohngtenﬂy,
ef fect of 8 on cADPR and ryanodi ne si gnal

tre?thmﬁms ol Let) pallhwests aapernheme énbibitoel df CE¥Banscatimaanide,
qﬂ re t|a ion, the present inventors have envi si oned
inhibyigd W Q3z§t?}Cﬁ‘(}fltb’r@@dékffﬁ&%ﬁaﬁﬁnaM¢I®r3n€héicablpck¢gf>)/0f
t he expansion and dif entlatlon f ste
CDFg R esiaPd peAdanecCny Baibe o LG apdrerse hagugotides

a0 SN SR, 1 RSSO, B, o
Gy p o (o CRR BN Led M S Gt 200 e
20,4771 (Bd):dA452RB).on, woul d be achievabl e.

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 nicotinamide adenine dinucleotide
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Ni cotinam de (NA) is a water-soluble derivative of
vitam n B, whose 30 physiological active forns are
wo@enisvami de adeni ne di nucl eotide WO 2004/ 078BAI7IL2004/000215
PCT/ 1 L2004/ 000215 6 ( NAD+ NADH) and ni coti nam de
adeni ne di nucl eoti de phosphat e (NADP+/ NADPH) . The
physi ol ogi cal active fornms®of NA serve as coenzyme in

(NADvAYABXH) ofandrpombanhalﬁﬁieabCﬂdeﬁlﬂeea(dlh@éléoude phosphate
Ni cotinamide is further known to inhibit th

W%BEHMAD?%U The physiblagdes, active ttheng lof l\éAfsec\te adreoenzyme

CADPR shgrp 5 tran duction pathway, a feature which
in ar‘éa”c?&‘rﬁ PotaRt, m? O]é%?ﬁ@FlenS i Nigotmangidads &erther known to

L A N
rSBR 150.2 Ml Bl G
studied ldegsitid! Eéreﬁ%@ﬁfé (Ké@%r te‘i&aid{fﬁ'ﬂﬂlk Ibhz/fé.léx ffi(F; ( éxpan R Lee

activity of | can be i ng
HCs{ BioldEhdm ROPD IDH(:I 20]37%5&) 94 5tv8hi ti ng the
dlfferent| ation of the stemcells. It was further
hy gdtiees ivhale ecmseivinghdre prea¢it inwehteanlie syasvilyipothesized that
directly or_indirectly, wth

apabl.e of terferrng,
mCQtH%mé%;ﬂSe‘ér% Qfhercagents mavibio nhibt she gnapgeaiic activity of

DB ) by 5 0y 0L b s
dlffEﬁBﬁXﬁ’c‘Sﬁ %f dgy %lfté?ﬁ’ RNk, aﬁ]qNéSE) F&h&? H&@f hié@ﬁ otPSt%lgﬂ spall

grom h and differentiation vari e

moleelles,t whish afd1eaphisle o8 Gatbrfefhf € airsct®f o%ﬂh%cﬂ with the
gener al | y nmedi ated through their intéeraction }(

expsiseionfof D38 ganbe sintilarbtusddnucl ear transcri ption
fa tors, their co& nate RA receptors (RARs). Receptors
eﬁléloice%"?lﬂ&%)a et Bﬁyldlﬁbd@l\raéwewf%l,talm (retinol) is

an ’?I/%é@%"%r SRR SE Bbraptiers elaren r{tgérfcr Joea Tftucnces the
i T S
effedts bNR L e YEheFal BN thAEL (R él%hoﬂ’l%gj; hit%r-gt?ﬁon %ﬁl aPeific

RXR fam | ies of réceptors uni it no

ligastlragtivateds nublaaboramsgrighisn | ftorDNALbIF n@@%ﬁat@nﬂA receptors
|.i gand- b|nd|n domai ns. These receptors 5 probably

RM%% :Re@epﬁ)éﬁ; 3 &W@D@&Cléﬁmdy@omprtmmm R&Rs, Vitamin
retinoic_acid response

5 CVBBS). RS it ocRpless daGHekSl ol aWaen
actlgéétﬁﬁe grﬂl( ib&:iﬁg %é:’an%gnchgsres rr—?cfep{or}se 'benabe Calsftlrgnstc%%)gon 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 |i gand-dependent
transcriptional regulators, repressing transcription

w0 pootlogsoabsence of |igand and activating 30 PCT/IL2004/000215

transcription in its presence. These divergent effects
on transcription are WO 2004/ 078917 PCT/1L2004/ 000215
7 nmedi ated through the recrui tnent of co-regul ators:
mediated itorangb dhe ecapitoest bif vo-regolatps eandiganddCoRaisks bind |
SMRT) that are found within a conpl ex exhibiting
corepressoite(MMealk eand adyBRT Htiaat) argcfouni twithinhe resasplex gahibiting
. .receptors re It .co-._.activators with histone .
hlst%{teeﬁ%cs@a%&fﬁ%@ BEIRRLY,. Wesheaprdiganded FeeRNtPISgrasayit s0-
. r ' i.n herarchy of pronoter
scti 58 D EAHAE B BEER Lt B BTG ey
alsoé relyirey] §dg§le§ti§§a rh‘i&‘é}%é/oéﬁ?#bgrgﬁ%éﬁmcguu@&gﬁiﬁ&ttmns in

retinolic acid receptor 1denti desi gnhate
RA Régetatepla carrivdbut dyatuliphdsciedilhony edmpRaesfic target
genes in a manner which'is |igand- dependent, as
subbbeqdiesit krgtimhiowacifliorecephyr afentiféedyedbsigsatel Ri¥R-abpha,
eroid/thyroid hornmopne intracellular receptor
mOdi‘i?ﬁésr frapseriptionnel sprfdle iaigst Zrpes bR apamnar-whichhis ligand-

Li gapd, whi ch the t i ption-ngdul ati

depdyidRb; 5 "B3RsRNRy oot EvadnBn CaF | e ARSTPRrS (oS dhe
- t. - - _ H t d . h .

ster )BT e A RSP o B ) S o0

lowGebleshIaF- qigARa; upbh SRLiER %@Hhﬁgcg@%ﬁhlﬁéggéﬁng activity

Addi ti onal R-al pha related 15 gen ave
of Rd&ntlphaedepetds; gnalledapRiboic ntl RABHAII AcideMeeptor-

exhi bit a high level of honology to RAR-al pha and
medigged dranges (4, g8k, eXpressibgaredult binndhmgcteegtionaltdratities in
t.hree RAR subtype receptors has a primry am no acid
cellla, gBARey B ARl g aEe T i e dasstitan Adslijonal) RuTalna telated
I L l. rs_of th roid/thyroid receptor . . .
eenGif brHaRRi o RIS Belbnd S4Bt md KR el RE it
hil iyf 4 ( e ' d t .
o o oo R S A MRS B S LS e "Bl Fe ggna-
bindRXRsegios ofl the thisrORA R @u@@F@ré tés i i i
subt y%es or isoforns, nane yrR@@- al plliﬁag,a&c‘bEXR-rggng,noaar%d
sequRIEE gamengencwiof fessshae$péhdi ng uni que patterns of

exgél%isi on (7). 25 Although both the RARs and RXRs
bi Hey, ladgHisnabmenbess of thet steroid/thyaeiddreceptor vaperfamily

resp{)ﬁséggk%gtir%ig faglrd iagvesggeenr ?c{enitigggr(%ine{ndaﬁg\?ec{)gén giesrigrtléted
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 important aspects. First, the RARs
and RXRs significantly differ in their primary structure, especiaily 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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differences manifest in their differing 30 rel ative
degrees of responsiveness8to various Vitamn A
synth@icabatiidies anddiBnal4 R8O istRETtibh 200D 24 Sdis@nctly
synthetic retinoids. Additionally, tissue distribution
diffeparitt for TARS @ndi RXRectRAR schinid RXSRst extobit Rifsrean dar@xiRgene
RARs and RXRs exhibit different target gene )
specifigity. fOu¢ eyampleds sseaiging the cebdylar astimg! bHips profesy type 11
retijnal. bindin rotein e.ll BPI 1) and
(CREEI Bt inontobimaS ottt it cobfidrsndnsiiiess &R,
to 5hul n , h .
but R6 KR, B sRBb AR ek 250 Sin, Sy D Al RaR
Lk | i (gh. cathese
medfffE el b 50007 IhE ICIRBIN RAR rFRae dabent 8). cah
dataPiaidivasy shaarte RRb sepaftb Yetigsidnabid trespombiviensdthadys are not
mani fest a conplex interplay. Vitamn D (MtD) I1s an
simplgtaeduraiaat, hpoirstdadananifest arconiplen@tafplashe i o

recept aors_bel %Egi ng to the retinoid receptor
supavamini By (VithD it @me addiismabmotent agthyaior of one of the

25-di hyd [ in D.(3) (1 alpha, .25 3
reccp i LA e B st S 7 IR Rl R e
n -0t | - - i i t it .
| oS B PR BT DU SRR SO s ekl i
cogRdte reBsfbl (PDRONAOIALIR% HiahS&ifRER or when in combined
Li gand-nedi at ed conformati onal changes of the 15 VDR
contaotTpiihsthet teenoi Ecrteaptos (RIXIY), conttisaitdd poptains) aad specific

al pha, 25 ( (2) D (3), signaling events.
DN gebindimgesites i(& DIRIES)ant iggodimediated \avaformprsianal ghanges of the

control and regulation of t pleiptropic 1 _al
VDRogmprsse the pple@iyonyit C%%quﬁg g et ?%?%&ge(myﬁﬁ)
3) mai ni.enance of cal ci um homeost asi s, bone
» HETE lﬁgie}’gl?tis'on and 20 ot her cellular functions.
Antagod] t t ; 0 @l Miidiiae 1 and
rrect%glnglﬂse?nmct hg)]?\%e?gc P@les yo@g%ll Itiﬁge egigag%t{éagcgﬁilﬁ?t [ gn
regdleid @ bitid pRidfopihe alphg@SICHNENG (dpeRddcrife $jRenyVDBRith
gl\/gvi thin VDR?RXR- \}/ﬁDRE cﬂc))r;%l ex(es, pg;:)nhi(b?)ti ng t heé}s _
consetjuenegst inamatertanee WORaliwh lomaaistasss, bonp moineiatization and
i nduction of transactivation. Interestingly, c,eltjns
othery eedlfudar ERONE. t BIEAZORNEN 1S VIR oFRIE; SHOWVBRO&Ct iR the same

me e%l}esrgg):glﬁr[c%[l Sglllegta\gély setgt()eili]itze car fa‘%fté?&dis‘%?cs RfSTRIOn” %f Qe

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 stinmulate transcriptional events
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response elenment (HRE). Conversely, VDR RXR
het er odi mers have been found to bind w thout defined
30 polarity and in a transcriptionally unproductive

oS RIS A ARRLIBPTS ATRR T rpons

RACI rEMG: Q;@&lﬁétfh@fﬂ ferbﬁrnﬂn@I fos DNA hespdhitite f3Athis
Although conpetition for binding to DNA'nay contri bute

inhibdotshresponsd)ithifatmmyoff emponaesoaciivatmrs by VDR alsowppears to
coactivators by VDR al so appears to be involved in
be tnyelved ais- mrmrr@preswer ef Ehéref@me thegukgulation opf the

the 5 transcription resp and VitDis
trana%%mt rq;aeﬁgea tBofgh 0 GhmI i Deeity @ppn o complex

co bdn et(rg?f t@' %1&2% %ﬁé etﬂ% .dhfg’%)ﬁ:g\% ?%cséphogs co-activators

fﬁﬁf t €l to their

(17 unc‘?llgg)ljngjlIalgmgrl\dgnsc{rlllisli?orﬁ3 rolﬁﬂaelIg?eAgil)ﬁill Bgﬁké retinoid
r eqgpbarasies uh thsir RARcEBH BRXRrphRYiptiZRal traphilatddk e Sefifoid
regulating the growh 1o and difféerentiation of a

recepioisetughals RAR and/BeR. pley mgpdrtant 8ples RARegdeting tlse grootih
as all-trans-retinoic acid (ATRA) are redom nant |

andygibligrentiption el @ vanely@ scqllntyppm oﬁﬁcWﬂ]é (18). RAR agoms¥s such
di ff li

as firaseicand A BB %%%Eeef&%?@ﬁﬁ? %ngwgnf%ﬁ%% ethgfin

o P P S, PR B e

cell egttl temBRoRWBHEN , caAR Fﬁuh%h&%e fROVWAILS & 'Hfb 'térmmal

different "'effects on cu red top0| etic cel

diffdegmeindiongwan eyitint. n@elr diffepnialatidaise n62@h. evv&luélee result,
retinoids accelerated the growh and differentiation
hovegveyr anuRdcyme lpﬁe@gemwnrt@ enhlb«:tytdmﬁfcmat stffaetd amedultured

cul tures 4+ cells u emcells

hematapeigh acelifn 15' g @%@%é@wm@pna &Wfalea TegiRpids

B TR . SR
cytddad AAnRAAEH %ﬂlt&re? %?Z) RATHEF AR ugeth siem gﬂl)s prpduced

differentiation topoietic stémce

an Bﬁgbsﬁ@oﬁffé&t @A)4- Rétinoid treatment has also been shown to inhibit
yl phenyl ) di met hyl - chr onen-yl ] et hynyl } - benzoi ¢ aci d]

dlfﬂBLﬁmratlonsof ipme-adiposp pelds (ﬁl@) manner. Conversely, RAR
antW%onl sts have been shown to ;)r event
ereas 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-yl]ethynyl}-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 various carcinomas exhibit diminished
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25 granul ocytic differentiation in experinents
utilizing the pronyelocytic cell line, HL-60 (41).

wW®ERvl02891y, creation of nyeloid cell |ines defRCl/ineo4/av0215

signaling through their retinoid receptors do not
undergo granul ocytic differentiation in the presence
of G CSF (22), and retinoild-deficient tissues acquire
- . a . .
Do o T 30 20 B e EE Oy R pRAGE TR Th) s of3brelion
mayiBé ki eehpbtant s O SurfiafoPleNENIRE B3 BT 36 37)Ni Bt Gtbriiere,
2004/ 078917 PCT/1L2004/ 000215 10 expression of
disruptiom @if aetndid acet epteptomdtiAity] apleyidegcedhan knoeklous snafse
expression nmay be an inportant event in_tunorogenesis,
modads disguptedsor 3%6 RIYR . gemgr displayore in vifre blprk &ngemmulocytic
.~Letinaic id.receptor activity, as evidenced in
(hﬂ%ﬁ%%@@8%£?$6§§e nmodel s disrupted for the RAR gene,

! pise 1 ne R .
ai FROPE gharnehdie Wil s, SrBbEMRRAE, fiaydpeplieg n e
devalopintBnk &t H&ﬁﬁ@gs{;&éﬁaﬁa@ 2y '((gg I iThd BEmaBSIELRP IR and

of "hemat opoi et i i nes The hematopol etic

earl3t grogentior @@tk yarer clgantteared &yl shedr quefaae aslredsiqd dythe
their surface expression of the surface antigen

surfage laatigkm omarkes kape} as EMB4ex ehdisixolusiin of expression af the
jg%e to surface |ineage_ant il%;fn markers, Lin. )
surfags dineagh astigen mazkers, baveiperissuiniublizag severaldsukemia

cel AN Ry aban RURPR Frid TeroifE T od et BS<ropisin the

k4] L)1 10 g L O B
whétRagd &ﬁﬂ#&ﬁki@ Ro R24R aBelisheth€D8RAntige Qp%gﬁlaatibﬂ%ﬂj’%ﬁ.

are conflicting as to definitive roles for Vit

and tiéfefore,itodiacd, ithe dafa ary eboaftivnegydsito defichitive roles for VitD

pronyel ocytic cell differentiation, or prevention of
andt Rasia ipdegensesSmyalanhonagiytis and promyeloestis calideerentihtion,

i nacti.vation of RAR RXR and. VDR usi ng antagoni sts, .
or RFRESHABEOF dBEFOPEREESERS: t AHASUSIEISOTRE RIEHONS Sidies with

o AR S s RO A e
trarfADEHGH %tH&Lanfiﬂhe#gﬁfﬂt@d ¢&ldnta, U Erﬁﬂﬁit?(g géanouflocytic

bl'ocked at the nye ast or "pronyelocytic s
anddnbhecseit diffei@miatioh dthedstubitl wdtk cdnHhidias asiardetk&dSiaRell
_ 3-kinase is a |lipid kinase conposed of a Src honol ogy
lineg thatreae locked at the myeloblast or promyelocytic stage of differentiation
(19, 22, 64).

PI 3-Kinase and CD38

PI 3-kinase is a lipid kinase composed of a Src homology 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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catal ytic subunit (p110). PI 25 3-kinase catal yzes
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at the D3 position of PIPI 3-kinase. Pl 3-kinase
activity has been linked to many aspects of cell
transformati on processes, ilncludi ng increased cell
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2004/ 078917 P /IL 004/ 00215 11 ot her tissues %Qly
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cellsPhespindoivdld Dydsintssier3Ckilodaasnarse Depe@hneed, iMombRech J,
all-trans retinoic acid-induced upregul ation of CD38

Combagé)n B@hetr@brlﬂwanbé}m&mblia@mtpl 2002 1531g: Le@N 6] D,

SSi e{r l.ochmann 'S, . Degenne I\/{) Donenech J,
n@ petrgam ignal teansdaction gmgosegr y nugledrresepporgsuch as

the &t ans’ol%ggkl?S 0 né@é@b&%?}sﬁﬁ%ﬁfm egﬁlr@nbf‘g\?@%@ﬁ&f B3 kﬂ?é"’»
o, P SRS, i, o

funtect of PIG-kipasp ! tHektiRhObn %!fgxﬁéie'af‘ Becephfs '§ﬁéﬁ he @IDR was
function of Pl 3-kinase in the activation nucl ear

demerstptat sins AHPds WDR WeBreatteemnoifr JEH 1 @ef[é"Pwith lo,25-
.cells. Treatment of THP-1 cells with |cc, 25 15

di hmqhww@a@;am Parfilh) M@S(assqelmd it oepidtomd m\mnsllentapmcd:amdm

P %r ansi ent. i.ncr eas 3-ki nase activity, as well

BB A oo wnﬁépawaatw PE T fdladed Surac
exp‘?%%?{oglr%:%f??gtl?fgan@pbgl lgt fq}?ﬁ Q‘éﬁﬁa 1?1’%%681”@%}10pb nduction of
CDEXRIEASSDAND (e pFASRANGGeRnBE 115, BB AGRLGH DYy g]a%)tbglﬁ 3-

3- kinase inhibitors’L and

kmmaat inhévises O 19A002 lagdt SemahBing Qbﬁﬁ%efn% oh@@mﬁ’cléé{@des to
catal ytic subunit of Pl 3-kinase; and (c) a dom nant

MRy or vibe npk khteatalytRi s@bikiinasfePl S-kirlaae;| ynd LY A @O#hinant
d wor t manni aniD' nhi bited D3-induced expression of _
neggﬂyq:] EEPtaf B-Kwash pSimplaeyal L ¥ROHY2 and wortmannin

inhibited D;-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 Cell Differentiation Is Regulated by a Vitamin D Receptor-
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conpl ex contai ning both PI 3-kinase and the VDR These

findings reveal a novel, nongenom c mechani sm of

hor none action regul ating 12nonocyte differentiation,

] a a . .
e p N TS, 25y AR “Devid
NafperiLagat Sly, Neeiiie i Ine KnMeloumPatd g, HebeN el and Neil E.

Decenber 6, 1999 1583-1594; 5-D hydroxyvitam'™n D3 30
Reinaduced Myeloid Cell Differentiation I's Regul ated by a

Vitam n D Receptor WO 2004/078917 PCT/|L2004/ 000215

12 P frdionality ab Bl Bokingswph a8 eobiggtaalyi dogviGorephefactor in

Za i a ma, .Devki . .Nandan, Laura Sly, Keith L. o
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innguaceitesheitical sidlyes it éaifbed] mrédcoplragtsrdvehl BRiifcrease
. acid. Imunochem cal and imunocytochenical anal yses
in thy agonind od| PInd-kimese,oplichlis parteondaly anidencateths evuciaar idvesl.

mount of Pl 3-kinase, which is particularly evident
Inbgaitipp of Rlch-kinasp eagtivity fy nasempoler eanesntrtioss if taegmannin

and 8 B ' SpRssltir BB B SHGE ckh POHSSASERagment Of p8Sa
AL ORI B BT, ML o
thel PIBOhARN shalihP Sathwy ﬁg?@%ﬁnﬁi&ﬂ?'ﬁé&&n@ﬁﬂ BrAYL Y cells

‘wortmanni n treatnent of 60 cells prior to

pridi tof differdritationrnwith til-radds-tetiaoi-dotd igetit] dehdingSo apoptosis
lethal , leading to apo(g)ta:si s 15 foll owi ng

follgwiing defierentasion. Theese dia tndicedé tlaettPTt hirinaBe adtikitnpbays an

act i, Vi .plays an essential rale in pronpting
eSS uﬁog%ylgi nyoaﬁlqtifnér grnURGYBR diBEreniiiono, (Rertagnolo, et al.,

. 59: 542-546;
CartR RSSO BT SHo e h v Gtehe s1veh 8Pz e
I if @t | t
dormist Tar S B PP SRR i SRR (R Rony rssplptory
pathragd e/as eni@ishatddSMe) iflerofli hdB4tOPbictici @Misi SSBIBCRHIscle
by PDGF- BB, bFGF and EGF, whereas |G--I-triggered
Celld ghMChglepdiffenentiationnisi mdaicad nlgy PIAGFEBBetiGE eshd 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
p38MAPK 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 p38MAPK

pathways would determine phenotypes of visceral and vascular SMCs. [J. Cell
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difMreutiaiofein thesieall ilaies (Bostaynpstiy, MbAIDGEN i1990/6B125505-13,
5 Kazuhiro Kinmura, Wataru N shida, Hroshi Saga, and
Dogg rﬁhP wanesp! "vigeabftmsdugtive pathway of differentiation” exist?

di ff.erenti.at,ian-i nducj ng, agents, activate P13-ki nase
Colfiparispia. PhadHieienh el t%é?@#@i@twomeﬁmmy Bpdelk s with
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NieokEnss =] st LA HSIREAY loppyo e

crite] Iroldi folr 184K istiiriadinc xRSt 8f ifBS@hs MEIs of osteoclast
differentiation of HL-60 cells in response to

and ogtsolbliasiydifiexgntiatian andD8irvivihsadnkoviskaSE) 1 rRepest RANK
(it ugi Z§ of bone growth and devel opnent indicate a
ancpalphp £Y)B() ategsin (Briden, st gh&dneg 9dyak3r1@amlakewise, PI 3-

kingTPREHERY 2P0 drasc o Vion b Daen (levasts Be critcal to
profREEROR B MO s M SPIC et btk TR of Y RElKosci

Reyﬂmezﬂggi@t),ed p70 S6 ki nase activation has been
shown to be critical to proliferation of human neural

st eWMQY/HE7 I amdh W@ OﬁMl8mdtﬁﬁeacheﬂlaﬁéerﬂaiﬁ\l%ﬂgg&céhelators
Res 2003; 72; 352-62). W99/ 40783 and WO 00/ 18885 bot h
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Further, it has been reported that cellular PI 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-
kinase/Akt pathway independent of the generation of reactive oxygen
species.Ostrakhovitch EA, 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 differentiaion in

'undifferentiated human fetal cells using PI 3-kinase inhibitors. Other studies
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SUMMARY OF THE INVENTION

The present invention discloses 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, CD1S, CD4, etc.), as
well as CD34"/CD3§" cells, especially CD34 4,,/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
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20 agent which can induce stemcell expansion in-vivo.
SUVMARY OF THE | NVENTI ON The present invention

waele@ahtwes t he use of vari ous nodul ators of PlPGFIL2004/000215

ki nase for inducing ex-vivo and/or in-vivo expansion
of stemcell populations, 25 resulting, when applied,
for exanple, to hematopoiéfic stemcells, in |arge

selfIeiRAIS pefentiBifthf ah§nhlahée brEB#ibLipb kB8], whidhl foquites
15, CD4, etc.), as "well as CD34+/ 8- cells,
largesnetiead bfsteBettpopulationscel | s. This novel and
versatile technology may be used for ex-vivo and
i nWhile redugrag she rprefent tievendion| o, puicticentit wps iveekpeciedly
ot her origins, majntaining their WO 2004/078917
fowm%Tmaﬁzerdxbﬁgﬁz 10 HB Skigasee AEURILY p&ERIARS alber groggy of

b 3F 8 REERAERed BRMGE g e
' [ LCe. it t edl
profSEREH UL BB OUEERALL | ves unerpectody
t haREOGRESpRted offeldt vrire @ﬁi‘p’ﬁsﬁr@l¥ Qbtfih&dwdrh!the 386kce of

stinmul ate and prol ong the phase ot active cell

cellprvdsi EBB4T enriclebhexp@psietic cells (tencaid sardx progenitor cells)
These unexpected effects were surprisingly obtained
andwist swprisogly.ewbéen thesdwcoas celbsmel theegntire fraction of

oL e o LRSS G
i.ncl th LiE ' f 10 | bl ood
sterhe o deFHE! SRR oM uni te bl ood celI's, whi ch
| NHHAAS uid@RLieR” RE8NhE oﬁmﬁfl% ﬁgﬂ%ﬁp@%@te cultures

Equatl I'y“unexpected was the _ hat ~ pr

incliepéd ogith einbibitoss esf AMBRIbahech W tRsodibiddl ais Paf 3-kinase
CD38, which is associated with Pl 3-kinase si gnal i ng,

signatingal edealedi aar erseasenit e ppportioronoffcellel poducing o-
producing a 15 fetoprotein, hence signaling the o

fetqprofeirf, dreace signafingaht yprobfeaatowy o€ sarlhepatocytess Thus, it is
expecied that this new I scover ef fegt qf . .

XPRBE BAIGIS T léfi%eFFé{g%&%Fétqf\W?‘;ﬁat&ﬁ% og Bhd-kinase activity

xpression..can be,used for maximzing the ex-vivo .

and] ¢RI SRR PR GAlY DB uLScel Bl MRFIndlafel P e, secpdpsion of
ek LAy hBEk; e aspect of the

Varprgzyi&}e?q%%gﬁ??dwn t g?éeﬁgégpg%l%%éﬁg 20 net hod of ex
Vi vacexpandiongnangpesthoDilid peesdhf Litre@fibhathen iobrévided a

popul ati on of

method of ex vivo expanding and inhibiting differentiation of a population of
stem cells, the method effected by: (a) providing the cells ex vivo with
conditions for cell proliferation, and (b) ex vivo providing the cells with an
effective concentration of a modulator of PI 3-kinase activity, the 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 of the present invention there is provided a
method of transducing expanded, undifferentiated stem cells with an exogene,

the method effected by (a) obtaining a population of stem cells; (b) expanding
and inhibiting differentiation of the stem cells by: (i) providing the stem cells
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stemcells, the nmethod effected by: (a) providing the

cells ex vivo with conditions for cell proliferation,
w@ea40mP1EeX vivo providing the cells with an PREF/EQDINMS215

concentration of a nodul ator of PI 3-kinase activity,

t he nodul ator selected .capable of downregulating a

Pl 3-kinase activity or anéexpression of a 25 gene
witBneaditighsaoPlced ;ﬂfbﬁ%@ﬁioﬁ had €hy P@@wiain\gom@@éﬁddém Wi an

inhibiting differentiation of the popul ation of-stem
effeptiviescontenivatibm of taommdatater oAPhSckinae tbkvity,etentodulator

invention there is provided a nethod of transducing
selesterh papeble oh dpwmiatm 81 Stlemaseendtiyipi etharexpresgjenef a

sk SRR A RSB A B0
. diff tiat - f, the.st I ls by: (i i dij
vivfy EEEBE o BhRR R bR AHE MG bh R o6 e SisTsgna o
traxmdhei_ngaﬁé e&gﬁ{aﬁdf &adi?ﬁém&&%gtéﬂ&ﬁlg R ddolskne.
providing the stemcells wmth an effectrve

congecdrdity enfiethen femaliek ah PrefefreRlenthddimass Fthe \méﬁglon

the nodul ator selected capable of downregulating a
desgrikédbslovathei transgucing aneffxged byiaorectdr includarnethe rxogdémy
a Pl 3-kinase; wherein steps (i) and (ii) are effected

i n AP¢ording texyes {uriher foaiirepyinepedpechcraberiments of the
. inhibit] di f.f i at i f th I 1s;
bR o T Gctem s A D Pemabinshpivel o
herﬁ‘éﬂa{ioi‘éﬂ@ %‘%ﬁ&?cellfmor ding to further features in

pre 8 odi rrent’

erre nts of the invention described bel ow

t heAbEHaRRHUS Mirther GRS bE ﬁ}%rteﬁeﬁ‘tq Y&t bk Mol{itd a

exogene. “According to yet er features In
therapetiic regdvievhodiun@htgnotell Rpuldionny@nplising deskfeR@dated
bel ow the stemcells are early henmatopoi etic and/or
herptppeispoi eclic gpegéed t arcordinks to Abeomdithods oofa ther present
. _aspect of the present invention there is provided a
m"?wg?%\peuti c ex vivo cultured stemcell popul ation

oA R0 AT PG L o
G BTbLR e AR ARG LERCHEGR P s

a mopulatdri off PP Predsdedetivitg el b iBHI HRGOIPELSILNY of
a nmodul ator of Pl 3-kinasé activity, the nodul ator

dovemiegulptidg caplablkénast actioitnioegulexpiergion &l a el BaSRling a PI
B-M%%tsé.\/i ty or an expression of a gene encoding a Pl

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

According to another aspect of the present invention there is provided a
pharmaceutical composition comprising the cell population and a
pharmaceutically acceptable carrier.

According to another aspect of the present invention there is provided a
method of hematopoietic stem cells transplantation into a recipient, the method

effected by: (a) obtaining a population of hematopoietic stem cells; (b) ex vivo

expanding and inhibiting differentiation of the hematopoietic stem cells by: (i)

ex vivo providing the hematopoietic stem cells with conditions for cell
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20 3-kinase. According to yet further features in
preferred enbodi nents of the invention described
whedoandhe cel | popul ation is isolated from saPdI/IL2004/000215
medi um  According to another aspect of the present
invention there is provided a pharnmaceuti cal
conposition conprising thé7cell population and a
roRRRAAGE 8 (IPAlrbvi qRé e iE#H & 'sterAC dj 3 i
P anot her asgg)(e:% bof(&?%e pr eserl%?ﬁ?lgggnsﬁrﬁn%?%e%ﬁeg)ing&Wlth an

effqtioei dedeatrativat bod mbdhilatertefoPl 8ikisaset &Mvés] kaid modulator
transplantation into a recipient, the nethod effected
selapped ¢apabbbofidownegulpoggud i Bekinese aetindtyopoare txprestiemof a
cells; (b) ex vivo expanding and inhibiting _ o
gengi qrcefig o dtli iinpses Rerqtenekbpeing rrd dnldhitng didfapgntiation
of e33R FantiobRicR Ll A L wSR 08k 81 Reb@Tofil! fem
cell@%o‘tﬁgqgég%ggzﬁ 17 proliferation and (ii) providing

the hema oletic stemcells ex vivo with an

ef f g6ddramgCapCoRt habihep Rpe@ BPUheabRiseRl iMbemdidhl MRGE is
activity, said nodul ator "“sel ected capabl e of

prosaladreegetianid sfthdapBive 3nkivnederast cothpyisiag (Ayobexipimessi on
of a %Sne encoding a Pl 3-kinase, thereby expanding
progemitom hicmiatopvaetal foells eomani patiditpf(b) ey stvenexpanding and

G ROMIE L ) -
SRRt gt IO OB Bl Sl ion
) R RO (e Al o A Braion

of expriddiaigr aTdPL G-kinakdidctingy ditfd eqnflatel iselecedd thfable of
hemat opoi etic cells by: (i) providing the progenitor
doweregtipioiget PE3dahdss ativitly\or ani ¢xpressiati of agsné encadihg a Pl
proliferation and (i i(g _provi di ng the progenitor )
3-kinaset dpseley icxpaeding and wnkihiterer differentiaiton et that pregenitor
of a dul at or Pl 3-kinase activity, the nodul ator
herSgipBafPBh el aindlen fanipiias dha: Pingealipr §mdipagienc “Cells

. L M or an expression of a gene encoding a Pl 15
1nt§§&€liér{]gige}ét. t her eby expandi ng and i nhi biting

di fA@é(ﬁﬂIﬂdgaid MbtREr ANPRPSOGRPERNt INEIRIARAERL isGrovided a
cells; and (c) transplanting the progenitor

metiexatfopobdizaton elfimneimimow stanicellenito the perigha@l bivod of
a dgg&ﬁg 353225% tl?ef célPs?th%rrrelgt%gtd i; Q%Ifggtteid%gf: Ealgeard?niinfstering to
the donor 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 population of bone marrow stem cells and (b) harvesting the
cells by leukopheresis.

According to yet another aspect of the present invention there is
provided 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 PI 3-
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met hod of nobilization of bone marrow stemcells into
t he peripheral blood of 20 a donor for harvesting the
w@edsm789the nethod is effected by: (a) adm ni SPEF/II2g04/(0215
t he donor an effective concentration of a nodul ator of
Pl 3-kinase activity, said nodul ator sel ected capabl e
of downregul ating a Pl 3-kithase activity or an
kirenspr £3i9it9nor0 bn 2exgRERIENO©FH BEnd eﬁbocﬁn?! AF9€3 -1 RfeE Bereby
expandi ng and inhibiting differentialion of a
expaplihatandninbibiting edifferentiatioh eofi € @lopalatiod ¢Hytem cells of the
harvesting the 25 cells by |eukopheresis. According
patigntysech %‘r%t%)@rl rgyowat ofthenhedylnios of P13rkisse from sdidpatient,

' | ded th f i nhibitji .
th iR ¥ TR, GREviatateh TOREH T et isc slevgied. fetal
bt S t of a f3-henngl gbi t hi tiept
hefiDetdhi g O RTRY < By ¢ o MRt b BrREct She B

heﬁﬁ?f&ﬁﬁé Ph 8k ﬁ]gﬁplul ator of PI 3 30 kinase

activity, sad ul'ator sel ected capabl e of

dowrroegtding ite Guahd fedt¥@ RORFOTRPIAbEE 2 80 MO ARon

18 ki nase activity or an expression of a gene encodi ng
descrifed3belowathe, mdtbodfyrthex pemgrismgatic stepi df timgnistering a
di ffereﬂqti ation of a population of stemcells of the
¢ giriee‘i?t S@ehcrthat upon renoval of the nodul ator of Pl

22:?&”%55{1@%’ m@?ﬁﬂaﬁﬁ%gl?éga@%t!‘ﬁgstﬁﬁ kSR aenbpg) there is
DR <O BE R ERRERH RS S Ryl sine

préwudindethehanti FeRMitihf dP§RfEELIRA bgaé?ttﬁe Qbndd¥ration of a

i nventi on described bel ow the netho urt her

meeimtgior soNigPt ha-kéiap oktialdy nhet gidditatdr Sybakin@apdble of

the patient. 10 According to still another aspect of
downecgatingna Pl dvisinasoactivitr er irs expessioned asganetdnoddiogs a PI
3 lﬁr ese@/at.i on of undifferentiated stemcells conprising

PRRs o s omdiiferentatsdsiem pelly skherprowiding b phrigrmed in at

cSEDREDL 18 SARAHFLLER S e et T i e

hef@wpoegid @likng a Pl 3-kinase activity or an expression
of a gene encoding a PI 15 3-kinase of said

unditfcterdeng t@fiathateatued insprefdifPEA¥b MG SF the invention
performed in at |east one of the steps of harvesting,

degczibedt belgvartte smettage fofthetheompdisifeerpoviditigedhe cells with

hemat oppi etic cells.
nutrients an% cytokines.

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

According to yet further features in preferred 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 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, (c) a ribozyme which specifically

cleaves Pl 3-kinase transcripts, coding sequences and/or promoter elements, (d)
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According to further features in preferred enbodi nents
of the invention described below the nethod further
w@owpioiing providing the cells with 20 nutriBCL/BE.28000215
cyt oki nes. According to further features in preferred
enbodi nents of the invention described below the stem

cells are early hematopoi etd ¢ and/ or hemat opoi etic

an piRdgAninbcuketdpablereliaddeing deprad@itiohwit res-kieRE Lifg%%cﬂiﬂs;
cgr eferred enbodi nents of the ‘invention describe
anthes)) D Ndymedwhishopesidically etbavapRDB ekinfsedeamntaptsl NG
3-kinase activity or an expression of a gene

chglé}i:‘h@ﬁ% pp silkifpeber ifeaturgs| éttmdferlredlr(rembedgn@up of the
. i sti f J nhi. bi Pl 3-kinase .
imvERH5H Sebdoc ot Gie ipibicds ol i L usec sstiyihias bertmannin

orE?E@Qbﬁz of specifically hybridizing with an nRNA
transcript encoding a Pl 3-kinase, (c) a ribozyne

whi alceraasg id fitler fethRRVIBSrBlerrdd 'Iﬂﬁﬁﬁnkﬁﬁ?éifﬂ\i?%h%nﬁon

codi ng sequences and/or pronoter elenents,
des2fibdd GERSE TheGIddulR0P 442002 b5 doﬂx&r@%xl@%x%:‘ﬂ mokigasd Sctivity
- ki

capabl e of inducing degradation of nase
or expapsseon pf & genaencoding Bl Bitduaseds ahiaati- Rl kirfase ahtiyody.
cl eﬁves Pl 3-kinase transcripts or DNA.  According to
stifircordingde stihiurther ifeatyrast ér meefesiedoginhedinserds athéhe

. ion..d i bed bel t.he inhibitor qf Pl 3-Kki
i O A i -2 2 oo R SPEY g .
f [ f di t f . ]
By T Y—
desddbed ebelbat ithe ﬁﬂov@dihgnfks%fﬁ%ﬁéd’ gy tra‘?l"silg‘ﬁﬁgr Eﬁéﬂegﬁng f the
a gene encoding Pl 3-Kinase is an-anti-Pl 3-kinhase
antgenichpdynudleotdeli thg ritozgive| the siRiNEmblealler &SthEMNAzyme

.preferred enbodi ments of the invention described
with pfctheclhnt i - PI 3- ki nase antibody is ScFV or Fab.

AR o 5 D BT rebloh o B
m G RS SR M, i o
o BB o LR ! kg
the irfbeeptrieo thedsiBRNA beslebak o tho®WAoYhE! A1 [t fioShEgr Mg
the (ei?prgsrsiob\ié dplorllygnuacrlleotide into a genome of a cell, thereby providing a
modulator capable of downregulating a PI 3-kinase activity or PI 3-kinase gene
expression.

According to still further features in preferred embodiments of the
invention described below the inhibitor of PI 3-kinase activity is 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 is 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 are selected from the
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expressi bl e pol ynucl eoti de capabl e of expressing the
anti sense pol ynucl eotide, the ribozyne, the si RNA
worioaowie7 or t he DNAzynme, and (b) stably i ntegP@l/in2go4/000215
t he expressible polynucleotide into a genone of a
cell, thereby providing a nodul ator capabl e of
downregul ating a Pl 3-kina¥e activity or Pl 3-kinase
grogpreensiktingofstens celh facto; BLANggAnd, Stedlbulird, ombopoietin
features in preferred enbodi ments of the invention
andy geH ewen-I ednslythen date raetivet aytoloneslarg sklenteslefrant ithd gyoup

congiy oSk BeEmontte melomhatEnig s i SmRlorBmaeephage
. i ts of the.i ti d i bed
colBh THFRIRAD: Rl uBinnaGik T or cel) prol i ferati on
: i di L4l i 1. t 4 ent. d
cyt o heu o R QS ey bl e ot FaivEiton

desgribedd tetnsi thei emotelRasleY d@StddNEofY hOKhRES s@f&@‘%e'daFrSm the
acting cytokines. 15 According to yet further teatures

groiup coneiting ef hematafioietiv ellsf nevrel céllsy eligodendiesas chied skin
{%le)l EW the early acting cytokines are selected fromthe

cel gt 768ls7” PabryeEd 0410 02¢8s, 20usploupeldnndicsei ruglls,
of 1$)lte celLSIP factor, FLT3 ligand, interleukin-6,

TeFHHE W%}JS‘? PAOCIEREC £ %Fh%’ﬂ@%ioﬁytﬁ,s apA gtroma gellse act i ng
cyt gKi I I mithe qr consi sting of
o s AAeR 8 7 e el o AectifRea “EBodiimenths O the

invehtde ldesoiRIdTBEIRP RY E‘Feg:i %lgeﬁtg garg Ld?ﬁ?grﬁt ).;rglg} haGe M or

erythropoietin. 5 Acc ures n

perjphefdhiest, @redhamntmbiical berd tieeat i on  descri bed
bel ow the stemcells are derived froma source

sel Aetading oo ik fugheufeatoresi at ipngfeatdhembbipeirgs iof the
. cells, neural cells, oligodendrocyte cells, skin
Invertiqry deserbed coelep dhe emsthpdnalf dieemressnt sinventien,e further

corffiiile RoRePony telecia & PURRRR I Sielh Achor eRrigedofor

henY&bpdidfit B ures in preferred enbodi ments of the
[ nv%nlt Ponﬁeg%é??gl'bed bel ow the stemcells are derived

f r oAcdugdighter fidtbeP FeatBRs iR | i AN i
unbi | i cal ggfgrd bleooecﬁ Acéo g(fiﬁget@gﬁ%qnﬁ’k?{&” hethlllventlon

desebedibelovi thepekedction édaffedredivire@DS 4afr ¢1h€33.i nvent i on
descri bed bel ow t he net hod of the present invention,

f urdgrerdingstociyiher &avgres he pseferred fensridamentsgpfahe invention
des&‘?@éﬁ %eilc?\g fe Srtngtrgo‘(:ielﬁllrst’hgn rcio&%?i%irfgorthe step of selecting a
population of stem cells enriched for early hematopoietic stem/progenitor cells.

According to another aspect of the present invention there are provided
stem cell collection bags, stem cell separation and stem cell washing buffers
supplemented wif[h 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 population of undifferentiated hematopoietic cells.

According to further features in preferred embodiments of the invention

described below the modulator capable of downregulating PI 3-kinase activity

or expression of a gene encoding PI 3-kinase is an inhibitor of PI 3-kinase
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hemat opoi etic stemcells. According to further
features in preferred enbodi nents of the invention

walewanoided bel ow the selection is affected vi aP@DBL20GK000215

CD 133. According to further features in preferred
enbodi nents of the invention 20 described bel ow the
nmet hod further conprising 3lhe step of selecting a

activ@tp \drahi 00 -Pf 3-Kieie aatibsdgnri ched for early
hemat opoi etic stenf progenitor cells. According to

anoAberdagp e tyedf further pfeatass innpesfeired dihleddining of the
. provided stemcell collection bags, stemcell
invewrier descoibeditlew ghe delibitan ofiM - gum@ astivisy pp Méommaeuin
V%&g‘l amount of a nodul ator of PI 3-kinase activity,
or Ig¥%; ‘nodul at'or sel ect ed capabl e of downregul ating.a

encAeHgRE” s Siiriptad e B, ARTeRPe onBadBiGe of the
1nvéﬂlﬂdr$ bscrlie! Sélgﬁ'; vy bf%ﬁl %llaco‘ﬂ%?ﬁ&?tﬂ'&gg a?lgi buffi:rs further

undi erentlate mat opol et c ce cor

supblenhdifed e miteientisindlSteines ERbegtorRRE %amoetse&cted from
I nvention described bél ow the nodul at or capabl e of

the gooup eensistinigrgf darly:hchngas;eolanes atidt hte @&fingreyeoddnessi on
of a gene encodi ng 3-kinase is an inhibitor of PI

3- kit Eingote ouy fmves uzo@msf@ueci 1@nbodinzants \aft the

nti ki nase anti body. According to yet
inv i dRSi e bElos B caridr RUEL RHGUTIRS TS BHIoatR@ from the

A A it T
andsiﬂtéﬂlelﬂéiﬁ-tSh ehdf gt %‘icﬁ%cﬁﬂ Fﬁ/@(ﬁl&ﬁése dref P%l@ ﬁfe ERsp

i nventi on descri be stem ce

conbagaganil ghutfil @yse cbloryhetimusitipp! S1veR am&lb @Hﬁédr@{iﬁ
and cytokines. The cytokines can be sel ected from the

COl@mbuynubﬁslgsfwtngam epdtoposdin. ng cyt oki nes and | ate
act éyt oki nes Accor dIfO% to still further features
)b Ao asppetoiothemiesent invieatienttheri is provided a

TR e A —
1nhftﬁ%ﬁt1$rd1ffelrgl€t e{tfogla'b‘% c % tjnf z%ﬁg% gﬁ%g? E D ltgp.gg a

and nterleu I'n-3,
popudtRet etcdlsaimphbR: (ﬂr @Mférerﬁ@dﬂﬁl'gs ’iﬂ ﬂ& s&{c@nd%' é?ﬁ&@e of the

colony stinulating factor, granul ocyte/ macrophage

modwhatemof Fli 3vkinasé agifinciet (tﬁ)rnés@smglmmngeﬂn differentiation of
the cells. An increase in differentiation as compared to untreated cells indicates
a modulator of PI 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 are 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 are early hematopoietic and/or

hematopoietic progenitor cells.

According to still further features in preferred embodiments of the
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15 According to another aspect of the present

invention there is provided a assay for determning
wob@tizso1a nodul ator of Pl 3-kinase activity iBCTHRabI®0215

of inhibiting differentiation of cells, the assay

conprising (a) culturing a population of cells

capable of differentiating? in the presence or absence
inverftiathéescnibdd batow thef ashy Sarktieramenmiding %)tcwi@ilﬁg th®Xells with

assessing changes in differentiation of 20 the cells.
nutients ged €xtkings. di f f erenti ati on as conpared to

eat ed, cel | s i ndi dul ator of PI 3-kinase,

unt at e a
actﬁ%ﬁ WOFW@%&B@ eqt?ﬁz@?infi SEAYPF GSHtngt fginrlyaarding
: . decr in differentiation as conpared
Cyt@%nésﬁﬁde%&eeg&(%% fggﬁﬁﬁ%l cates a rrpd_ul at or of P:Tp
3- KA B@5t8iraC {6 Ul fGARAC e fes! %P?%fg#fgge%qlbodimelnﬁs of the

differentiration. According to ¢ ures i
inveitedre desetitibbeiowenhe eaflyt mingmsz@m@a areos&l6&ed | & the
bel ow the cells capable of differentiating are stem or
gropp cgusisting of slehscell factarubETanigaald| interbelikifi-; enbirbopdietin
cells of a cell lipe. According to further features in

andppgerdeukane raveldtheelate asting ratolivemeroseleded cirpimethe group
bel.ow t he stem or ogeni.tor cells are ear|]l
Conﬁghﬁé\lo%tg ERUCON /cgion%lh ét:ll%‘fl%‘ﬁ]&ge facton, g5 @’@HP%/Y?F/ mRaqrpRhage
' i | f eat [ f d
coldity ARl ac Oy R L p bt 055" BT Loobay 000215

22 AgyRBie0Ro dRSChirlRd Rahe tiﬁ\ipfﬁ%ﬁ&f&%&ﬁfmms of the

conprising providing the cells nutrients and

inventioak dessibelinbeloyt tie stes célls bee detiesd Ebnk r088urbe selected
group consisting of early acting cytokines and |ate

fromdhe rggoey coksisidng of heweatnpdiety ¢alssnetital tells, hdigodendrocyte

fegl%iurqe%ai g preferred enbodinents of the invention
cellgesidp; ¢5Llg, Bepaiig eells emhryonaltsterg espisoriusels ealls, bone cells,

I T
oSk 02y 0, SRV e

invertlnylessiibed |6 WIadsasding chih SRUNOGH R4 TBEARE IR ctd Ovia
colony stinulating factor and erythropoietin.

diffasnsiptiongnarbesset further features in preferred
enbodi nents of the invention described bel ow the stem

celdord@gderiughgr faswics s puefened endmdementsrafithe fiavention
des%{il?%ﬁ &?@E@\%ﬁ% ggﬂg}cen%gtr{grtl oﬁl%i‘l?éris Car%e lsélgétege rro?rll tﬁg ! Igrso’up
consisting of CD133, CD34, CD38, CD33, CD14, CD15, CD3, CD61 and
CD19.

According to another aspect of the present invention 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 pathways involving a PI 3-kinase activity;

thereby ex vivo expanding and inhibiting differentiation of the population of

stem cells.
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cells, skin cells, hepatic cells, enbryonal stem
cells, nuscle cells, bone cells, 15 nesenchynal

w@edosm7sIpancreati c cells, chondrocytes and st rPCEIL2004/000215
cells. According to still further features in
preferred enbodi nents of the invention described
bel ow, assessing changes im differentiation is

ef feRrd Sﬁ'eééhﬁ iRl §ﬁ‘<§ée§§ﬂlﬁg dg%ﬁgs‘gésg -theb‘%ﬁgﬁgéglﬁgngtsoof the

further features in preferre I ments
presentgnkiiown caffigesciohbeg previdmd Henctlhdd 6f Bripaghiing cells

markers are selected fromthe group consisting of Cch
delagdg @psn, diffegmtiatiod3 by Cintéderedbe 1ithCEI3ED6A RING-kinase

CD19. According to_another aspect of the present
eXRrﬁSﬁé@n,ia@HVtm,earr%/msPIp%kwaﬁéélglalmet hod of ex vivo

ex din nd i nhibiting diffe tiation of X
pop & PTSRRAVeRiEOT, fugthet eﬁuP%f}SSf'ﬁ@ PRSES gﬁn@wr@pﬁgngs of
ol . ' Wi condi t.ions for.

thelgts TP oot BY e SO R i Bpisian of
ren@ivabRi StenS LEIR ¢£!the gré‘seﬁﬁé RENUHSitQ TEOLA 9% to qbtain an

pat hways i nvol vi ng Pl 3-kinase activity; ther eqby ex
expanded gopahdiongfartewabledittmne:ld hfbeitembiraiidn Mémidixed

popul ation of stemcells. WO 2004/078917
pomgtion of cedlsp ogbich ey Thestinese fiaciiow efit ipercent.

sugéaasf uIL addresses the shortcom ngs of the )
pr ttiopa c¢ ghfliagurniagenet te pededaical picpaseations and

aﬂlg.iﬁsf‘{éoﬁ’g%@}?g{?ﬁﬁg%g%@rﬁwgﬁ%% g%gxwﬁﬁ@&glg lbf(:@pme apparent
o RIS ol

successful |l y addresses the shortcom ngs of the
presently known configurations by enabling, for the

BRAEFJPES CREP TEXN DB (THE OfR AFEMEURDI e stem cells in the
presence of conmtted cells, so as to obtain an
exphPRIdAVEHN 48 i leretr deserébwibl by sveyn afeleksmpid aily, with
t hei r oriéin froma mxed popuylation of cells, in

refGliTER (9 P AR RS AT get | WHDowel peFeetfnce yw to the
it . t t f t th [

oS 5508 B8O TR e PTG

exa‘n’i}ﬂelpraﬁ§e Fbr | PYGIRLELN oM lﬂusﬁﬁﬁﬁ?gg Idf%gﬁgsﬁ&?t of L thed NGreferred

skilled artisan by reading the W ng descri ptions.
emBRIiEfenBESCRIPPeSbhOm vEHERRAW, NG are presented in the cause of

providing what is believed to be the most useful and readily understood

yet

description of the principles and conceptual aspects of the invention. In this
regard, no attempt is 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 is 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
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15 The invention is herein described, by way of
exanple only, with reference to the acconpanying
waele@iorgysr Wth specific reference now to the PCr/EWNIYD215
in detail, it is stressed that the particul ars shown
are by way of exanple and for purposes of
illustrative discussion of24athe preferred enbodinents

o G IR LG S BT A S ABRFEB LD o
lineggé-rrel!d&fﬂf éﬂtig@ﬁ‘éxgﬁe@@iioh}’aé%’cgﬁg%ﬁqg coflgsfr i ption of the

princi ples and conceptual aspects of the invention. In
t hiFIG.r HQascda FOCStdrilyadis i[ﬁoﬂTBl(ﬂ@Ving RAQW sitdgonistr @0° M)
details of the invention in nore etail than is
treatet esltaecetlourface mreatbemexpaessioniwitht asidiitey lofeltafexpression
invention, the description taken with the draw ngs
of thek (AP 4appig@nt butoan RBests kpmplede japregationy of the qﬁw and
i t he ngegf alt. fornms of. the invent idg(n may. Pe enbodi ed in
INGFEEEPIASE. MMUBLHFEPHSIR A B3 COBPECY R SORUPSEACS anal ysi s
pl hew n I r S| :
i CACT BEr B SIS oo Shls SHIISGRE HEECS SHRLERSMRbving
conhpdtEBIREC DL 8¢ Tl e APHnsHRRvelsih GontrbB ah§ RA KAk AR Yehied
pl ot show ng RAR ant agonist (10-5 M 30 treated
culomés. ure cell surface marker expression with a simlar

|l evel of expression WO 2004/078917 PCT/|L2004/000215
24 Gt BB ©D3u gamph gefn datsucolactadl nbyt FACSplasekysis showing

S e R G EL e
L LI RE T

conk®ye!l of expression 5 of the CD34 antigen, but an
al nost conpl ete abrogation of the CD38 and

| i negage2Celiatedragh | e darX RoHSSEANby ABACIMALEAMst Showing

controls. FIG 2A is a graph of data collected by FAGS
markedly sinhastalniGIg34' donpaclhbdxpadsida+loeld iexpapeisento RAR

l evels in control and RAR antagoni st treated
antagamstrteeatment, pf eitherghe d 03 ¢y HhhMVoeonrsentratons, @ cempgyed to
c FrACPS anal ysis show ng markedly enhanced CD34+CD38-
Ontigy- expansion levels in response to RAR antagoni st

phaT 8l SPTf URaLeAl 3; FALS amasis reveting
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 2Gis a graph of data collected by FAGS anal ysi s
show ng 15 markedly enhanced CD34+Lin cell expansion

WO ewel®891h response to RAR antagoni st treat mePCT/II2004/000215
either the 10-5 or 10"7 M concentrations, as conpared
to controls. FIG 3A is a graph of data collected by
FAGS anal ysis revealing conpar abl e CD34+ surface

in eypesssan shsem 9 and leskeskppsst sseditigiin RfAK%Mg@Jmst%Féated
and treated cultures. Cultures were treated with

Culﬁ&?@ éﬁ?ﬁ@@ﬁr%ﬁomﬂ@&w and 10-7 M [or 41 o/ liter to

t oki nes

ugé;llter] an%%[. nbi t|o S ]
(| L PE FIEF3PL N §oéF€5 ﬁ%te lé E Se@tnéb’stso shewing
entfleld 'Sclﬂgélit TRR° S REDESHORY I SPheBS | Bfsti Selingn of RAR
antﬁlgtﬁ@s/tefreateg Allfirdd BReKERPSh §ﬁ?da§ %a‘f?&e &Hr%ontrols in

treated with RAR ant agoni st s,

samyded rsabfectdd G 3B addiflogdla Bsifife dadlacte |8Gs.ed Ab
analcgsn s show ng con‘parab?e CD34+CD3 8- s rfaf:ae}indji%@a;ly

incmapﬁ sxprgssiop is ceen wedks googts weatdd ngite fR AROMIE@onigEy 9
glésaﬁgonl st .and cytokine treated cultures, (as
oSt 396 mgﬂ sanpl es subjected to an addi t i onal

3*1?07@8?3' B ot B8 bt b3 ARScamisss ed 1EC-CFU
ani 1 1 RAR
" ?1?22%"3%39% o J’?ﬁ@g EER TN 3?1§t Bty eolepy

formirgy apit abildptia eehhertamuhy FAGSI gm% 3\228@43 & RAR

enhanced CD34+Liif surface expressi

antagoagitregdot. deARdInStiemMiodgasi 4 tylokaaiseds Oalﬂotvér 8 to(ﬁﬁmst 12
treated in 3A), as conpared. to controls, in sanpl es

week§hpestt6ading. artad@li weaksaingddi tievks s €CEUsi @l SIBP4 cAlls,
I ncr eased expreSS|on is seen in the groups

resRelc@g%ézgyt\l}F BonSRyeHt K1 degjing. and 11 weeks post

nalgaA B E%S%ﬁaﬂgfi%p&a?f (5 Sy g Pboi no

bacRErotE34tim@b! proliferation and | ong-term col ony
formng unit ability in ex-vivo cultures treated with

10 ??ﬁﬁlg?ﬁggginﬂﬁiﬁg%@ oS theapskifve OBRiroY aif 188e18licl REN
cul@@ééhﬂymmmw GBBKS call durficargelsng. CFUs and CDB4
CelFl I(Sfx. 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 treated cultures
(107) 11 weeks post reselection showing ample CD34" cell surface staining,
and a profile consistent with a more differentiated state.

FIG. 5E is a FACS analysis plot of the RAR antagonist treated cultures
(107) 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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respectively), these popul ations begin to decline. 15
FIG 5A is a FACS analysis plot of the negative

w@ oI showi ng no background staini ng. Fl G PGBIL298042000215
FACS anal ysis plot of the positive control of
resel ected cell cultures show ng anpl e CD34+ cell
surface staining. FIG 5C2s a FACS anal ysis pl ot of

adnkiBRtEFAR RARAGMALShists! &t é)gy% ; ngrg sgﬁ@ggﬁl%ﬁéasgﬁtcm

resel ecti on show ng a mar

conmmfaglcgmp@m@sﬁosdogﬁm viliuef a less differentiated state.
FIG 5D is a FACS analysis plot of the RAR antagoni st

t r e dol8 uk taigesph OfGell) eiimevatikn ¢ais tshovdrg ahai tong-term
show ng anpl e CD34+ cell_ surface staining, and a

culiyrest pitkerconsed feithonfirsh 3 waske with rniagentstat @dadministered
5 FIG 5E is a FACS anal ysis_pl.at.of the.
RAR, pRiESARSE PuBmsSBredrdee T 10 infiedsE oies gk content as
' i.,ng a marked leftward shift in
Corﬁplf%g‘?ﬁg,&érﬂg%msént with a less differentiated state.
FI GIEA iSa araftebh ke @bfbﬁgsffo%fﬂg‘ﬁmiﬂ Hata ﬂgi\?iln?hﬂ%‘é’c Bth

that both [ ong- termcul tur pul sed for t st 3

longyeak sultitds pulsedafol age firstt 3 waseks whthuthesandiy 68 /R Badlires
PCT/ 1L2004/ 000215 26 admi ni stered RAR antagonists
adngigift¢ned dUARyantagaaasts godtifiedusly noreahs elramatifihcrease isn€FU
as corrparedeé:{o control_ values. FIG 6B is a graph of
condeit|as RTHRFHt forPrdd yabeswwil Pubsertreaimgnt wichding dhe hishest
CF@j\;aher pul sed for the first 3 weeks w th antagoni sts,
r zlléffﬁ'ni stered 5 RAR antagoni sts continuously,

el 5 ) TR T o
culﬁ@émﬁwaté@iﬁoﬂ%éh%ﬁﬁ)c&%t weRd groﬂeﬁnﬂ)'rt &{I?géssion of a-

cultures pul sed for t first 3 weeks with t

fetaprdoagon(/SFR) andcbinteBsainad mviths hemath AR, ankRgieRitst AFP
continuously reveal a dramatic increase in CFU 10
staipgng srevident Cisdpaowel procipitate)ol val ues, with

BA T B3 s e losgeingionh ainiee: messksokdh BripMPRicpatocyte
cul@égsgfsgf%%cggogﬂﬁ%i éitgl teggvegé ?nnc]u%ia{:e%'in'?ﬁg %}gs%}iéee 3f 10
> M retinoic acid receptor antagonist (AGN 194310) and were similarly probed
for AFP expression and counterstained with hematoxylin. AGN 194310-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 10” 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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fetoprotein (AFP) and counterstai ned with hematoxylin.
Moderate AFP 1s staining is evident (red-brown
w@e@eipotate). FIG 8B is a photoni crograph of P€Te2e04/000215
week ol d primary hepatocyte cultures isolated from
m ce. Hepatocytes were incubated in the presence of
10- 5 Mretinoic acid receffitor antagoni st (AGN 1943

culti®ys andbwedeinsihgi prasdrce WTOREY M frefinftPgX R6 (51°£ht§ ist
counterstai ned with hematoxylin. AGN 194310-treated” 20

(AGRpEH4EBdY) delloweé diyeutypsimaatied ahd ceglatiag] it ARRio of 1:2, in a
expression, as conpared to controls. FIG 9Ais a
culiyrot Beflaye geystid opf (idekiaest ailbese ¢wfures vemilalyd revealed

cheflst GRUICOIRPBalr GRGPIIRET s ver e noted 1n (hi 5 sampl e
i i 25
R e R e Bt
cul RACY RBAEP FARRIieE, SHPIRDIGhENERWIREGR(Y0 BERRH AU AGF

cul tures incubate presence o I noic
(20agp/0hly. eHepitotytan ixrpo tested wWiflioR ATO48&abnisANAIGIAY4SE () at 107
treated cells showed a marked increase in oval cell
M o pld atMorprohed ofgr . exgfiessidd FCalbenanphnd ariuatognapd ofith
I ensa stained, primary hepatocyte WO 2004/ 078917
hemprioxylnooAes0 0028 appreciahle hegkgionaddaiaing. dndisated that the

resence, of -5 Mretinoi i d receptor antagoni st
ool SREREG RsvgRs Shiemyrienyth e SEBHRSH A ERReYIg by
nat@le. @ ratio of 1:2, in a culture nediumdevoid of

cytoki nes. These cultures simlarly reveal ed

ChaFIEt BB $4 aCpHReRi @6¥{Bh oY Bhed %ékéro'fd_?ﬁﬁgéggtﬂgg%&gy;e |

phot om crograph of three weeks ol d prirmar t
contuall tcultesesi is@h&ﬂdﬂomrmchMiﬁﬁlar@Psﬂlagl@ﬂémﬁ@ REEOEGIFt hdBEGF
(20 nglm) and HG (20 ng/m). pat ocytes were
and p@é}?g donattmnRarRxpntsaiponi Negliginld backpdowtd 48ining ioevident
h 10-7 probed for expression of al bum n and
CleduM%rstained with hematoxylin. There is no

SPRRFL AR 5o ARG B BEAE L SbRS o Bchn
RATLABILEL SOOI SR oSS, o b
witBYB@F and HGF and probed for o-fetoprotein expression. Significant strong
AFP staining is evident (red-brown precipitate), indicating expansion of
progenitor cells.

FIG. 10D is a photomicrograph of three weeks old primary hepatocyte
control cultures isolated from mice, similarly supplemented with EGF and HGF
and probed for a-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 isolated 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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control cultures isolated frommce, simlarly

suppl emented with EGF and HGF and probed for al bumn
wezpresdion. Negli gi bl e background stai ni ng i SPEWIIReNn000215

15 here as well. FIG 10C is a photom crograph of

three weeks ol d primry hepatocyte RAR antagoni st

treat ed cultures isolated dfgrommce, simlarly

<Sm§ﬂf SOFBEE i or essi on. i gni 11 cant strong AFP

r (=Yg oY :
hg B %e%ﬂafﬁ’%&%?ﬁ Bk pRSidtc RAY antagopist AGN
19433 0 1ptiot 007 (vperearRd Hb‘a?td@y@cMﬁﬁKS‘? isolate®@TidmmYice cultured
hepat ocyte <control cultures isolated frommnice,

as Bi A had Ipyotsadpfireatbutréd ewptdssieaH 'Emwmepamdytprmb@dhology
for a-fetoprotein expression. Negligible staining is
(smallj areaw) lsm@de@émﬂgs aramsras Wellf erentiated cel lul ar

D o0 6y i eheliistoermior FE PasaspRad b ariEsgis gireced
herloge SH0RER AR ARL AR 831 T ciroaf bR 85

celfsoiré @Wd@ﬂt éa \A%‘éea!ﬁ%\i/ﬁnctﬂé e B %nﬁ%atu‘éhe—dﬂf}% 5an

di tional ek pri‘or to probi tor albumn

eXpIFI@.sll 100 is @g%@hﬁﬂmo g ﬁsags}owwnfaghlﬁtgmhmlgare\/ﬂc
2004/ 078917 PCT/|1L2004/ 000215 28 (snall arrow) are

revesline numefiG. istetBof sval @iistionthe ToyRapitaginit tredted cultures,
assage RAR antagoni st AGN 194310 (10-5 - 10-7 M
CO@F%@%ﬁé@%éé@ﬁd’éﬁ%@%@ﬁd@@OM ated from nice

o e P
culﬁﬁb? SMiatk ﬁ&hsnﬁéeagﬁ fip%ﬁhientéa %& C}%a hid q{(f}F split 1:2

om crograph o assage goni's

follovAak @dweél@oﬁit QaMke, Githirtd 8o arf H(Jld&ibﬁﬂ @8&( ?ﬁ@p%j 1@Ssplit,

in B. Nunmerous characteristic oval e evi dent

and fell@emngra indl additiealf4 éhyl culm@npfdtﬁﬂg tf@ﬂalbuﬁrﬁﬁle@pﬁssmn
FIG 11D is a photom crograph is a |ower magnification

as giovei digvehgmat@ytesigreraaidaaiti ng nunerous islets of oval

e R N P
pa%%%gpézﬁ)tgcﬁg %Rur e%{ead)wuBfR&ﬁ Qag(?n%sstsggﬁﬁ 15@ i &)f)t 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 antagonist AGN 194310 (107 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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cultures isolated frommce and suppl enented with EGF

and HG-, split 1:2 following 2 weeks in culture,
weeiosarssdr f or an additional week prior to 1:4 BEI/I20041090215

and followng a final additional 4 day culture,

probi ng for al bum n expression, as above. Few

hepat ocytes are evident. F!G 11F is a photom crograph
roffle if ik ined0 ;
Pt oy e R B A R e DR g with
a 14348i fifer(tl@ed stite, tag ddngartl. with Ghé fRARNtYs Hi§Eftment is

nunbers of hepatocytes are evident in the 20 cultures
deraengttaipdred to controls. Magnification - 20x10.5. FIG

12A ié a}l\ﬁl,ot presenting the FACS analysis of cultures
t r et @l 3vh i 2 Rayiesapth pECSERIE (hodatagibraingdiRydrd E§oariadysis

or ST 98 1t stk B0 s RPARRL S0, DA i
CRERAEY S, 5 BSGEE OLA o1 Eonb B R e

expTeson eVls didnank @SS auf § efeatd ?gﬁd %e;eglﬁﬁi éar%i}a%ident. A

conpared with the untreated cont

madmdagmnesst mr eqiressidn s éBRstreabedyith d Comb2Bition 8f the
pl ot presenting a FACS anal ysis of cultures treated
RAR and cBXB patagomistsy ag compased wiihenhmeatnd (tytaihes only)

AU e SRS
[ . LA . [ }
T 2684 To DRt £ P RESHERY Hsodita ooRn oY | ACSraahsis
of QIS %te%@%tﬂ%aﬁé& %ﬂga%%?ﬂ't AEN l elg)qg)?gﬂéf’(}(gs antagonist

consi st ent ess erentla
LGoona7ed wad i chobBARcantRGess. St ChipatdMdiCH347/38 surface
denonstrated. FIG 13A is a bar graph presenting the
exprassaoro e wdlnatttamiFACS andl §siveeksSpodt sadding ase tovedied A
i th a RAR antagoni st AGN 194310, a RXR ant agoni st
markg¢ GIFASY It B¥PTESBO bl ABltiisA trehtadewith tity npababitenGIfRAR

an GRS IE S iaaP oS CaUwaEH ™I thhaPREdeH ROPERb Eythkines only),
s I th . . ¢
(e RRRIA el the KOS ahi-EBbEC r¥hbs Rl BB
untFEat BC (¢ th@lél%g@zln%séllitjﬂ%)ﬂféo@itﬁ Abtaib O HLEARCS analysis

ant agoni st and goni st treatnents iIs

of deltwms treateeldwith FinR AR3Bniagoaisb &G Bp#3 10! a8 K RNEnth Pénist
dat a obt ai ned by FACS anal ysi s

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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of cultures treated with an RAR antagoni st AGN 194310,
an RXR antagoni st LGN 100754 and a conbi nation
wao b@net17 Conpar abl e CD34+/ 38- surface expr esBCDIL2004/000215
| evel s determined 3 and 5 weeks post seeding are
evident. A 15 marked increase in expression in
cultures treated with the 3onbi nati on of RAR and RXR
untfoateld esntesls (cy@é?lqﬁ@sf%ﬂlﬁd thd RAR Néhtaidigdhsd ROPR! ixﬁégomst
(cytoki nes only), RAR ant agoni st and the
treadmmeat;aadsmonsteabdants is denonstrated. FIG 13C is a
bar raph presenting the data obtained by FACS
andfl E #f a bar granbspreseniingdthgi adtonryn foaRng ninaigoFg) data
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onpar e cont

trea(tecytvﬁm ﬂ%SRAIU'aMH RERecoMBinafibAgN tempand w8 BERintreated
ant a?onl st treatments is denonstr at ed 25 FIG 13D is

confrobafcygoldphs pomlygnithegRARe amiagdnistelanddeixsi RXFof antagonist
cultures treated with an RAR antagoni st AGN 194310,
UG%WER%RS%H@@@?T@@@ LGN 100754 and a combi nati on

we ke dase S AR el v e doReu gl Pl enaatcd
in ZERbsefre ' The B RAGHL B3y Sﬁéﬁ%‘é@%@%"tﬁﬁ%ﬁ% R,

IL- M%JBO&%&%E%A&L89%&991@%@0m§9n1‘d@ga{t‘;§'§31@1 GRAY gim

(cytoki nes only), the RAR antagoni st an

comgphiagitorisst A ket ieaieasd § GB3UAsddlBtRAsitf iBtheldkofiSardide
bar graph presenting the colony-formng unit (CFU

tre&il%d gultges dﬁjdftmﬁmratt@(?bat ed WI th an RAR ant agoni st AGN

#ﬂ{i} R ant agoni st, LGN 100754 and a
a1t5| lér? Het'aBh Pr@@ﬂﬁ% ﬂfkﬁ datembtyiagd by Fd%% ranalyw of

T PR T
withoSEEE ot NRE {20101 - @ f ﬁf@%ﬁﬂqﬁ%&&fﬂ@ I thoﬁ?hﬁ%gn%nde at

control (cytokines on antagoni's

1 niRMRadtagVIi @dneehfr@@@ﬂmnmmasl\é*@mgag@ahﬁdzlpw/ﬁlﬁg i
is a bar graph presenting the density of CD34+ I's

dengiiy i theet midotinamBleviesike] culhres . definmst@tdd. cul t ur e vvas

SUpPpI| P 1ts eadba\llyI érgp}?gfeseggr% thlfeLgla?ta obtained by FACS analysis of
CD34+/Lin- 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+/Lin- cell density
in the nicotinamide treated cultures is demonstrated.

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
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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"IL-6 and IL-3 cytokines, with or wi thout nicotinam de
at 1 mMMand 5 MM concentrations. A marked increase in
w@D440789¢t | s density in the nicotinam de treaP@MIL2004/000215
cultures is denmonstrated. 15 FIG 15 is a bar graph
presenting the data obtained by FACS anal ysis of
CD34+/ CD38- cells in 3 weeks culture. The cell culture

| : sl de
o e SR Blo e Putle o FAYS Rliels O b s
cell§YorRoNCLRIERS icARtSre AeARUKGSN BRORMSS, WithCEB MRS mM
cell density in the nicotinam'de treated cultures is

nicatgrmmige s ailedCD3a-+RI03816ells are Haywigimiie pymsdofiipet dhthe
dat a obtai ned by FACS analysis of CD34+/Lin- cells in
plot3 demlossiatingir . mbnked elricreaset wie G350 &nertledin the
.with SCF, TPO, FLt3, IL-6 and IL-3 cytokines, with or
nicqiinaeide tisatcstGHBKE-de at 1 inMand 5 nM

conarty85iin A ol CREr e | Prn b B P e g D34+
oo b ek Sy EcleAted 54, CRpARRlifl B RHdIg I M

nicS@ldngideN3 JebRE bdstGrebdleEGon. TTRe CHI4-9DIH-Wells WAS shown in the
suppl enented with SCF, TPO FLt3, IL-6 and IL-3

uppey tleft i paes of he Iplot;, dentdrsttatingi « otdrkedrinacade bf rdiD e L on-
nmM concentrations. A marked increase in
celleppthe pirpiinarak)treated Fullegsi ty in the nicoti nami de

PCPAFE 38647 8015 RO HESPIEE A2 ogulgab gfrselected D34+

cellf"ESAN N EAGHADHARS vy EFORAECHI At Liv

S cu reat ed cyt okKi nes,” W

nicoMdeMe, 3 xﬁ'@éksnbé?é%tﬂeﬁé‘l%ﬁ@n. e @M‘%g@ﬁ'—l)k@’@)s c@l€are

shown in the upper left part of the

shodann dter appergleft pat kddthensivog akenafst@hig + Clsked dmdrbsse of
inthe 5 nicotinalnide treated culture. FIG 18b is a
CD¥6t/ (e ApPBS8ht celds w thaascetinanyide éreafedralget.ect ed
(:l)q+ ll.s froma,3 weeks lture treated Wt .
cyt éﬁnig shaws the  shorhisam §%%9M ofy, .Tg?ﬁ ndt ﬁyaegloglogemc
p r I L O~ HDE. . I N- I .
PR PO GO SO R0l FE LS S SLLE A1 3P
cultipe, kad3iaqndasql/pfl, GO /dekdincd & R |dosk yiM&nes: FLT3 -
ni coti nam de treated cul ture.
5ng/ml, 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.
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
FL - 5 ng/ml, SCF - 10 ng/ml, IL-6 - 10 ng/ml, with or without of TEPA (20 n
M). On day 7, the wells were demi-depopulated by removal of one half the
culture volume and replacing it with fresh medium and IL-3 (20 ng/ml). On
day 14, the percentage of CD34 cells (right) and the total cell number (left)

multiplied by the dilution factor were determined.

FIGs. 21a-b show the long-term effect of TEPA on cell number and
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FIG 18c is a dot plot presenting a FACS anal ysis of
re-selected CD34+ cells froma 3 weeks culture

W e@anesdiwi t h cyt oki nes, with or without 5 mM PCT/IL2004/000215
ni coti nam de, 3 weeks post resel ection. The
CD34+/ (HLA-DR38) - cells are shown in the upper |eft
part of the plot, denonstr#ting a marked increase of

clonsgeids ppotentiail of 338)cellscellosd i blobhelenivedtCDaRi edls were
treated culture. FIG 194shows the short-termeffect
plaged TERUaH el ainB oy el c celimdntn dhe qireGiB4 efhigh dose

cﬂ&@i&%&%ﬁqgiod%/;ﬁig@%?ﬁq i 1',;1? (5 b%égﬂa‘e%m&z ﬂig%gl, G-
[ L ELT3 - . - [L-6 -

csi it BPER” 40 o @%wﬁf@% ERA Lo e Qs the
cufl e, 80 11 BaRyPhnf! et L] SRR S

cytSies aRl TEMRJAIGIMANY, BFaRd DY, TRl AueS W@Jetﬁnil&eﬁggﬁated
Results of two indépendent experinents are presented.

by Frova M fstranisalf tiee siiaurt vodime ehtlaeplaeingTiERALD frebp hdddium,
and CD34 cells. Cord bl ood-derived CD34 cells were
cytpkigee andnlER 4uingl inditated.e Gallst dfethprivwessted ofedid wire-comnt
.m, SCF.- 10 ng/m, hLL-6 - 10 ng/m, with or L.
an(ﬂ%‘lﬂ%fﬁ SHuTvap togé X rJ/P.5 ioigfing ?,el%t mergelonedaiy semi-solid
] - t al .of..one half th culture
el TR AR T Qe PR 1% HLR HBleindes Splon e
i ! d&n;- 1 ; 4 %
s o e B R P e P ™ P Rvsengd-

dertoyed digaldlicbloni@addacdllogluyerse deternmined. 30 FIGs. 2l a-b
show the | ong-termeffect of TEPA on cell nunber and

WO BUos/22zd9 showdin |rzotsmoaiedtsf BRP Al anCftsa cells cultured

.potential of CD34 cells. Caord_ bl ood-derived CD34 cel]s.
w1 ?aépy sytekanes: n Gordhlaod-deriyed Clas4 Fells roarecplated m liquid

in.th resence Qfhi do okines: .FL .-. 50 ..
clfl YR SHEESEREE of 0 95, SO i b ppoiein
m - : u |
(g8 i I 0 AT oy AR e, e
cul@irbditvege Jerh@ débbpulBicd HY rdfi @Rl JTRENUTR SHRRIGIBOLERime and
with cytokines and TEPA. On day 7, 14 and 21, the
repaghngitezithwiresh deedivdie ppiplilimtsenhd TYP Aeapwadicaitd oarllbalffihe

the cultuyre volune and replacing it with fresh medi um
harg@qt%qt fedumiyereronnt aad pHanelatcgdivadentite 1ot 19% gnitiating cells

welERSh 54 SR AL, SOt 1oL oLy eaualEm,
culture and of colonies (22a) in the semi-solid culture, multiplied by the
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 normal
donor, were cultured in the erythroid two-phase liquid culture system (23-25).
The second phase of the culture was supplemented either without or with 10 pt
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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10 medium The nunbers of cells (21a) in the liquid
culture and of colonies (21b) in the sem-solid
weeonarse17 mul tiplied by the dilution factors, BCBEIL2004/000215
represented. denotes small col onies and cell
clusters. FIGs. 22a-b show the |long-termeffect of
TEPA on CD34 cells cultured with early cyt oki nes.

of &dlidibllondidteal i(Vedefiddadtirts iNahe Wsahad (24h |ah€ LQAQ:) and
is culture in the presence of. FL - 50 ng/m,

preseyical (24hdartch 26 dp axf T EP Anis( SHROyn.- @ﬁo&lglhnplzepmddhslq)des were
wi t hout TEPA (10 M. At weekly intervals, the

staiged witheMayeCeumienid- Giepasaul Maenlfwtm@mﬁm&ncbﬁb an@Otiicf and
ﬁﬂg gulture volume and replacing it with fresh

6d Berm cytokines and TEPA, as indicated. Cells of the

S S SRR el Eo M R fuet B Pt o EBbplyha
cloﬁ%nﬁérngf 3’2’2 Ig%‘é‘rlﬁltf’i’ce& ‘(%ggcﬁ 6(522@) d 'Bl(;cﬁ?déﬁféﬂ D34 cells

f col oni es e sem -so
we@Wlhtedan Ligwhd coltied iRYhd seﬁbel (MTFIQB H0agd/1 SSCRI-€20 ng/ml,
represented. * denotes that no col oni es developed
IL-FI-G0 28 ndhins + Be ngfihEemdadithBERARA -diév pMyprapidprdf(CAP) -
erythroid precursors. Peripheral blood nononucl ear
10 gl |as, Pasticifliamanie {PBMN)an1@duvis aﬂondmhtedZSOdaﬂayr 7, edltsewere
culfured in the erythroid two-pha quid cul ture

cougiec af pylbire Riquetieeguvalar tﬁhlaéé0§flnttwenemel Iy mergipdated in

senBi iR BECNEE o TRy Blepgh g 8@“88?|n§1%¢?a'&%3/m%’°nljay 7
B+

and R D SO b AJgle DTS B, Holhel ¥ rkon on'

Ce|FIG’mQ6&£H siaws W eiifedt aaryC Y¥p e QIAHR 13 8A . g7en1c potentlal and
PCT/ 1 L2004/ 000215 of cells in long-term (7 weeks)

totat getluuesbar fidies albsbnc€of® bh)oaindierﬂmi) Chnd cefls ssgapdated in

(24b_and 24d) of TEPA is shown,_ Cytospin gb%pared
hqtgﬂuceétgr%né ¢ preseReriohpyiekmey: Bunlngnd; 8k 10 ng/ml, IL-

3 - Wb G %WEﬁﬂ@%é??‘il&@?efxw%%%m%f%w‘*ﬁ%mfh Chargalte

L4l e i t
5 BERd IO A oSHRIOOET bkl ke widte | Bphied(260)
andl Hhiph(ﬁk”éé]u%léﬂtr@ﬁl' :Ja 1td?enﬁﬁ@g ‘é@ll@fwé:e pla?e@ ngééﬂu solid
/m, -3 - 20 ng/ -6 /'m, and
medammheCoIEEEb,% weﬂa()sclvlrectamrom ddlys(((lé&’) 10 M or
Penicillamne (PEN) - 10 M as indicated. On day 7,
cel ¥1& v ghoves el adrieng antthe elagicggoist Isoterqml\ﬁaf | eamtured

CDt?,z? cle:llX 1(90rd Q oolda(ien\%dcébl c\:Mﬁs wgreartyl%ged in liquid cultures in

the presence of FL - 10 ng/ml, SCF - 10 ng/ml, IL-3 - 10 ng/ml, IL-6 -
10 ng/ml, and either with or without TEPA - 10 pM. The cultures were
supplemented with Copper-sulfate - 5 mM, sodium selenite - 5 mM or iron-
saturated transferrin 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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sem -solid nmedium The bars present the total cell
nunber (x103/m ) on day 7 and the nunber of colonies
w@es4prsate 14 days follow ng cloning. FlGs. 26BCDI200M®0215
the effect of Copper on the clonogenic potential and
total cell nunmber of CD34. cells. Cord bl ood-derived
CD34 cells were plated in 3415 liquid cultures |n the

BRI Tl 5 B 8",
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equdlend itgupt s ﬁﬁ%ﬁﬁﬁhﬁﬂ% ée@lslvs?érél%aﬂeﬂ' i abiiGok8! hiddium.
were plated in sem-solid nedium Colonies were

Cokmnigsedlefscoredlftatdyisday@6a) . 20 FIG 27 shows the
effect of ions on the clonogenic potential of cultured
D3l (ae| 2%-c Ghow bhe siifederofvEGPADRA elgtHermeC® 3 aukmlres
es_ i t he ce of FL - 10 ng/

Culggyes. Wty Héﬁ%t?e mthsi”O‘* corh Do drves ClTnd eglisi 5y bating
TEPR 10 M T |

PR L A0 e S, TR LSS o B

(502%%} éa%h) 'TM;%f 52(5 %g/nglg &gﬁ“&@‘uﬁﬂmﬂ‘t ﬁgf[id“u&) At

as |n i cate cul'ture a iquot's

weekly ivigdroslts, HQ: éulﬁré@%ér@'de‘nﬁtdé% GRkéP b%‘éﬁlo@'aﬁto?qla'lf‘the

seni-solid medium Col onies were scored after

celbaijﬂlovF&dExbyZSdchtlmmeoﬁ feslefrheditmofcyZoldaep ant hEEPA. At the
prol [ feratlve potential of CD34 cells. Cord
v eallcoBre cedundedveand pdsayed fon dolanyi dorming cells
i.n the WD 2004/ 078917 PCT/ | L2004/ 000215 34
(C'%‘ﬁ & TgRe i semigold mgdiumcrCFUgofregemey was epleulatpd as

- / eith
Bt G ool et ot G puicd GRa eelifon day 1
[ 3 1 [ [ cell
SRR SATDS R e R MR, D0 Ch SRS UL ol
de\m{msed 5 FIGs. 29a-c show the effect of TEPA on
n -term CD34 cultures. Cultures were initiated wth
Kox. 0B D sHowethevadtecCEAT ERAI an boyll piratifengtiom U FUcexhd

;Qe s in liquid mediumin the presence of SCF, FLT3
CFLicatrequegcy (@Othﬁg?rﬁ’@en@ﬁd}ﬁ diffraent caanpipgtiem/ofi garli eytolsines.

Cof ifikactiied, &ﬁ’ém“@%pwsﬁﬂ %ﬁ@ﬁ%@)gﬁg:@%&‘ﬁf mo_i’%ﬁ% g in
llq%g%i(ﬁhféim gﬁé lp%g\cé)%” S‘?ﬁéﬁﬁ@ A rE %@Cﬁ?ﬁtﬁ”ﬁl—@, each at
50 ng/ml, with or without TEPA (10 uM). In addition, cultures were
supplemented with either IL- 3 (20 ng/ml), 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.

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

cells were cultured as detailed in Figures 11a-c. After one week, half of the
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i ndi cated weeks, cells were counted and assayed for
colony formng cells (CFUc) by cloning in sem-solid
wore@imo1CFUc frequency was cal cul ated as  nunber/11aH04/000215
CFUc per nunber of cells. doning of purified CD34
cells on day 1 vyielded 2.5x103 CFUc per 104
|n|t|at|ng ceIIs * denoteg that no colonies 15

coSha 1A Bl s S DRI Bl B L a RO o
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derflied thtéd ahill QUPpSRmbhted With Freshl MHRTELt
© pr e?ggge of aSCF f)IQ-I%TS and IlL 63&18%gﬂ FLT, ?Lu%h%§aﬁ€gc PA.

At aveck8 30 4nghdl 5, wellh werewcoingud, EES%&eﬂlﬂ)rp(\ZIFUd And CFUc
addition, cultures were suppl enented with either IL-
freCBle(ﬂ%Ch]@hlﬂt?d TPO (50 ng/m ) or both, as indicated.

ok e oot b eschBont enginl if&mg&;maleﬁi saadivegt FEPA
Cha%é Bt gengg’( E et 'ngyggifopr RSt Eord B1b8e-
derfiblf Clfg ES MRrb Tk U RENSPLE AL ED (1BLGY L Hebiay
intdriglsefiliee @hltﬁfes&w@fec dRifl-deiybihtedn aﬁi’f tpi;le?ﬁ’éiﬁa& Y@ fresh

control and TEPA- suppl erent ed CD34 cul tures

medﬂuund:—yotﬂnn&sede‘DEPA c e\t wesldy énterials hadf asthd emﬁuffe@bntént
gures 11 a-c. After one week, half of the WO

(Ceh%)@ml @vs@mtam@mau@mmb@msepla@edcbmfrash mediumERtokines
ultures th the | ate-acting
i TP g&wﬁ n%ﬂﬁé%p%@l Yok, B8 rhole APnigabRf the

ol B A8 T8 T <
dls&irdw eKS thd reﬂnzﬁﬂﬁéell@ %étﬁn%‘gcg at egﬁﬁﬁr%sﬁﬁélgﬂgg%th or

CFUc and CFUc 5 frequency

withbWIERS. @bhegdéteathapge) | At tiey nﬁlmmécﬁ%el&? thembdiEbFeells
change on long-termcell proliferation and CFUC

(FIWTGMQHdEF%(HMQWW%rdmmM4 cells were

O S B RS
der BN R PR LS arbFl s Serfien o Cidis € 2Bont Bhtvects T, 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
29a-c. TEPA (10 uM) was added at the initiation of the cultures (day 1) or 6
days later. At weekly intervals, 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
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(cells and supernatant) was renoved and repl aced by
fresh nmedium cytokines wth or without TEPA (parti al
webangep17 Al ternati vely, the whol e content of PE¢EIL2004/000215
cul ture was harvested, centrifuged, the supernatant
and half of the cells discarded and the renaining
cells recultured in fresh zgedi um cytokines with or 15

o A SETRAS RN, P A 88
IL-B3029 Sb). O Afehmalilély, SRUSARILELRS gIEmonRd O P with
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1, 3 flow
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eachy taadei -y . (20 nganbt werd bddedto thiBe caltardsest devel ofpedeckly
. FIG 37 shows the effect of delayed addition of TEPA
interwaloFthe cuitstasenese deonidlepbpolataiennd cuppipaersed vitbeiesh
ultured as detailed in Figures 29a-c. TEPA (10 M
moED.ofieings abthd B+ i/ thsnratedcvedis enllicwettagsstyed for
CFgI days later. At weekly intervals, the cultures were
&hi - depopul at ed and 25 suppl enented with fresh

; ok
i, S 5 S g s e
culfureéfueey Bi&sd-aaliced areg celld Were3Sulaliowss dgaifdd RCFigates

short-term preincubation with a single cytokine on

294-ongrhegpaty Ghlie qhretatingt agemts ©omedthylamegentaniine (TEPBS, penta-
cells were cultured as detailed in Figures 11 a-c.

cthylenehewaniner @HLpp| sthylenediasning a(ERAWNDR (iethylegg47tramine
T R M
el B LR TH R,
cyt(élé%}%k an8 ¥hokide- Aﬁg};egkk -8 &3afd Wg{:éﬂs w&%cr{b\lggé;ﬁajl.d-a'&?ayed

ng/m) were a to’these clultures a

forv€EKLy Bhd rdsalty PresentdibareUior WolSemEdtind eith dppieni|atiedy:
and supplenented with fresh nedium cytokines and

TEPBPAG0 pMtFIEH AN @ pMeEDAek) pM hisd BB a26aydd f or
CFUc, FIGs. 39a-b show the effect of polyam ne
chelKes- nt0aperhosv dhe bt cafi frangtipe unetgl obelaging agents on

cof OB B e SR G Bl e Sl s
in FEhLBEDRY! EeNepentANLAGs (Pl PERP} Penicilamine (PEN) and
TEPA were added, at different concentrations. At weekly intervals, the cultures
were demi-depopulated and supplemented with fresh medium, cytokines and
chelétors. 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. Zinc (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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et hyl enehexam ne (PEHA), ethyl enedi am ne (EDA) or

triethylene-tetramne (TETA) were added, at different
w@orveeTRoLat i ons. At weekly intervals, the cul pCF/BER004/000215
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medi um  cytoki nes and chelators. At weeks 3, 4, 6 and
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HichE|GHRS G0 i hepy7 o ﬂ@rﬁ% aing Loy Ea%d@yfém S
CSEp Gl B a8 Hor OB TSP RIS (Y cefferada At
We%%?“intﬁélk el EMBGSs wRBE IR &E) phﬂ?%i’ qaed s ﬁ;g]g%ﬁed with

| s were cultured as detaill ur es

fre&(ﬁlhiednﬁﬁ BRORInRH PRLaRE Heptldyd. t A fRf We@ytceﬁﬁ%re%umed
ekl i nterval s, the cultures were dem -depopul at ed
(Flan@ %%qd

phrehestaydd vt leofangys fornBngredils rim eovdtufERSFUR, Figure
eks 1 and 4, and, cells were assayed for CFUc.
“blenotes that no col oni es devel oped. FIGs. 43a-b show

L) PG4, SR B R0 b
in o2 AR APt ﬁ’r?@.‘é* f%%’nk bl Fi et b gl nipe
the la@tdlﬁﬁl BYany chaaidl t@ﬁﬁeﬁhﬁ 1E&Eﬁéedeilbd1?fékaﬁlaﬁ%ﬁt i des,

Gy-dy-Hs (G&H) or

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.

FI1Gs. 47A and 47B show the effect of inhibition of PI 3-kinase on
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H s-Lys (GHL) (10 M each), or the late-acting

cyt oki nes granul ocyte-CSF (G CSF) and granul ocyte
wore@romage- CSF (GWH CSF) (10 ng/ m each). At  meEKI2904/000215

intervals, the cultures were dem -depopul ated and

suppl enented with fresh nmedium cytokines and the

peptides. After 7 weeks, cedls were counted 15 (Figure

g, B892 LOERLERy SES, SERbR Y LHiem 5

wetkd UGHIHITEs Ofn tthaNabidiRe (ESolCNShARES U i g]'q& Plesence

assay according to the present’ invention,

(LY29400204d4) evfnibieeP] BHengeet ibibiedr @GNy Bhel s @B}ﬂos in-
arrest or 1 nduce cell differentiation. 20 FIGs. 4 fp

prepaad gideasogerpsiained deawhyﬁwwadd/ﬁmmsat Rdotevibe erounded
ex- Vi vo expanded W th L}E;f) or w_thout é.éée f) TEPA
apl?e@rarfqe\ﬁéld/déék§ grﬁ@le&émmal stemesllsia the £a6294902 treated

culffes otk T 4PhbncomEIEE SHHE W B pieealin AFpaice of
larp a?‘??% 3 rciRhs 2Ol FERC AR el 5§37 Scale

barécpﬁ Itur es, using a M ni MACS CD34 progenitor
|solat|on ki t (Mltenyi). The purified cells were
stained for markers CD34/CD38 and CD34/Lin (CD38,
CD33, CD 14, CD 15, CD3, CD61, CD 19), wusing PE and
FITC | abel ed anti bodi es, as described. The percentages

Al B 47B show t he

o f?ﬁ%@@%&?ﬂ%@f@"%%ﬁ%@8ﬂ% BRGNS e
cel[@'iﬂﬂl%' A% IsBmeWrhs! §rbs gﬁfhrﬁ?&tﬁ’%(ﬁ ekéltiaﬁggé))fvfﬁggélls

cultures in the absence

exphesender (-Y204002 é4é)embodifiRnt)] tht khv@Rn Tdilikar the
5ML) is shown. Cytospin- prepar ‘ed slides were

effgtentriesse asi a thavayeuGouenalvd/ @l mnedh celNpreparion, oulmdhdn&udes

ea e and | ack of granules typical of stemcells
an ieﬁg%frie fazs%@u]@?leat@denwhlg e (:dﬂSg in m)t difdersatiation

el R SRASEh S APRER 0EE, b S Spect,
the451%2;entsiﬁ%z?tlorp@5n 2URET B89l dQive 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,
implantation 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
stem 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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DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS The present
invention is of nethods of expanding a popul ati on of
wer@a7soet | s, while at the same tinme, substantPEl/in2004/000215
inhibiting differentiation of the cells ex-vivo
and/or in-vivo. In one enbodi ment, the invention
facilitates the 15 efficiemt use as a therapeutic

pOpﬁm%hgogrggﬁﬂ]hhgg%eﬁ %@phg& RIS ?(Bingn . 181 efilhtdgbad St 80,

I'on 0 e stem Ce

in LifdleChurelbékesenidiffel@tiatdreD I Hht edDBB] MelctDls CD4
expansi on was Br opagated. Specifically 1n this

etc.),empwell ,as CDa4pCBINcellnvant CDBA ay1Lie wzksd Thispiovel dad
ex-vi vo expanded popul ations of stemcells, which can
versatilestastinplogyappy beasrdder pxrvienandipoirerive exphnsion of stem
transpl antations, and_in generation of,  stem_cell
ceﬂg,u.q a P@ampl%@fﬁc Oth?ﬁn%ﬁa;% | BARTAIRE ﬂﬂ%ﬂﬁys Erencael
cel | ul ar ’%ene thera Addi t onal Epl i cations

potgtRlpl it B8, BT 0as ot io APPUGHRGT whiht rosdiies” R large
pophﬂﬁb?x%mérﬁ@éls treatnments for mul ti pl e di seases, such

or exarrp , (3-henogl obi nopathia, inplantation

of Whigre@hdifigithe redeht Mhveéntfdns tliptdticenitl whé emerpétiedly
trans 25 dlfferentlatlon settings, and ex vivo tissue

found ghatenolicogles thatiase diffabbe efirtatferome et PI 3-kinase expression
trans-di fferentiation setti nfg The present invention
andfqIr @REYity.cIrepress tibe eRipgasied sitféwnéamorp redfpatean i eplls and
d to artig¢l es-of -manuf.acture aring, same.. The
stnrm']

dtes 2o nrolome; B niise Pb2seve fgll pealilsrtip, J1gL expansion ex-
vivdie IR RO Bper ol Bhib o R 8 3:RRERLR, AYffound

thatePRloSafb ABodN 698 @@éldsvdfté‘%)ahﬁgﬁ elpg deﬂg BELMOtoSK ik Riate;

expansi on of stem cel 004/ 0789

henP&TiheLeT0id4 /0P AREESmoRBulRke Hb Irétdroihte. Irﬁ Stliet grds \Wh€@ding the
applied, for exanple, to hematopoietic stemcells, 1in

cells @reggvan asrheresn desaurigilfdoes eot resuddinabs 4¢1ls tnanﬁ@h&mg into a
14, CD15, CD4, etc.), as well as CD34+/ CD38- cells,
Ceﬂ HEP-CD34+di m Liri cells. This novel and ver satl I e

d f
xS SR et s Smfimety A BEBr vty Sevre of
Cellgrvl/& @EM”%hﬁEﬁéd‘h&ﬂafoB%iét S&hifs (Et%ﬂ?v\%@d ﬁaﬂ?@?‘% o rE:QﬂS)

any 1 n-vivo or ex-vivo app i cation

and|, afcge supeRlighy, i 0 @hes iR Gigtd 6F coMY iheluded ysd éhﬁlﬁeffpactlon
present invention to practice, it was unexpectedly

of honehd¢ratblowd edid @Eehdlé fitactor of syhatel dood celhe, evifielh invdudes
Ster\rllvI tp?ogpelmt%r kénrgiaigm?rﬁggg Scseill(s))n were used. As is described in the
Background section, presently there is no disclosed technology by which to
expand non-enriched stem cells.

Furthermore primary hepatocyte cultures incubated 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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15

lo and/or activity, repress the process of
differentiation of stemcells and stinul ates and

w@e@korsy1t he phase of active cell proliferati oOPCEHNG004/000215

expansi on ex- vivo. In simlar experinents wth

i nhi bitors of CD38 expression, it was found that

foll owi ng about 16-18 week® of expansion, the cells
(WibleQVinet ol. NITTEKeNDDPS 84(2)h8Ns6; Hike IEfdiedt BRIChERESRphys

nol ecules is reversible. In other words, treating the
Res 1Gomstiuns 1999vMan 5256(2):el §4-8s caridoBdtedoed, mat Yioghithto K.

Lﬂ tgggcells transforngﬁg into a cell line. This
Amyh, Eephalt 48965 14862083 pr Supplgmentsasioni weidh grosvtht fastors
sour ce .of enri ched hepat opoi etic

|1 ] 4
alorgory & (BTHEEEE s TR G dRPESEY ol e TEratian, oGt CD38
L. i Qi .of | | i | uded
inhiBHEP RN Yar FLRSoWEBuklies SUAEE 8 il brbrarlin OF Carty
i i - b . i i |
hepdtdBte pbpafitibd ald M Ui ReG e Sin (IR, | AGEI Rven

follokefity filzednd Bedduel pdSgadedr ound section, presently there
is no disclosed technol ogy by which to expand

nodhehné¢whedissoered effest of-thet inetevnles gmitabkeriv context of the
hepat oc¥,te cultures incubated with agents 25 )
PIeSCRh I SEIRY wasaised fpe saaxamizing vhe lead ean expanseers of ivarious

h ti f [ls. duci -f et ein,.
tyPeoRE SRt g foiiacis dsfailell, Beneamiter cand wxRepkitisay ins the
Exagg)%g @c'ﬁﬁlﬂﬁh ﬁah ni st-treated hepatocyte cul tures

grown wt out cygok

ines persisted for at |east 3

wegke pinGigldsUigd opefdtipl B th@lp?és%'hlf_iﬁ(?éﬁtfd?i%rﬁy?ge better

previous data indicating an al'npst inpossi _
understwidngithrrefieycaepticotiyivisesf @id Secoxdapieddarribadss ahd

time in culture, especially in the absence of
exappleski nes WO 2004/ 078917 PCT/ | L2004/ 000215 40 (W ck

M et. al. ALTER 1997; 14 :..51-56; Hino H et al. .

Bi 5@%%‘]%%%%% atpgast g : %d@@@ Nethe giveggpnya detail, it is

=91; e . and shizato. K. Am.) Pathol. .

to bg B o o B0 ol L hol BT IS ol o B M cetails
of ¢cRti@tBon hRN&hYST] j C t | i

hepat ocglrtle proli fer%@%{nko%fgﬁ%ﬁg) dﬁhsﬁtgl%i ofPrth . the

follaweagt desotiptibn hepitoeyte ie whé Bxampl@ssidie. i Thd Mention is
proliferation of early hepatocyte populations and in

capatheiod qibersembedicecritn oc ulftheimg peaditidedtoresseried foak i@wargus
fi rz@ and second passages. This newly discovered
Waygs f eat0oft 15hE0 s Epders®odythaahe phragesiessktandf terménology

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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present invention was used for maxim zing the ex-vivo
expansi on of various 1io0 types of cells as is further

wa@ledoaorssdr her ei nunder and exenplified in the BEXEIR@H00215
section that follows. The principles and operation of
the present invention may be better understood with
reference to the draw ngs 4nd acconpanyi ng

de%éé&&lg?%h%%eeﬁ%g?hﬁ -théﬁglgﬁpf&c ismgg@t{é%gg of the

| east oné” enbodi nent e in lon In :

hurh@n eemuiigied Telidéhd Hal-60 kells RYL Mel iatudast Ppretindlt el hid is
its application to the details of construction and

accohpaaradabyearenassofe eRpressiopooe 33 & et Conedrhitant tih CD38
follow ng description or illustrated in the Exanples
expsessiommasthe acavaplation: 5 cADHFRbaned bethotimer courses preceded

o T o S5 3.5 8 LS, e
oSS PR S ST JEED. e
inh@tsited bathith8 CDSRBziRaic %ﬁgg%n i TeRABAGON I MG dptcific

of cytosolic and nenbrane- enzymes ose
bloskitysd 0EtEDBS xpeedsidiarvateacteved ®ydiigibe | Botphd&inb NiPisense
.25 Two of the netabolites produced by CD38, cADPR and
oligoxapiotiday e taygeting hissn mtRINAndwdécht herodetehsa obrresponding
. intracellular calciumin cells isolated from tissues

mhé?hltlaﬂ t ditfareriggtionn ps el Ws@f@ﬁ@&eﬁﬁﬂ@%h&tﬁol
Ch%?@?@@%é?é@?@é?@>é153¥3%§98 Biol . Chem . 580:785793)
boeq i SAHRS Vel ShoeR O BB, A RIPCLIRK, iy on

progenasr eAMiftdregtiftdd. Kho thhn 6Raa8E I IAMAEL phdPUasH cells
by retinoic acid and is acconpani ed by a nassive

withx@k BEBI medatedCD3Gniflcntdnticant imtslonZEd® arekpsleasiovndput,
. Was the_accunulation. of cADPR, and both tinme courses
implyEge d clirest charetptiont bettvagnf EPBEnsigaalingn and wygeiyvi sigmacell

XD G 10908 FASHERdnt HOAMT a0 or I TooEs recent study
B8, DU el RO Pk 5 35, S B BB g of
heﬂgir)] %ﬁsgéﬁ QLR OhasrAdi MY RFOBYSE NGl RER! 1288ressed
(Podesta (2002) FASEB J. Dec 3 epub ahead of print). In this study a dual
effect of cADPR on human 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 PI 3-kinase inhibitor LY294002

prevented monocyte differentiation and, in a dose dependent manner, induced
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ol i gonucl eotides targeting its nmRNA, which produced a
corresponding 1o inhibition of differentiation as well
W@ konsre91CB, Graeff R Lee HC, J Biol Chein 2PORIIDeE/000215
20; 277(51) : 49453-8). Ot her studi es have shown an
opposite effect of CD38 signaling on progenitor cell
differentiation. Short ter42treatnment of human
apoptosie nint OPMVRelddsicedM HL-GADERIsTedi At edt a6 gﬂﬁrﬁﬁrﬁr‘%@gnnacol
I ncrease in colony size and col ony output, 151 yi ng
Imrguriitpxicel. 2003 MaytAdci 1K) weamila3g Bitlgméhipoetaaishowed that
) etﬁ_'\/i v% stemcell _ expansion fPodesta . (2000) FASEB J.
inhiitign @t ddP-kinage gcipgiein eabnblast AL aelp sesudigdiiyn inhibition
S rqu the, effect s, .of DPR on engraftment of
of g pdnitfd ofih piRieRtinR, (Brearanid fom's, b mHsnato
. rRsse e 0 Al . epub
20%%%&22? pri nt O&IF?]&{ f}llkgaé%%dé)[ aﬁdgé%r%g ﬁq&eﬁ?n@? B-cell
pro@ &bt s Ofe AR PTORR| Rké ‘inlﬁb?c@?s”bﬂﬂ[)ﬁﬁ&"%sre ersal of CD38-
enonstrated in vivo, essentially, en anceg
liggtionl-irfdeced igeow itdbitiont @ditaab@esti 4107 SmOREPRENEIPH: €59:084-
i nprovenment of short-termengraftnent; and expansion
N2)pfindigating rasithe solesof B 3kinasersgmdling am G38-assouinted stem
i nto_secondary recipients. Hence, these

f
Celf%&?@%ﬂtaﬁ gxvibrnd develoragytpRag ofefa@mﬁlwﬁ Indergl, Péasanik
[ 5 |ls., Thus, .t [ t
ot S OHS PR N e T Fhmico e PSteth o ekrenieyabave
disé1eSe R &fe ?@Q@%ﬁcﬁ‘s RF P4 %Qikirlilfclgé IY"(%/IL fnBlchid L8t e%gnté&}%of

cataIyS|s, r ex-vivo or - expansi on o

stest @1 pepilatiofe ceRidgyundidfekerfiat i
2 &M popilatiofs o eBirg unditickriorl %%’%g?eq?%%? : ,%ﬁ%@)ﬁgﬁal

indueéd enerphiokigical and, funotianalosedstependéffiérenBaear, , associated
,Lndu,ced WO 2004/ 078917 PCT/ | L2004/ 000215 42 apoptosis
with gnpRerepsiticed Y -letels ef insulipaglcagomland somatostatin, as well

| mmunophar macgl .| not oxi col . 2002 May; 24; 211- 26) .
as §Pm“i1%TE?Sﬁ 18 ﬁi&% SO GOBEH BRGit SCCTFINIh TESRIMSBF to
- Ki L W | . bl ast  AM. | . t
secfdtaghallel ity Vibgafnd, "PRG KR ah i, | By 204662
Doﬁvﬁtééiﬂitﬁ?%gﬁ’mocﬁﬂat%n P banRiQl %éo%gg%géﬁda nh%eé%éé[? rtion of

However, tanaka et al reported that
pluppotgeni precsrsor eaflied codtpreRind-kiiase hdhidlict0a%d the total
exhibited a reversal of CD3 8- ligation-induced growh
nuiphy; o termainallidi Haestiated cglls drigmmiimgl frormgBFsclHocBdr 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
invention.

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

associated with cell proliferation and differentiation.
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92), indicating that the role of Pl 3-kinase
signalling in CD38-associated stem cell and

w@e@gersotbr grow h and devel oprment is as yet uPCT/Ez2004/000215

I ndeed, Ptasznik 10 et al (US Patent No: 6,413,773,
i ncorporated herein by reference) have disclosed the
use of inhibitors of Pl 34ki nase for induction of

di kfrent DRt LARcPT wast | | AtArORS ot
undiPPEFCEE) SPRGP el SRR, O BPPY AUIARRAS] Wgpeer of

mydlMEEEI T PROtrafd diRks a8 diddale{iadndhcietof hefedimerization
differéntiation, associated wth an increase in nRNA

of the\RXR- AfDRNgtihbid rgleptoag ¢PY), anltersasmRIARSRIXRNor RXRMBIAR
15 as an increase in the insulin protein content and
hetredimazidationr esponssenidval sdor etigoglidss Bydusling k agianglaeyytic
...3-kinase activity with LY294002. Downregul ati ng
diffgrentind®.on of Pl 3-kinase al so increased the

Codksiss S ot His BthEn R S4ieR 0 35¢ e maptspgepe of
noniﬂ%l Sgrmndldon 19'1{1%1?5{@%5? ed cells originating from

ese precursor c _ In stark constrast to the
pr Me dEstuptivhidfeetiftiddcid rédepta@r(BIER} adtienthapfctefizes the
practice, the present inventors have surprisingly
humencamee edompelocinhildikenta (AP1PIand3iskissasietedowvithiat Hlook of
expression results in _ex-vivo expansi on of human stem
grapipegic giidereatiation, indieatingnghati RARsypreegritical regulators of
di Lferg)gé‘i ion.of the cells. Evidently, the prior art
norgal mpyeload difereatiplioihes away from the present 25
¢

o gieLblfe CViGaRR" Siud HickedSs B mbiial) fol¥ o
RARBLA ?%igﬁt%‘?g ApdIfidian Refean elﬁﬁ&al%lg&gﬁwsq-erﬂﬁﬁ AR svepSd.

are | ved I'n tthe regul ati on of gene expression
If RoeR ey iy iatigand abecknttationadpenidem] thkaralidtds tlenthechanism

di fferentiation. WD 2004/078917 PCT/ L2004/ 000215 43
by wilualwi RAB, astivih wegslad¢rownyaloidbdithergntidteoremti aeliomhat are

i nducer of .nyel gnonacyti.c _cells, transdugces.it.
eXPepethap $hyi tgnf%arp SPIEHOIIEIGRA! COBFSHRIFITIARE | B Fegfoigh dhat are
ol ekt Aol 358, 1%, 6A%kne RFR SR, Fo o
RPN bR PG epkimias SN
exhiit Nafrbmiatidi fdspoRY itat fedimoldy REHIN the RS 90 % of acute
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, hematopoietic stem cells was reported by Purton et al. (41).

Purton et al. (41) demonstrated that pharmacological levels (1 pmol) of
all-trans-retinoic-acid (ATRA) enhanced the generation of colony-forming cell
(CFC) and colony-forming unit-spleen (CFU-S) in liquid suspension 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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The di sruption of retinoic acid receptor (RAR)
activity characterizes the human acute pronyel ocytic
wo eaonion7 (APL) and is associated with a bl ockP@f/IL2064/000215
granul ocytic differentiation, indicating that RARs are
critical regulators of normal nyeloid
differentiation. Al though #4he above evidence clearly

(LTH(E#)r PlFtoANet HPC@tlfQ{en{dﬂs%a [ thafARPRIAN ﬁl?eﬂféleatt‘ll@gex-vwo

nyel opol esl s, crltlca questi ons remal

maiafeHAgve raed. p roﬂﬁctfé‘iﬁoﬁ%mpdﬁﬁv'esrebbﬁﬂﬁﬁn% STRCs and LTRCs
.concent ratl on dependent then what is the nechani sm 15

fromy Dikic-cty” ROGR-Actdells t qultergd | iat Hguity shspedsion for 14 days. In
differentiation of cells that are exposed to the

addifaem, A TR ppyeyenicdghe slifleveatiotion odthessspranitiver stemi agdls into
h bI d and

mo%%&iaﬂﬁ%%e—?ﬁfﬁf%ﬁwmeﬁﬁw AR o Bgerked gt Lin
R SRS AR S L R SePnh) 7 s

ek I

Hadzven oS A HEce SoRe AR REORD sk ARAPE: A RsfPYed an

appespineselyne-fobl intvase (4 e prlr€FY -8l septaiore fFetdn of al. (41)
retinoids and retinoid receptors on normal, non-

conchudednfrom Hevatsopbeethat theargonddtite RAR, nmmmfrlyerdtlbmc acid,
Purton et al., (41). Purton_et al. (41) denonstrated
enhapges pihsr iRabItensineal andy self-renewal ) obf sho- and long-term

feP8PuléﬁP§ﬂfﬁt§f§tr h?%ccgﬂg 5@58)3)8 nd B0 AR { Gritengit AON
193”1@'9%1)?(%2\?&” Sﬂe%éktﬁ‘huh ﬂ&:x’ht noePe ﬁél?rn @guﬁfgﬁém?é the

+ nur op0|e SOrs
diffeéritRifiont ofthe pddlitidal 'éfeli’@ leells. "V @8dh %@taF 4t1§‘%r d @t Sthese
of ATRA as well as an RAR ant agoni st 109, on

restlte igpheraat imapoxintt aadsplapeateterdel bt remmtiy dinngegulating
pre-CFU-S, short 30 termrepopul ating stemcells

he stmcﬁbﬁ@fqremmtmﬂdﬁm ating stem ceI s WO
0%078917 PCT/.1 L2004/ 000215 44 ( TR@C@ urton et
F152S 4 SRERULS apecrlenRins ARRA 20 tﬁbf @goyatien of

Wﬁggﬁ’%@ iR ORI mlarfR TRERICS of PubfRARDIN" Behs

(429, Laétteé el fell jewi %‘héfé‘iﬁgﬂﬁ o gxg ﬁé oF@Vetfeckn

ition, ATRA prevented the di ntiation of these

pri Mthd)u@l 81 enoedkhmitdpgitietdtismee biftinWceoflagcERthPurton et
during the 14 days of culture. In marked contrast,

al. (4}), Kamei also Semdnstratdd that ubtineids, edpehial@nale3aoetimic-
acigﬁﬁhﬂ) t%%%%ferentlgg{)n Z)f g?e es1d1pose 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.
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liad virtually no short- or long-termrepopul ating
ability, but displayed an approxinmately 6-fold

WO p@noz9e7 i N t he pre- CFU-S popul ati on. Purton BCT/#EL2004/000215

(41) concluded fromthese studies that the agonist to
RAR, nanely retinoic acid, 10 enhances the maintenance
and self-renewal of short45and |ong-term repopul ating
st &nceatrhst to AofRAlt EARL in 1BE IR AetaY0! &k
193109 abrogates reconstituting ability, no??&apk%?tyeen
reguiigtopy qathwag towetroldingf eslk mirolifergtioro fantl héi fRsréntidtione These
stemcells. Purton et al. (41) argue that these
pathwayg| arg stripily canpledpior nemealagallsundkpently txcoptomin which
retinoids in regulating 5 hemat opoi etj ¢ stem cel |
thesg; oo PERRESERSH HROIBTIHONNRY Cospetent ol sliffereatiation ese not
t-h rowt h, and differentj.atiop of anul ocyt.e
coupldf & R SPUHRRe ot Rl RabkEh pafhutiuo BIRFELEUS. Therefore,
IR ANS 4 e Gt [l
ol R Ebb i o R cAch U hote BF <08 RO BlS i R sy ot
leveh@Rofethst AOQDLL 64). t i ssue, but in accordance with
Pur t on et(l 20 alf) (41), Kamei al so denonstrated that
r eWlndd oslucempiheipabdent alventivans praticedi was demdnstrated that
.inhibit the differentiation of pre-adipose cells (43).
retingip @gid pptagpiste vshemaddad to eysivwnhematspesaticr et heprtdcyte

e L T OB P RS LR PEL NS e
expAsidd gfg@%—r%%gt}é gtgmc%gjlﬂss. As was shown in detail for

sever a ce ['i ne nodels, such as HL-60,

NHthe aifa gbdikts \did bt ﬁéf% 5%1{1‘ %?ggﬁﬁcaﬁﬁ%ﬁfx%doxcﬁééﬁivteg@?ect

are bl ocked at the nyel oblast” or pr el ocyti c” stage

on oferaldidetleaeh 0B84 o]l erpatsiotatdiang abe theseterRCANERES In
by specific antagoni sts, antisense or transduction

additjonh CD3h catigan isexqptssed anscansmittidatseatelliat multihiobirtistem
of kgﬂuced gr.anul gcytic¢c and nmpnocytic, )
cellyi £ {UHEnei smabn rapprd ook hesontrepEip$4 2064/ popripsionsshe

ras mal cel]s, in leukema there is a .
COYFICERY! B0 saB B2 sl bilomy NpaPhitss et 6y progpnicor
cell 68hpaRhflkferation and differentiation. These

pat tﬁ)ways are strictly coupled in normal cells. The

onynalsiepr it chitehb e heskt he&LrA¥RUBHAGRSESS in two weeks
proliferation and conmtnent to differentiation are

ex-ive cBltoosptaydaleidsthbheukelch - supplaaadntpd obith er RiNRomntagonist
at hway of the stemcells. K Therefore, all the above

Confgtflff&li bighgp peEentagss ift GR34oIDY eedlsi sl €0 dpnocellans

comtpg%dS t g 81§1|t1|1res treated only with the early acting cytokines

Thrombopoietin (TPO), 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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| evel altogether (19, 22, 64). Wile reducing the
present invention to practice it was denonstrated that

WO eqounioe7 aci d ant agoni sts, when added to ex- VP@DIL2004/000215
hemat opoi eti c or hepatocyte to cultures for only a
limted, short-term period, enable extended |ong-term
expansi on of self-renewablsg stemcells. The

The AR RNk dAMRLTBY DI s BT et Ry the

antﬁgggﬁﬁ%juﬁﬁg%é LnGHkden shmite- termcul tures. In

Ition, "CD34 antigen Is expressed on commtted as

welfurfier fm#)pbrtlfl@t efftagdnist shecidr) EffectOndny reguamiy events of
fraction of the entire CD34+ cell population, the

selfeRdwhCDRRl contnidbeat/ toi miffersintigtiobetames t owhexpedments
and early_ progenitor cell conpartnent. Analysis of.

condnetedohergin voth presayt srd masweedbPANPGES GHEURes. ¢ dgimary
cullGEnFenBi Lo B RS S Bl B gporion of
celf PGB8 cERINRRTERo bnd i atPer, GERIFRB it Bval
celRplev¥pRC hisBigfd R Prol TG Ao LAk MephRidbte popujations.

Thésecéaty b&fdtdeytd iRppamitRegnpatisdnfiredteleystabob¢akieia tleure,
expression of the CD38 antigen. Al so there was

eveinnini thietabsenasf ofaswpl¢raentabCytwkings, himesigmpsperdiefied finding.
Lin) 25 antigens. The effect of the antagonist is
Fuélp@morr@osumkﬁmftntat@,orapﬁ theortliures wiligegtowth dactres/had no effect

on LG BB 5 S s ES PRk asgoni
e P A ERSAICL  BRpRIL eOT B sae

and® RMAIBtrhRAl sigher B3R Bk AARIIS hepAB¥ReT SOMIASSs FBll¥wing

t he expression of differentiation assoclated antigens,
secbut passage} fietheanidigatsy assledoatrrgonists st wibudeldelf-renewal
phenot ype such as the CD34 antigen. WO 2004/ 078917
capRbitityl 2004/ 000215 46 The percentages and absol ute
f CD34+ cells were not affecte

ant Bgsiiden o RESEHR SHGHErRr e, CURL 1P Mhe present
inEHARPD (RN AYRN Lo SREEHL i ST EEELR AN LAMERNA the
o 5 L L TR O UBAEHITAL 0P SR 0 s
renRwialref Ystem cells, e.g. CD34"/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-CFUc.
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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cul tures incubated with the antagonists reveal ed an
increase in the proportion of cells producing
w@2GoenTgeot ei n, and in the number of hi stol ogiPEl/I2004/000215
di stinct oval cells, events associated with
proliferation of early hepatocyte popul ati ons. These
early hepatocyte popul atiams persisted for at |east 3

o SERIT ALY S8, At RS o, gy,

I nes, a nost unprece

maintériaRBE AT Bix-SoIoRl BB HR chfird BEItEY! peHdRE WxAnsion of
grom h factors had no eftect on the proliferatron of

steraacdlls, e patveslyt efrpmp theaphemstypd ahareterBARoaN ia e Nosiplete
treat nent enabl ed expansi on of this popul ation even

agregrhemiwiwith fthe slongeatssmngesli-remavalepotestinhtasdmeasured by the
si.gni ficant lt)j expanded hepat ocyte popul ati ons

funetional\fi Hg-UBUs @ssiyd Batlsasgays demonsrate saperian angl rolenged

f or. ant ists.in.cellular. self-renewal. capability. .
oxpaRsigRart Pareasvring e o SibiteS dlSd L e anadonist
moldal;l¢& reducing the present invention to practice, it

was denonstrated that short-termtreatnent with the

antjagand Shedi|BowWne tBhtS R ARakIngsbdniigts | fMEbit&T MR BX-iMiY&d

expansi on and self 20 renewal of stemcells, e.g.
gragii®eyiit idifferedti R4 o8 8onueitied, ptateslosytinBlly60 dellsi(R&H It

exposure to the antagoni st was sufficient to produce a

wasiadsn fshewm thaid genergransioiionpedlomguchied BAR hahibiteg the
s B GSF BP0 Tl 0SS SERCDIL BB oo,
TP o L e e AR SR R i cen
nnésnaﬁwpe\eeﬁaaugg ChE@S Sﬂlga%lﬁeﬁﬂﬁf t%g %ﬁanhﬂ%?/g%nﬁﬁfére&ﬁaﬁon

CFU i n cul tur treatéd only w e cy nes,
indubed by A ual GYCSIEC Téares ndutiilgtibhet tagtehetdll level can be

cultures. In fact, many of the control cultures were
conghalsiderom theiaboes studiey. CFU potential in the |ong and

extended | ong-termculture. In contrast to cultures

t r et 88Pessd 18 Rystansetiailt (19 hwhesn tegelingt aradeserbechabece, it

s B AAAE 80 e P bRl Rpors anc
I 7. - i na-

04SP BT ORAAIRREAE ST LA by,

retihbRl re¥Bpidhe ARG oRfed Ththé BaNhsh BP5lcROcAINSIRMEAR]. Tt is
culture period. Expansion of stemcells, as revealed
furtheo denensphedohgeen ¢her thet additian i afthess molecwleplfet enly a
. agreenent with_the long-term self-renewal potential as
limpgd sthasttasin pegeod 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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5 functional LTC CFUc assay. Both assays denonstrate
superior and prol onged expansion of self-renew ng

WO gaoaforsoet | s in cultures pulsed with the ant agpi/Ht2004/000215

nol ecul e. It has been shown that RAR ant agonists

i nhi bited RA induced granulocytic differentiation of

comm tted, proinyelocytic4H-60 cells (25). It 10 was
myebido esfbMAd dodalyngfieed tcﬁgfe&hﬁaﬁb@ @ céin fet1o iqg&da&’*@eu

i nhibited the response of nouse derived

proliferstm abikiggl 16-1 8 wesek8aRer the ititiaSon(cd2he culthese
studi es, however, were perforned with | eukem c,

| i AdagePnesedh e eqenelic mddiBeations seigeinkidcdlyl ytrammmction
only inhibitjon of.granulocytic differentiation
proqeﬁg%/&seghaéyl C8r I@Iglgﬁ? ?Jléfﬁ%té?n%dnr 8ERE Axpaessian tapd cell
|| Jeve an be i.s conclduded..fromithe above
fun i teds B s B8R Benstif s B B aP bGP tiip@EPwin the

RARCBILDAY A ARCTELACH KR Lol TR o

CD3£¢ERL Phendfe. MURBBISTLEIHE AREhafisnt & §8tiviBNSf a dominant
i nhibifors of Pl 3-kinase signaling pathways, that

negativd medegtoresepeor diffgrent vl vied nevhiahBnt efURAR @ntaponist
stemcell self-renewal. It is 20 further denonstrated

molgailesn Additionplesuppoirtve daty of nedidferentemudesof actiankymas
limted, short-termperiod . to th -vjivo cultures

shpr e )
from sApe TRk deEmqTTakBE ! sslls traaﬁﬁrqeﬁéml@ Aglongpagt regative
ration _of thei.r not.ype f.or
RARGH bl LR b BBl Dy BREDRLRR R Rpvers 72),
whitle tefifitclyae hdt IRCORE AFidPREARANASH Touldhl Befs LBYRH G an
any cell “transformati on an 0 not result 1 n any ce
RARianeagodsstf ormati on. Opposite to cell |ines
occasional |y obtained by transduction with a
t r Startingdyithombrmat megsat deeveAbop22n28)jqw | (B3 ediiswand
herein that, whether the antagoni st was suppl enented
follpwngy nirgnsdnstion r grith wa (tencatede Rk sTeseptasonCioHuBus(P)

t f | | t iod, all cultured, cell
occ it REnHthgH A Obes-SEhsat e - lprser 1 J60iE W6 628 mose-
halittid Choos Y Ut
derTH GBS ap RO Rl L G By on
RARegksg@iitebedderatdd tiead icell OifferB®i At UBScadTe@RNOSRId

to genetic nodifications obtained by transduction
suppeitaedurs® ¢itmnsioncfctennkilni4 ) elladstelast pravidddbgBogon
?x?r%ssi on_ and cel | ) )
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 occur 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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5 functions (unless the transduced gene is shut off),
continuous treatnent with the RAR antagoni st did not
wOo e®4lr89in infinitive expansi on or mai nt enancePOr/1L2004/000215

CD34+/ Li n phenotype. Therefore, the nechani sm of
activity of a dom nant negative receptor is very
different than the nechani4m of RAR ant agoni st
(apey) €yl @Slay Gtk éritlon W Akh¥RiGHAIGR @b Al LEEM 8 hair
node oOf action conmes 10 from experinents denonstrating
follitlet ialouse (Hnsduced wi th a domi nant negative RAR
remain immature even in the presence of a
di f R&Renlphatabtatidmnchyeks sn egRlermalvntetioliietlanittypyplisia with
not the case with naormal, non |eukemc cells treated
kergiinacyp  Imarrpreliseratipt . ast arabergnt ttermiaahal diffstengiation,

L U T —
o RSN R BBRAR g TR hTi S b

cydRi¥3, ARl agieBbsbd RN it i ) isdat )

4 an  RAR a%? agoni s%{ %\dggtéﬁilﬁl%%ﬁfs%e%&gg{aﬁ%@&%d WRXR

alptia fHeteredimartzednwithhetheasut Bat hetept@si ate iavplvedti@dpostnatal
ex-vivo expansion of stemcells (41). These data

haip felicteegronh Fo@) on 20 et al. (41) and Collins (23)

favar. the exjstence of two different, unrel ated

mec halHPg tegeilear abaveilaiguiideaongludedithat pothersterarsell level,
o ST P LRRAGRE 5 1 MRS e
fangi | nQlfirJieGRR! (l{)hgftgﬁﬂb i¥aldf B%Iragﬁ/ i()lr%ﬁgeénn self-renewal and

iTferentl ation S con not ma

coraifny@geoeiifercatiaeh lof ndemab héddpoldtRSHPnon-hematopoietic
devel opnent. Multiple fetal anomalies occur In vitamn

stey ¢idfsi ci ent animals as well as in retinoic acid
receptor gene 'knockout' mce, indicating that o
r et 1A®ROVEE mptheth of spt-vine dewadsnlagions ol celhrdifferegntiation,

rfaqrns some essetia{jfuncti ns.in normal . .
ey S Tofire REPATIET 61 HObRIOIG, 8 Py RewAPRQistic and non-
i - i t i Sts,t RAR
re BRI 01 I DIGH B, B SR RO BB GHT o
heM@oB0R4iC0 ¢85 7o &l /théi%?ﬁ‘l/c@_ﬁogb@?ce?%lﬁ dfl’l%}%pyt %?yalgsﬁgﬁ}ier

dif erentiation and nmaturation o e fetal "skin
apimiationf whichatesirésninoreas@g(imberR¥Rs@hplelsabl at i on

results in epidermal interfollicular hyperplasia with

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
interfere 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 receptors
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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kerati nocyte hyperproliferation and aberrant term nal
differentiation, 5 acconpanied by an inflanmatory

wo eagnisomn? of the skin. It was further shown the€T/IL2004/000215

RXR- al pha/ VDR heterodi mers play a magjor role in
controlling hair cycling, and suggested that
addi ti onal signaling pathways nedi ated by RXR- al pha

S SeaEErbestn the BpdlalBind YEURAL b REEBIPLRUBES whigh is
locakad i thet QIEANAET, ﬁdﬂ@bl@%ﬁ@d@ féRReA ahll VisD GRAGHERHESE [iRiemic

at the stemcell |eve positive and negative signals
cellvidiffereneiptions dselwasgideghdnstrhted ret Hiobd wadefHR, myeloid

fam |y, control the physiol ogical bal ance between
leukasinicr eabwal Bellowingmindweiion t@f dilbred e@ﬂlllsatt‘i) ogramlocyﬂc

or mal mat opoi eti ¢ and non-henat.op | etl C
dlffgﬁqt@tm&g)wg”ﬁ’&&'éﬂ%t?ﬁ » SRCTERS! EiTa?rkwse»

parfiife b, G Vel Mo BRRTE T i#%fjaﬁgﬁ?%%% { ffhctlon in
the rh%ﬁ%t‘? g1t & ?&ébﬁeﬂs SRRGsTHR %vz*ét diérh&ﬁs%afté?{] following

transplantation o emat opol etic ce gene t herapy,

tredt@eht KAl aeCBNELyERIERMaRin Iy (DHhShictARRkI é?s@;bél@&d with
whi ch requifes increasing nunbers of stem cel

rapithenditrahdiziad inoreasés m BIBilinase! &tivitg dsoweld bisawnh n@aturatlon
large stemcell expansion is a feasible, econom cal

of myelosdtellnend safaceexpessionst e CEYdr srd 6D Itive nparkensrf cell
tud it was found that a series of chem cal agents

dif. aE‘PHd retinoic acid, retinoid X and/or Vitamn D

?ﬁf@g R DB it S JPCRBR it et o Erddifon of
COASRICOTTE cRhi SN Sohl ol el 1201 AN Ok S EAASh boriL

hereby stimuratin ro on |ng active ex-vivo

60 s:enmhﬁelréntexmn&tcpml ﬁg\a&aﬁohe@ﬂ@wal rbtes edpektion were
i nposed by the above nucl ear receptors may be

abrapateddieda)vhd Rhibkirasa m]mbptbms PRE9A9L i amak mtootmannin; (b)
3- ki nase (PI 3- ki nase) ch is an obligatory factor
antfsgpsep pHperuGleetidssoio ml?g}m fomgthevmj o eatelytgogubunit of PI 3-

o AR B VDS gt i
e T S
diffnteRRnsbtadesr 1dkhbmiO cand ildRatifly 8h&1 BI 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 immunoprecipitates 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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| eukaem c cells. Follow ng induction of HL-60 cells to
granul ocytic 5 differentiation by all-trans-retinoic
waeolod/o789mTtr ease in the anmount of Pl 3-ki nase, PCT/IL2004/000215
particularly at the nuclear |evel was observed. PI
3-kinase critical function in the activation of
nucl ear receptors such as MDR was denonstrat ed

i PERRTDIER BEBATT Mot Py SEMALRAARTMILER con
link(VieASEEWIkaPE l%'s'&iﬁyﬁ% R YOdw 1899.88(2): 755y h
maturation to of nyéloid cells and surface expressions

of Thist dmdi@d tdveahwr kewsl, ofiorgpehbmidihtehiaidém aéf BBrmone
As is further described in the background section
actigipvegulpiegignerecyss dilferentiation, TDWhith vétepriasbi arctivates a

V@ﬁ%ﬁ@ﬁ%@@%ﬁ%@ﬁh&@@ﬁj&% Wast Coag+ protein

! Fhe

R e T R

celf! di%%ﬁia?QE' glgsi (RIC%HAO{ Q;im%ﬁgatﬁ)&r}%fcﬂ{eahﬁyeﬁr receptors,
subunit of PI 8- Kinase; (c) a dom nant hegatlve

RARERNR ahd RXRLKVDRS Qé:sp%@ﬂvél?) wuﬁ@ﬂ%mh@;adwaﬁpn,a&cmit
antisense fragment of p85a. [nhibition of Pl 3-kinase
an aagtditional potarenPEB-khmse.di Dbemstitimt sigealptranehistioh by the
| eukaem ¢ cells, indicating that Pl 3-kinase activity
muglgan feigadimeramnanns i be Glle-kinaps depanded. doalindby presence

o BT P PRt oot d LB
BT B LR AL i
InHaBitioRh ®fF ab1 @-Rﬁﬂsé“t’é&gﬁ{aﬁ%- albeteTy REOLSeAfd P 3 kinase

vitro ki nase assays carried out “on’i nmunoprecl pitates

intabitorised MR réqulstedvED 38 kabrdogionr Bak it At abropagdt lcakemic cell
formation of a conplex containing both Pl 3-kinase

diffgrentititonviDRucS] by hényRAandvia®. f urt her described in
t he backgrgund sect | on_above . sever

di t FerBofnds it sneguficably mehited Béy %lvét\%itﬁlmdqcriage)f late
o8 B Tl 2008 OTER Ay FETL 20041000035,
o] AR RIS A B
inhiki estokéndaMettion @i gRneR], GtérBeAAR prhy@itdt UeOMeferentiation.

action regul ati ng nonocyte differentiation, in which
Therefens, midBitimnt 9fVBE 8skiaase 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-
kinase 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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5 VDR and PI 3-ki nase-dependent signaling pathway.
Taki ng the above data, it nay be postul ated that RA

W@ pa4NTHOF enhanced cell differentiation via i pCo20ew00215

of dinerization of the nuclear receptors, RAR&RXR and
RXR&VDR, respectively, which, follow ng activation,
recruit an additional protein, Pl 3-Kkinase.
introuihgbr eappeii @Redntt 62PE dughh@nwhicH ﬂ@%nlé’ollgh% actor in up
hetrodi ners appears to be Pl 3-kinase depende Only
regithationenfi{TI038 gere expiresdien and colé differennftidtl. 3- Ki nase,

these receptors will further control gene expression
andUaderlomeeenner cantent (inthased émsapalfmmmttbe caltbire media

|fferent|atl|on I nhi bition of Pl 3k|n enz matic
witheq icoppgr ehelaipr sudpatitetractipylenpegtamins - biskinase is

o PR e B 0 S0 Yo

hicBl t By ~ i fdl d

fid ndtzf@. OMBPS DT S-PRE. L Sftobly BN SERE in

acdetutiieon of c€ll UEfeaentiion. as down-regul ate CD3 8
expression, i.e., RAR RXR and VDR antagonists, are

shoWakdretogethet,t & damornstraitdsl that yitokpemfic mebgants; sucH as the
normal , stenfearly progenitor cell differentiation. 20

RAﬂq anieepists (thal Hritchad off GD38-ganeaeressian); the mieafprmide
f i
<th@ nagater i bidineiget Poeaecaeatdens il %%?rga' Gt e

t{cﬁc&%}ﬁlg%ﬁ?&?—kﬁﬁ?@ fﬁghﬁgig ﬁ%glé &%pﬁgrtd ltent that results
in 1%@553 keretdsisRATk 'V‘i’i‘tﬁ'ébl%‘tﬁﬁmd:fb%@ ord %'l‘lsstr(ﬁ%'l? L}gﬁ%ted CD34+

activate Pl “3-kinase. con equence
celtdiffarbmtiatapper, Pl 3- 25 k| nase will be very active

whereas at | ow cell copper content Pl 3-kinase w ||

| oskahibitors @dtDp&ralthdugs antivievat tdjffetenti eeldylai ﬂe\aeé;s are very

depo st rated. herein t&a@é@ npdul atjon . of cellu

POteRf, BUHbIRLS e el e ionn clnihigen s ds DS ither at the
|1 diff tiat
o e
3 t | ar - '
ol BEALON el AT SELLY R0 o o
ellz%ﬁdtidi&ﬁﬁﬁo@@@&%b&%l tpélhgoelebulka irC QRIS of ASY €DBY-+0fe]]
Pl 3-kinase which is an obligatory factor in up

diffeseptiatidnoemdoflcCORM igenevies prpasianofeatlcpidgenitor cells.

differenti at| on. Under | ow copper content (inposed b
supl! & rastlatgd that gegulatin %651538 via the PI lanr?ase 81gnay11ng

pathway is a critical 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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with a copper chelator such as tetraethyl enpentam ne -
TEPA) Pl 3-kinase is 5 less active, resulting in a

waledoap7dom7 cel | differentiation. On the other heeTIL2804/000215

hi gh cell copper content, Pl 3-kinase is strongly
activated, resulting in acceleration of cell
differentiation. Taken togéther, it is denobnstrated

diffetetiafibh etes@atsdd heteireid dRO t&ultsofthodidalien, BPRduction of PI
ant agoni sts (that switched off CD38 gene expression),

3-kirlase actraty, editheleffedd oftahatiradity of stead céll sffetdveoficeat, such
enzymatic activity), as well as reduction in the

as okines, receptar agonistget®)  3- ki nase by reduction in cell
copper content that results %‘h‘ﬂ l.ess effective signals

vi  Phaepdy dissoyered dfchod magilation of geneidriesented signal
4.+ ell diff tatiaon . lL.nhjbito . CD38 . .

warition A wrslf b TR TR B, actBitbr i i oG kings® Sjepaljagy s

] t ept iRkt or ~Ster diFf it
ppieple; R e hiaE e NP6} Spfblonol AL GREPRE cell
inchaygd héatepBictitt @USNhéedatocyids dhrdkémbsRori®@ st télls. Such ex-

inhibitors, de- activation of Pl 3-Kinase by copper
vive hepatdedsellasandielappbied mhsbieralorlinéal Ghaatioen z¥hatfoltowing
. activity (ADP ribosyl cyclase) resulted in inhibition
listyp feW34+ cell differentiation and el evation in ex

o AR e R BAPE hod5iF  ki
cellg 90 %eh&%e.tﬁé‘tn%el %ﬂt%f%hg{c'ﬁ:tfo? gl Vaglté%gﬁf %rp'le%ttee&n LF Sllaiignant

eterm nat’i on, er’in e dire
dis€BkS - ' SvieN@| cagky bmsiihA@neAt prRkk Bfd "%;114 i
conbi ni ng di?‘fgr eﬁ?gbr eagént sll;) a(gltﬂie\slg&glt ééllif efeélr%e bone

maxeiv (BM) popnigeds, redemtbn siaratdedinedipbpelatiadsli dniric@ed 661 stem
synergisstic effect. .These results support the PI
nglsecdﬂéhh

cellg-(ki avebesreysadaiditon Infaddied @5thp moamow, suwdh cells
it's bi.ological function as a casual event in
cond bE d2riv 0 Tior SiHsH SORIoRE SuQuty Deraphasal Dlogd (HBLend neonatal

S : b ML to.a single athesjs, it will

i, St BB CRLEAR Sobised VG Bl b,y B

G : .  f A ' .
cel Pl Phs UK IRIREES! BibcHlopely Mt Kbl (R A3S infesion and
bleadidg @8y he 30 novel effect of downregul ation of PI

3-ki nase signaling pathways on stemcell WO

200%%h 028SLiPNPCTAdViaa0@4/ @F02%Mmg 3B difrf eframspiaattatoon is its
deslgjiii bed herein is the result of nodification, by

ACCESSIRIKEY- ot st lpitingsiaetorafos PRt tiapsplpntagipn;ipdhe dews guentsy of
circ%lﬁ&nlﬁrﬁluiﬁtpgte% stse%lspr)r}ocg%lnitore éeflfs?t 've factors, such

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 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 (49-50):

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

leukophoresis (46).
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as cytokines, receptor agonists, etc. This newy

di scovered effect of nodul ation of retinoid receptors
wGe@aarsd1tt transduction as well as CD38 bi ol ogPCHIL2004/000215

activity, via Pl 3-kinase signaling, is applicable

for maxi m zing the ex-vivo expansion of various types

of cells including hematogoietic cells, hepatocytes

and %H’QIBDéQ @to‘f og%it el 'rfumt%‘fdf X or OB Qi Ra{d ?%&Ehﬁa

can be applie n several clinical situations.
futdreldsew ng lists a few. 10 Hei natopoietic cell
transpl antation: Transplantation of henatopoietic
cel Insthhassdeicarteloghes trpsplamtation bf cdvapicstsfwith malpniatigs,
of inherited or naljgnant diseases. Wile early

contramabingn fERoSels ode @utclazasi IS ﬁéte@n@w@lbmm do the
reclbhe BRediBgRy (L §¢1s&%§fa@ %m"%? LB Spmgps v
redy o588 ob Rffion etlin e AR BARBIAE, ' SO ces "stich s

P - il -
G RO %?%@?%ﬁ?ﬁé%ﬁl?m RSl vhich

mapPBe useldlsn ﬂk@ﬁlﬂ@meidﬂt@amﬂarﬂ deingPfen ey dueden pafanersus-host
reduces the risks of infection and bleeding (46-45).

disggseaddi ti onal advantage of using PB for

tra tation is its 20 accessibility. The limtin
f ac{if;&qaﬂ ptugdies; ‘rnéif‘&%‘? élh%taﬁrmf ndatiqqe of @wwmr@épalaﬁed cells

derg\betrdc ﬁ'ﬂl%e ﬂx&.ﬁl ur| e€g§3§ﬁ§§]p2c§ﬁ§ gla% g%stcc)l?e hematopmesm in

e elgggf&e%f%dzmg%% 138 s O B oo

yetfallom fiRe coRBlukidNs iaBbet Ib'ﬁg t&1ink ﬁﬂb@bllﬁﬁléﬁypdléﬁékﬁﬁ?ﬂﬁhtles of
W t h chenot herapy and cytokines (46- 25 '47). Such

these eaturedtcells(4b¥7ousl y not suitable for normal donors.
The_use of ex-vivo expanded stemcells for
t r ahep| aseessfbn tigasplepiationg| SI@Nenglgacnfaﬁhggé@ramg 5f) the
red%fes t he O|UﬁE of blood required f

CYEPB%H SaBe foN e eRgrAliBeY & .C&u%@lst dnslysign of

in TR 1 ?1§§59%°§%%2%%%%‘%ﬂ%@#f?%@0 Refsls the

pro?gllcf%l@én %T?Qgﬁg?eﬁétlﬂeﬂg e RhreS OBl (ABBE shRkteRRLOth LR yRIR e
phase. It is important, therefore, that ex-vivo 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 to the
neutrophilic 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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future use. In the case of autol ogous transplantation

of recipients with nmalignancies, contam nating tunor
W@ 2004m789m7 aut ol ogous i nfusi on often contri but eP€DIL20&4/000215

5 recurrence of the disease (46). Selecting and

expandi ng CD34 stemcells wll reduce the |oad of

tunor cells in the final t3ansplant. The cultures
andoawx% tRerSb S Rbrf LGRAe Agediet 1 0mr&ferbdl )ﬁHHfiH&ééfix‘?é ‘means of

whi ¢ may be useéful in the all'ogeneit transpl ant

colketihg ngmboyonie dells ngvalvas tsepersion- bd mbgbheagteledied red
Cinical studies indicate that transplantati on of

bloed -oeilvireewysarsitidt hevé snfilitvatedviedio fpedpheras medtérnalinhvenlation.
PB CD34 cells can restore hematgpoiesis in recipients

Howieset, e8inge t theh iqgpntitinse o1 othesd e@ﬁiﬁh srapiuitealscareagia twdher

o L Sl AT e RgB A o
. - f .

wocBR AR P PEHCRs, S&EPR At pIHE A of Thgepresent

inv%Mﬁ@x,ﬁ)ﬁlﬁbfef&kéa%?fer@é? m¥ahb 1@8x zﬁﬁgeﬁlﬁf’}mrg@ l@gl?sfe ForeiMplichtions

crucial. Incfusion of 1nternedi ate an

in meogahidiaghogiel | s in the transplant coul d accelerate
the production of donor-derived mature cells thereby
shobeaaitherappe Foy seenifol lqugateem ganei therapyon thagh frequency

therefgre, that ex-viyvo expanded cells include, in 20 .
of &%&ﬁ“@?ﬁ)ﬁ m%{lg@é ieak WIXS, withteanggenesrsiahly dntsaraiedhyathin their

o R8T RRBR i BT B ARG ot
o) PSSO 5010  RGRRE, Ly R SogGoRRE1 ) s

frabRerak AMEOCt HEpUlbORSES mdsPBE BHEnk AR inh hﬁie@é‘éiﬁ,nﬁc'brpﬁjﬁcﬂfng
stem cells, should serve this purpose (51). 25 Suc

stateul t Ofied-bmayd He.guseftulvidal) vestboy rayitee pediapotle sdisision for
recipients with conpletely abl ated bone marrow, as

intggspiion of ithe resgens iyfodhe hpPganions. mBaarafae, gae transfer into

e e
' ' t] f i |ls: P |

pofi8RTSISsRly 9816 4 87 HEEN B BSE G gRALE g Alua

pr@g@ré/ @E;a%agg}:%ggéﬁ%%gﬁéﬂwaﬁﬂmﬂ geriétie 1R diNOEAPEA 78917

Adoptive  immunotherapy: FEx-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 ef al.
(56) using a larg¢ number of autologous ex-vivo expanded non-specific killer T
cells, and subsequently ex-vivo expanded specific tumor infiltrating
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-vitro

and, thus, offer new prospects for the immunotherapy of minimal residual



10

15

20

25

30

and anal ysis thereof for genetic defects. A preferred,
non-i nvasi ve, neans of collecting enbryonic cells
WO pwal789$7 separ ati on of enbryoni c nucl eat ed r erCT/Il2004d)00215
cell precursors that have infiltrated into peripheral
mat ernal circulation. However, since the quantities
of these cells are quite ssrarce, a further 5
_ e at: Vet .
O AR LT H0 < (N BhEREY. Loy P SO bp e frosenting
dest@siio ideHe Ky ®etn fndRd 4 WARl ¥Bd Sis dRCadIiBSLA! promising
invention, therefore, offers a neans to expand
apelidatipo mif the elitrenttyopropppdd eahnaogy (575p).enat al
di a%nosi s. Gene therapy: For successful |ong-term gene
t heEXpifvo expangion pfgqasrivynatopoigtic gtene and girpgemiati dellsd

R O b Ll e
PSRN o 5B oLl 1 s oo

celds, SHBlubing! o€ lek@mpRi, Adi@alC&bin @éllﬁylcﬁfgioﬁen%gyﬁoﬁﬁog@ﬁitors,

themare Tn a quiescent, non-cycling” state.
and/ilreslikdoased (e.g., retroviral) vectors require active
cel] division for 15 integration of the transgene into
t heMimiin gésooders Tdrer efrorimpogent growmséf rhunmim nebiraspical
.BMstemcells is highly inefficient. The ability to .
disggses fhatsansy ps elednCyEablGH aPiogress fin smimak Blodslsa particylarly in

l.at e thei el |.. di,vi si on ex-vivo,woul d rovi.de.
trap RIS (I 48 4B st dioRfle Hachet peGerael B siEfificant
.| - .
oA SBIRR SREpAORLLY IO RSISRG o oo 60
Fuhavyetiegpicst bolilgd ianslves ®dtH ofra {thti6n | FRUNBERIRGERY of
of various nmalignancies, imunodeficiencies, viral
endogtngen etpair, diske dse swé Spphached loeuld batcvartined vatic es-vivo

the required i mune response or replaces deficient
mapiidetigghel damfirdisgper oach was pi oneered clinically by

At D oA e viARs- St Ritono il Rgatc meeh gpesengiymal

, | i d i fi .
seBELS AR AR oS0t YBe SNRRTHRG (PSSt
mRblel 8L RRFRS 8RbINAY 268! réégggg 5g%a§g {fgfﬂ{l{@giétﬁfg Burifying, and

starting population o

exaridokg memsn ppsehed/neallstam eslls Asculglrt. These cel I's can
present_sol uble protein antigens to autologous T cells
i n- Vi3 rRat3oahd 3 613N sprovides mateedspion spetts of er-vivedineage-

diriﬁggga {i‘rg(%%gizygp é%ggtrgd,nl:u tllre—rei?)iar? ea hIYr\Qar% %%ﬁéggh%%lﬁ 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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56 di sease after high dose chenotherapy. Ex-vivo
expansi on of antigen-presenting dendritic cells has

whe@n/osuti ed as well, and is an additional prpoT/HI200#/000215

application of the currently proposed technol ogy
(57-59). Ex-vivo expansion of non-hematopoietic stem
and progenitor cells: 5. Additional applications of

origiheclleGihieH poKnHARPesE behfifeftcll 16 Hd6mE Mnctional cartilage
possibility for ex-vivo expansion of non-henatop0|et|§

cellst dypiaaldly pbpgé tinclusioel | &f dhomdrsiend fnduciesanBt®rs, in
neural stemcells, oljgodendrocyte progenitors, and
comppatjongaith fipsinogen; ansipaeieases @ﬂr&la@nglfpor tant group of
hu eurol ogi.cal . i.q di seases .that are, as yet,
P abb Ner oG bd86  lusinihatdere bopi mieseamiyl call
' Il s .of ol i godendr ocyt e |ineage,
prolifeBE By AR S ASRpRop SRRt Mo AR merch: g are
iF ol 0B 6@ inBWd f ' f tion
capR Iy BRI ER i OERF SR HORIHELI L0 Bl

t r anSplPant Mol )7 )4 Prrev@tls eNnRitho® REOBEN AEsALRAdS of a
and the two approaches coul d be conbined wiTh ex-vivo
woups embipulimtinomiofal dordoman. sEhis. meth8d ®Ratpridés. the steps of
. ...5, 486,359 i]lustrates that isolated human nesenchynal
initiglly gorerpg thewamndr withri cellagennglycorsminegianam (6 Q) imstuis,

g SRR 2D o UERkE, nfle ! Sy
enEIERR s RSB BI KShOn G e
epitpénaqmvd,gof@ﬁlshegzgﬁwndﬁbﬁféﬁeieﬁﬁmfeﬁﬂs QR fribﬁf’{h%t &flmal or

cul t ur e-expand uman nesenchynmal stemcells

hunwongird wongd-fesesiiehy mpplisd em thelbodgQnfaed. Wheresulting graft
bi oactive factor effective in inducing stemcell

has gxeelégnérinclasioonraiast ancahhs tlem gppedrandeyigrewttsunatueation and
.~-di scl osed_.is t hod i ncluding introducin
differgniighen gﬁﬁ%@ég}%- neage- i nduceg 25 rresenchsrral stem
ce i %110 e i gi-npal ., autol o s.hast, for purposes
of Id'?r’eslgegnt'c h@ﬁalfﬂ@éﬂé ]?ré)é’ é‘# r E?‘?gﬁﬁdsp (r)fgf egﬁ?tfl?é) gegpients
suffBhe Hom 4di8dRed 20k oULIBS EHMMAI | RfadilizdPRA TAAIG,

efects in cartilage and bones. ese are provi

cartdege, foolmgdtfeers. ahesmethoddconpiRedaies, dndudatmidktion of
artificial bones. The gel conprises certain types of

stromel ceslllss isotzsed sfromy nbemel nsitigereiceitatiyidnals, or intravenous
adm?xﬁgtrr]gtric?lf ygfesstrgrrna?ngellrsm?s%?aag rrglom 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 a bone marrow sample from either the recipient individual or a
matched syngeneic donor and isolating adherent cells from the sample. Once
isolated, 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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WO 2004/ 078917 PCT/1L2004/ 000215 57 origin cells
whi ch potentially can be converted to becone

wo eoveisomal cartilage cells, typically by thePCT/IL2004/000215

i ncl usi on of chondrogenic inducing factors, in
conbi nation with fibrinogen, antiprotease and
thronbin. U'S. Pat. No. 5 654,186 illustrates that

damQ%«?c? dcehgrgfz z%a%hy n@l!lchc Eé Sregﬁ %éﬂdgﬂ elre%ﬁ bf stem and

ure, I'vo, enon in -an
applitafibh e thet, AdhSiapRs.
progfRiet el b?%%%@% 551?%?%“’%{?%% ahat .ﬂlﬁ.op?"%%%, it
Bec#i@eeaf sthis rjﬁésm@% afecgkior tazgensumbésnodfexpandedingernr and
burn in an animal or human. This nethod conprises the
progenips @l papuﬂatwnlsy thovmeihogs t tied vapphidationsh of &l Ipsiegent
gl ycosam nogl ycan (GO). matrix, 1lo facil
qumﬁ@@r%ildwﬁma giatical gHeheinoay obthsemethods |41$€i‘?ﬁegrinfth% gpove
e%lthy underlying tissue within the grafted GC
Subsequent ly a cultured epithelial autograft

TSN d%g&m.vw bavd ERSER. Jéﬂg‘?ﬁhbbﬁs ani mal

or Uran  at- ree site 1s appli on the body

SUVAfcﬁl@t@@naT%ph%ﬁbﬁd B9 sehifand hagesixeeelevkphmdon dnclnde
rates and has the appearance, growth, maturation and

skinlfegdnérhtornhémticoegederaomahushd mgeﬂeﬁtloﬁeﬂnd ftianulation of
5,716,616 provi des methods for treating recipients
bonglgftﬁ\éﬂi 10g 2ppbeatiinsda KStEOPEOSH: der s or cond| tions

ThoTaE e 2%@3@«2%?@%2%&8 “Uelfy A e blood
@eﬁéff%% 5)| SElff%g abe qng)(ﬁlﬁg@og%rdpi’l leé{}ﬁ@?eic%vnfy or gene

or nt Favenous adm ni ion

exp?ésﬁi%ﬁaha\%e |ah§1tio§1‘éll %-ﬁ‘ﬁlvd‘ %ﬁ]!?héaﬂﬁmﬁec AR BfthntiSHES ebdea! PB-
correction of the genetic defect in the isol at d

den(s‘feﬁ Iseem Well$ stsrafsplantativtiare fiarvgsieds biymtpecated Eokpplentsis
'~ individual are also disclosed. The nethods conprise
followirg ﬂimlgn@bumoneﬂmmwhg anprew fintnihei qirrailatiapeby treatment

recipi i ndi vi dual mat ched syngenei ¢ donor and
WlﬂP%‘Flﬁf’&‘ﬁ@a ek efipkiags ( Aséaf’? mthe sarrpl e. Once 25

| SO 86 ofongn ARST et oPEhlRCAS, LEANSLAG! R docrs
Adlmlgﬁ% Heh tag ko 1‘1’1 Sdcﬁl%mbhﬁ:i MErésel BE 8farrow stem

stroma ceI at |nclu e exogenous genes operably
celll pd@ﬁ edthich ik Qﬂ@ﬁ ﬁidbil\iz@leiﬁtteﬂ@q&rqﬁﬁry Bi satiogamus as injected

[1. I'n each of the above exanpl es, non-hematopoietic
G- &Slém and progenitor

Stimulation of fetal hemoglobin production: Increased fetal
hemoglobin has been shown to ameliorate clinical symptoms in recipients
suffering - hemoglobinopathies, such as sickle cell anemia and p-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 suggested 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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30 cells are used as an external source of cells for
repl eni shing m ssing or WO 2004/ 078917

weDAbIR004/ 000215 58 danmaged cells of an or geaT/IIQ0e#000215

use requires high levels of stemand progenitor cel
expansi on for successful application of the proposed
t herapi es. Because of thiss pressing need for |arge

d .
o SO LML B et
theiP ERSE BEytroi MPRIYchRBr BOEL, 8 %1&1&5%@* hitht Giteerbfhidbn, of

t he met’hods di scl osed in he ab S pat ents.

Addiolliooriag cessatiphest ddminbtabioaxofvihe Qirﬂg dndnityiet@oval from
applications: Additional applications of stem and

the hodye thisoearlyeipopelapansthen indghtudederghi accelegené rmatuoation,
hepati c regeneration, nmuyscle regeneration and
whigh may rgswl i &1 © eaawérmogv@mpﬁ tal hspagiehinons in

B BRIRE RBpP A N7 o R Biar QS S Rerpoflyscribep St Wigrof
a glggﬂgbgeglg PSR sebletedl B#f tlf ééﬁts it Iﬂgll%s%ﬂﬁgl C{%:perggésggs

itional 1n-v

medibedehy B PUSkinase %ﬂma:;el "Ifhef ﬂfthéxrsadﬁwb@@ttﬁé hQE o Fti-
"harvest ed" by repeated I'eukophoresis 15 follow ng

GP§hentibodits, |antiaGPEB dntisendeheomsaucyandiothdrh@P88 antagonists,
circulation by treatnent wth chenotherapy and

inhipyting ithe $13-kenase) sigmiéng, pethotays Henvhe anbibylios ofamalignant

et Fol e En be'aﬁ@fgglﬁm Crall maigaanaies aestons bswplipcytic
/ Y .

o 58S oL RSBl SR 80

of s Eelsbr stah d@ﬂ' o u‘?ﬁuﬁ% Js?ﬁ T ﬁ‘q{ﬂ?&%‘}ﬁfu&@f@duct i on:

I ncreased fetal as been

amgh vdraddmieli§tritoal oiﬁlﬁﬁﬂﬁm of Sighglin| 'Iﬁlﬁﬁ\ﬁayssﬂéf\{/@[ kﬁ@wn
3- hem)g obi nopat hi es, such as sickl'e cell” anem a and

- afal m'lasm(s&{bnaseﬁnﬁﬁmmr ineatimgh ofbiesylateh($H1571), or
nor |y conprises 1 %of the total henogl ohin,

Glepureoiavasiie hree AfG aM@mJéFS@VeHSé&)yhaﬁ tﬁ§©1V@§| KD Aeapgroval

for it RO CMIERDE T s tia R Pnboen voadhin eestinical
settBi0GRSL ©A08 hakehtdin RGN AIBEO NshfaASiRach al 16&36\@;’{{%1 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 PI -3-kinase signaling pathway, and its angiogenic effects, has been
proposed as a treatment target for a number of diseases associated with
abnormal cell proliferation and tumorogenicity, as recently reviewed by Robert
Mocharnuk et al:

“First, malignant GBM cells promote tumorigenesis 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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accel eration of the maturation/differentiation process
of erythroid precursors 30 (63). Adm nistration of
woreadlozgoor s of Pl 3-kinase activity or gene exPCEHH00W00215
WD 2004/ 078917 PCT/1L2004/ 000215 59 to recipients
wi t h (3- henogl obi nopat hies m ght first increase and
synchroni ze their early eOythroid progenitor pool, by
1o IREK iaghw NEBr 2 iatp - QW :
S e A Uria ar L et Thus, simply
inhibétimy BGHFR aotivite nlgd inkhifi@artd inibiuhedbanstréan putative
m ght undergo accel erated maturation, 5 which may
effecteuimoléqula (PB/ AKat) enhqr rue tis still ah dotivating STV alitation.
US Patent Publication No: 03/0215445, to Serrero,

Thig seeuldsugeesidhe seed &9 develgp jnhibitarseohPERAK s or iadevelog 2

5

IOTe ~ drues, thaf 1] DS oS E R ) an Leain,
hdthBGhRfod A2 Wi6nSto ABhieve Falifr AR 9gi\fosc’h &t AR ovel
¢ 1ol ) _ _ ntagonists, 1o
Appivachid dotie tTheatiledt bF Caseers WanRIhai A EayNol 2ot e
I nhibition of malignant henmatopoietic cell grow h,
es pethealfoNowinge desorpitiognprovids #1086 desailsy rMGEY ttd Gpecific
| eukem a and nul t itpl e nmyel oma. However, no nmention is
asprefd endfenebqshimentsrof the peisent ingbhtioor st em cel |
Oﬁgl atipons using Pl 3-kinase inhibitors. In vivo

AR ) (PnSfasPR BF e Presens igfrationndicpathwaygded a
meltF of P00, bR TR AR B2 Ggutaion of
t i9,eP, : hved:
oA LTS SRR, AR e Uepd B oL hettion i
effécekeipzovidingy HassibeestllySeith e ifecwhirgioabiition§tfbt Bevivo

since 2003. ni stein and di azen, isoflavones wth
celk pediferationy andi atetheksamas einieyhixbitvb ngroadding ithy ,celaveith an
been used for treatnent of a wide variety of 20
cifefitiverpeunt ol iunadalatas s R 13-kingsp pdstifit or ofasexpression of a

ost negpausal .syndrone, . osteoporosis and. e e
getle, RgeoNRec 4l 41 arShae therPbyddmoiit Wapa@gr and inhibiting
dif%?éﬂtmg%gisgﬁggaisg and anti phot oagei ng properties

or

a review of genistein and diazen see Cos, et al

Pl ant asM the?QR3theO8hASY “Hdin célmel%?@rsitgrﬁlﬁﬁbb&ﬂt Ells that,

the PI -3-kinase signaling pathway, and i1ts angi ogenic

giver tlectight gasvtheend2bnpr epoded]@stoarty edl ivsgetaegnt in the
for a _nunber of diseases associated with abnormal
orggaism frosn i wieichtthey veerd denivedog&he gibrase, as used drereiy, refers

evi ewed Robert.  Mocharnuk et al: | :
both %6’ {he earﬁgst Tenewable el 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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"First, malignant GBM cells pronote tunorigenesis via
spont aneous EGFR signaling. Second, EG-R ki nase
WO pdvislorgoor s may be | ess effective in 30 cert aP@I/ILRO®BIK000215
types that overexpress EGFR, especially when the
P13/ AKT WO 2004/ 078917 PCT/1L2004/ 000215 60 signaling
pathway is still activatedéby a PTEN nmutation. Thus,
e i R BEL e . o
e et a0 urally (TP, IS B bd Bpiviey
or ERIREAKT) Tndveill bé apFrdc’Eatﬁd,iiU tharto@t‘éﬂt\(ﬁtﬁeg)regéﬁw invention,
mut ati on. This woul d suggest the need to devel op
that,ndubite dheir afru¢iaBnaKabalic impaotareieophe dovarregulagon rafgRl 3-
.that inhjbit upstream (EGFI;L and downst ream ﬁPlB/ AKT)
kingpe sighak e natloways vallaratesrably be padiabdowmegulation.

control . " (Mdchaynuk et .al, Novel , proaches to the |
Tr eétS HsRd fe”égf\% gq,nn vﬂﬁ%@ggﬁe .ré%ﬁﬁ iERlatyrrdy Renqualized
f -CHAL i Bt i i fdes. no d ils.relating.

or e HEREE, Bl R R e L B ReliasRaSh ious

linédPe8nisi 8 ARl a of0 L REtRE €88 Bint
i:{ng\?gnt [ oﬂwfﬁgirog i's %%%{%é&g?é\%ﬁldﬁéﬁ%{fso?oex_ Vi \F/oée‘?,%pnon

herexpandls ngedritbréinhite torng dififérbarigivd & iddtik ffom maturation
popul ation of stemcells. The nethod according to

whidli i5 apiesess, althongh pemedimes avsecintedrwith cellf dieistayg ibwhich

rayi di the stemcells with ex-vivo culture

a SE%‘H Pt‘%egﬁgp? gratase (o gctippand ghen diesy @02 Megragmmedheell

de&?rre time, ex-vivo providing the cells with an 15
effective anmount of a nodul ator of Pl 3-kinase

act T Lh¥ras@r<cefl APafdiBhess LM Hégeﬂl togﬁ%%inﬁ) F’%ﬁ#@gﬁsaotp Lell

3- ki nase, thereby ex-vivo expanding an _
prodiféfagiog ngub@tan@ian?fs ddvded Sifecele alﬂféfem’i\a%ﬁ&ﬁedcag B uddifeo

phrase "stem cel [

é refers to pluripotent cells that,
expangem hhece ingdintagn ohedr calhdetdveals prapentiehewati ofret oftamymes

cell lineage present in the 20 organismfrom which
refeiied tolagre1es fopewablrreelishe.gs ecnesahle stenheelds.n, refers
popul at.i on

bot%ét o) tl@ earhi zst renewapl e . cel | )
r esPOHSPHINETSiB g &F1OR afT-HEyOc AFTers HRaaPTPReSs 1njwlaigh cghls are
. itor. _cells ich are
rerfOfR0 S0 4 DR EREL I EhRaRpRPIeT Sulslte I e fGh e
in @pedt ﬁ?d%t) I eadided BRYRI thd RrmPeeoi%" h?/\év%%f ks bBrefer to a
earliest renewable cell population: _thods o%_ ex-Vvivo
prozBsschy twhicingeHs d&mooel iospﬂfpa?at%f@ﬂﬁ Th-idr& SHEhOsd 9aGus cell
care well _known in the art of cell culturing. To this
linest (@&t HEe@D,f MElxdfnlle, ctthearcestltirodk 'SGuhtenlls pfoliferate
Ani mal . . . e
spontancously 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 a model
for demonstrating effects of PI 3-kinase on hematopoietic stem cells and/or
progenitor cells. In other words, cells expanded ex-vivo according to the

present invention do not transform into cell lines in that they eventually

undergo differentiation.
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Cells - A Manual of Basic Techni que"” by Freshney,
Wley-Liss, N Y. (1994), Third Edition, the

wao e@glofaygs of which are hereby incorporated byPCT/IL2004/000215
reference. As used herein the term™"inhibiting" refers
to sl ow ng, decreasing, 30 delaying, preventing,
reversing or abolishing. Smlarly, the term W0

204601689 thE - bivaogfdmoeelﬁ with c@ﬁmro@@ Uf@}t eLBivo cell

refers to reducing, partially or totally, th

prolifedaitat adthadd providing dhe exls egthi mutriehts asid ﬂ)reﬁ&ably with one
appreci ated, in the context of the present invention,

or méRgtcytelines, as ihBirthee datailet hertintaddrc i nportance, the
downr egul ati gn of . Pl 3- kinase, signalling.pathways,

wi 148 ﬁ?@ﬁ@ﬂeﬂbh‘%leﬁ@bﬁéi?:t panccaamte‘geﬂhafrp@ﬁmg ghascalisewith

condfigisavhiB AT foaerdrd Bt Sla gt SudrelifsPart te cevlfs re
shoFUEHORIRE or S51d. o FEHENY) LR E KPHISHA ald

IS a docu process an requires no her
ofpie§p_{ﬂa§§_| on herein. As used herein the term

differentiation is distinct frommaturation which is

a pnoresanbeditient gf tisoimyehtiowsedssiagithe ectivity bf BBBlkinase

division, in which 10 a specific cell ﬁ e mature to

is efigsted tanpeavidingdhe gelds widh an mogiikaterr ofgr seghat inhibits
th. Th | d h int
PT {1585 etaty vt e e T pRBRHS BRI subst Qﬁ't ally
d & f t | t hat
extahatsd ke rap e cianaPle, OF [dobairelintifE loperaese
actl@ﬁ?f &F §eRE LRBEERS *PersSifhh eh@ VﬂﬁEﬁ' i aBFen% v@n—

e.g., renewable stem ce used hereln

regtiating' o@%uppr‘é@sm%@ﬁ@ﬂ&nh@ @ctﬁiﬁ@fﬁﬁ%ﬁem ee}m ch cells are
renmoved froma living organi smand are propagated

outAn diehititoroofydii Bthmzfsegathﬂw aecarditg taldb)s. afsecusedthe
herein, the term"ex-vivo" ver, does not refer to

pregent ipyadion e ben er@@m@bktﬁgmmc@ J'ghgp &Jt%-kgmsy intrinsic
‘ R LI

actiyily ‘Ongy nIE0 iinfErL Btfclt Gurivif ik 4EBV itk S5 EsbrovsBy P!

kﬁﬁa@@ts gggg'asgip% giklkg I mwlgoag{g ngfélesflgﬂél ¥ b@wald) or

oth@it dib 16 p@ehwg.f}s W’Bﬁt&lﬁéﬂe'éf&cié@% PPPB J@Rske B vity.

"conmtted" (differentiated), not

undaédozdengt togiregensltydimvor embog&mrtt@ of ek laspeca ot ghdsent
and cl ained for the gresent i nventi on. Such cell

inVPmt#@s vepranangingasilnY 294002 agipsefeagd RlP-kinape indibbitorsy
5 g dndergo spont.aneous differentiation, pnd as sueh
present invention is effected by providing known PI 3-kinase inhibitors, such as
wortmannin, LY294002, 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 03072557, 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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for denonstrating effects of Pl 3-kinase on

hemat opoi etic stemcells and/or progenitor cells. In
wo@tdven7saor ds, cel s expanded ex-vivo accor di ngPCDII20@4/000215

present invention do not transforminto cell lines in

that they eventually wundergo differentiation. WO

2004/ 078917 PCT/1L2004/ 006215 62 Providing the

Corfy T4 V2D A Totilabnlf B Rl RRenfia 24, By L6 o)
whitbfd E%rsgcﬁ&?t zﬁf@%?erc?ﬁ’é PI3’I(t1thBPc8rs qrhe'@fe%uﬁé/lﬁp}gb&%ﬁs of

as Is further detail ed herei nunder. menti o

Ly2b20&} ngddéscritangodeiadnh M Biol. Kﬂﬁmﬁl, 19994)e26%R1 3231 1w5248.
5 conditions which allow for ex-vivo the stemcells to

Brigihyg! iE94002, t ke cghbrsetine destvatives emast rebatied 6ty  inhibit
Ion% termtreated to reduce the expressi on and/

phogphatidytinosigyl W@.Wﬁ%tonw 6‘W§lpéf &pﬁ@hpsmati%&lénositol
Jinv ion, I i Vi P - ki .nas i.S . .

3-kghye Bt gt g5 b 8F rencondtiors af whied by S0P by hibits

the E\ﬂ;ﬁ’bh{d?ﬁ‘g %ltéfb%‘mg‘ g'hésg ﬁgglghﬁlri] oﬁg ‘%;d;é?f ﬁgé@éﬁé %g;h’foer of

othegeAqu’lr&]ulﬁH Uit flesC ARARL g OPTAMRMASE IRGH rB&pdr tyrosine

ki nase  activify or gene EXDFESSIOH refers’to an

kinasge gitc-Mkd &inaisss, dﬁl@&bkfnasé pstovsin kiegsel At prgenr kinase C, and
suppressing Pl 3-kinase activity in stemcells. An
ATP&&@L bitor of PI 3 ki nase activity accordi ng to this

of the 15 pr ent i.nvention can "direc
fﬁiﬂ%“&pﬂ Wi CHYi Aty ?ﬁtlg PRSUS. |ERf{HER TP Fiths it membrane

o b 3o S0t SRl kbl MBSO Rl
b R0 SF LI fab i, fites %deﬁ%%“?r%&?%%“%hﬁwﬁﬁ

ot er signaling way's

hogsleatABlinbityl. 3 AGeedhAg Heen Moasgnb! p’hd%gﬁ@@late the 3-
enbodl nments of this aspect of the present 0

positrrentt orthe V\nndm’mhnlmn@n of L‘fﬂ@éﬂﬁrﬁm@ﬂmomcﬁf e(HIQad t@l form
3-kinase i nhibit one enbodi nent

phombﬁ&ylw@&mldﬁnﬁws@hatﬁ|(EI~§£h>e£8‘t’h1@flatlhfé %Kb%%iﬁt Nature 322:
664 o1 16r idkifen 36 ° Hioy thnriryily 28380200 nB SR pYate
pho%‘?l%éﬁ’c%tl% W&ol E?ﬁ%gﬁl}?}g%}ggﬁﬁgf)mk u}g%lgs;lft@r %,8 %sﬁhat& to

U -
proglﬂcdezgod)dgiéoﬁgl %ﬂl@sﬂmﬁl C3I|: Aﬁ-g?ég)‘lflo?}bﬁﬂté GAH| ﬂ@pﬂ%(ﬂ@&%@ﬁ@l 3.4,5

trisphosphate (PIP3), respectively (Auger et al. (1989) Cell, 57: 167-175). PI 3-

kinase inhibitors are materials that reduce or eliminate either or both of these
activities of PI 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 LY294002 having a PI 3-kinase downregulatory activity, as
measured, for example, by catalytic activity, binding studies, etc, in vivo or in
Vitro.

Alternatively, a modulator downregulating PI 3-kinase activity or gene
rekpression 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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i ncorporated herein by reference, and by the specific
Pl 3-kinase inhibitors disclosed in US Patent
weadsiiozsatT on 20030149074 to Mel ese et al., al SPCT/IL2004/000215
i ncorporated herein by reference. Phosphatidylinositol
3-kinase inhibitors are well know to those of skill in
30 the art. Such inhibitor® include, but are not
kinddendatghi¢ Aok R RAbSERE DiRENE 1Y\ OheRBY/IAE B ki
PCT/ | Lgt004/ 000215 63 Cor pl?g,i S |§j%cla| | f.}l)Yg Fha lanase
catalpti¢ mativityy (ISwgHebcCappiecaited ahougt,. thabsinge . 3-kinddieGb an
. are both potent and specific P13K inhibitors. The
intrgepiilaraprefesp angasuEesofire (takema 6o usar modukatoisbethichn may be
detajl in J. Biol., Chem, (1994) 269: 5241-5248.
deligeregk thyoughy thgsayma feankyans c b s desnegha fpgmented antihady

ol DL M L B e

SR RY ! _ At concentrations at which LY294002
ful 3’;5“?%%’.’ B L ATRohi ndi ng site of P13K, it has

no Thithtehint 'nyibey'eas uagdin Blis anvitdarinehude® M@t molecules
ATP-requiring enzymes including P14-kinase, EG-
as well eyst imctigmal sfragmeikts rtheeof, ssuchl askBalki Fabbs,, adAPv that are
protein kinase A, S’[pr otein kinase C, and io0
f

kj hase, . pr ! .
CapAfTba%%bmémKw@Cr@hagpgﬁ hepe dungiional enbedy fiagments are
iu i s menbrane perneable, has no significant

defffgcheye)

and at concentrations at which it
i nhizhy t f _P13K fam.ly, 1t has no, effect ,on,.
ot hg?&s ﬁ%ﬁgﬁ?g%l%ﬁg I \ggéi%e Sc_o%%g% phatiody ValeBt gnjfgen-binding

fra@nkht86 @n ﬁﬂ?oo*a%r_eﬁﬂ&tﬁgfi éaﬁlngegtﬁ&gﬁgé@p% ed%l?tligﬁ aFPwhole

position of the”inosite _ ( hat | nosito
antibBly with ther enzyphoppiah it yidldegiihelt ﬁéﬁh@ﬁeﬁﬁ &€ d Portidi) of

(Whitman et al.(1988) Nature, 322: 64-646). In
oneglefdiviyicbaing o Pl, this enzyme al so can phosphoryl ate

h i dyli ital 4-ph hat d
PhaZBhattedPEReS! o812t 2BU e odsRE cthet caprbeabesined by
i dyli i tol 3, 4-hbisph hat d . .
eGSR AT BIBDRTRIT GBS o s
1 j | 1 t 8 ', . - :
g RIgRFRI S Hork O ET e nckly chid Tho ¥l fipbiontf frd Sgpned

perehtibbdah®laiuldier or both of these activities of Pl
3-ki nase. ldentification, isolation and synthesis of
suctFab)phihiei fregments oflitlse hoskeldy that.c@n Rabbatindd by treating
6,413, 773 to Ptasznik et al. The phrase "active
whejgrapfihedy with the éngyms penginsyithentsnhsequent weductienidf (ab"), is

a dimer of two Fab' fragments held together by two disulfide bonds;

Fv, 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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25 wortmanni n or LY294002 having a Pl 3-kinase
downregul atory activity, as neasured, for exanple, by

W@ 210al0yoit activity, binding studies, etc, in RCWIL2004/000215
in vitro. Alternatively, a nodul ator downregul ating
Pl 3-kinase activity or gene expression according to
this aspect of the presentéinvention can be an

aCting Lo Pl 3 kKi tibo
i ot P PahE M TR Te MBI AR baa ee for
d?%lle,l ERQRAY Q02 e, Mntibatee Aal dhorhtdry AAARAA), i
eXsu strate binging esi te, thereby inhi mi ng Péfl’ gtf(l%in%%réng
Hadmrdlaporatorg New fiork,| 1988, incobporatl lewtiattgohe féreaseh,
that since Pl 3-kinase is an_intracellular protein
neadutibedy frgmenenacordiag tavihalpiesans inwdntionnean be prepared

delivered through the plasma nbrane.. In this respect
by EPIigREel SOl OB GRBAaR IS (8 e AibineeighRtcT ovary cell

ri ' i cally enqi peered
cul 3% LS e DB LA v, IR oo B 85508
inAﬂ"'\fﬁ;@ﬁ' NsTo] TVTo) e ec S
as fujﬁg({)?}rﬂonal férﬂgsgr?e&?}tﬁsé fgﬁtg?ggf@ﬁ@%ﬁa%&] E%%%lﬁléj(lg%tgoﬁ of
whaldaritibddies barcenvediaial endthody. NHon @xAMpRAGHERHAY $agments
These functional antibody fragnents are "io defined as
carf b¢ ippeduceRdly, endymadticagemvdagevdfi atibodidsaiils papsinnovabeite a
nti gen- bi ndig?ﬁ li)'fra ment of an anti body nol ecul e, can
d

>S g denefedy (ab'yeskins fragmanh sp be duthdrodgavidtusingne thiol
redBRE BRORY ndaSitely” e neloRnRS ey Tor i prBHERI wpups
. 1 . . B t .
N T i
frayinehts. anliephablely, 40Bh- GRS BAdage RRL ?ﬁésgﬁ ﬁggguces two

eavy chain; two Fab' fragnents are obta
moanvaleodyabiofregmkrts difdabn 2, frapmeht diyeely. dfhekb8nethods are

ant i bocdty that can be obtained by treating 20 whole

desgabrdodPr wexamplee enzGnbiepbprg, nUnbt Rast Nobsdgiiem®45 and
43h$ (‘7tion' F(ab')2 is a dinmer of tw, Fab' fragnents

SRLUF 7t ot nEECISPCes T uianed i HhereiBndwhichy DagRitts nake disreby
. ' I hee f ragment cgntai ni ng, the .
incBEARLERS) BB BB BT o0 BB 0 . .
731 B9 976,09 o O MR HENRI IF GXRES 575 Mes, 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 commercially, 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 Vg and Vi chains. This

association may be noncovalent, as described in Inbar et al., Proc. Nat'l 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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two chains; and 25 Single chain antibody ("SCA"), a
genetically engi neered nol ecule containing the
wao 2004a89¢7 r egi on of the |ight chain and t he varCHII2604/000215
region of the heavy chain, linked by a suitable
pol ypeptide linker as a genetically fused single
chain nol ecul e. WO 2004/ 078017 PCT/1L2004/ 000215 65
f ' epdr in 4t .
B e, L T s (RS A (R VG chajos
cotuaotudaiyos peplideihkerColtsSpinighgchdia fahﬁgeﬂf BRRNAE BFoteinbEYFy
York, 1988, incorporated herein by reference).
or AsFvbedy frepapednby constmdiingy a strubergr gerntconmprizing ADNA
can be prepared _5 by expression in coli or

E
seqygRA FrAedeng e Ve 4id Ehidesaanhsasrestedbarap elgonucleotide.
A e e S BES Hep SR ey
. . . fiie SRR |
iR BRO S, B0 Ot 8 e T R st cons

syRédiRO8 ¥irdl A GORMHeptide *RaiiewRh QdlsIeS ;kapﬁ%e%@tigg the o V

cl eavage of antibodies wth pepsin to provi
dofaigmeviethdels doe grddueiig) FvsTdre sleberdtaste for exdinple, byWhitlow

cl eaved usi ng a thiol reducing agent, and optionally
an Fopalek Megheds 2p H7et0%,HE9 uBtIﬂy&jmaL Sgrenop 242423426, 1§ 88;

pogh B BV ERSaBlodh EONEAT 7 NS RAR Tah T & 53 o
L e , q H
i s T e Ry B R TGPt r ect 1 .
o AR 1080 & & AR08 SRRIP il o g sinee
co%ptélm@ﬂ@ﬁt@fmémﬁﬁﬁ{gai Agdoh NQUPIR). WODRY RRPAAES @Rinimal
ereby incorporated by refer ence int hei'r entirety.
recBgnitminsunifBd) tar be Bbtahed By oofmtructidg genZ8enddBad 6 CDR of

195,2. O her met hods of cleaving antibodies, such as
an gaHAPAY iobrintsrestnedsh Eprgsnaretprepaiied fwmevaihplst by using the

po e P25 TR LS00l SEUBACGRS, i o
3 i : I b | . the,f t
R BEE TIR, S8Ry S0 S DA DT B

10ammdibody. Anti-Pl 3-kinase antibodies are avail able
commercially, for exanple, nonoclonal human
r ecntianaretd fomtis- ¢ n@x-kimasge(gh fBurige) antibbdies Sa¢ chimeric
Diego CA), anti-Pl 3-kinase p85 subunit human
m | ohanmymoghdwilies, 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 non-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 (donor 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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25 (Abcam Canbridge, UK and Serotec, Inc), and
anti-p85 N-SH2 domain nonocl onal antibody (Upstate
w®r@setdnol ogy, Lake Placid, NY). Fv fragnment SPCDIR20045080215
an association of VH and VL chains. This association
may be noncoval ent, as described in Inbar et al.
Proc. Nat'l Acad. Sci. USA 69:2659-62, 1972.
gené¥al ehBafunyflized dlithodsrwabtemphisé Bsbstantiale 411 Bkad 1Ay S8,
an i nternol ecul ar di Sulfide bond or cross-linked b
andaheicalinbso svartabls dM@aRB0# AHREH1all S Fubstaadiaty @liosXlhe (GBR
gl utaral dehyde. Preferably, the Fv fragments conprise
regives agairagpond aion shoseo ah et tean-byman pepmudeglobnliar andrredk eor
si ngl e-chain antigen binding proteins, (sFv . or scFv) .
sub&haaf%@lhé@&r 84 @9 BR et Afrg thosst pTick BirmangiRgunoglobulin

conprisin sequences encodi ng,.t he VH and,;VL .
congg EIRgHRe T By S 0% CBBET g A1sd Tl Comprise at
t Y-S e : SSJ
e B A B SRR o
hunSMe Inasinbglobalih [JIhe dted oNpithrnB2ho3n-58 Ll@%?; Riechmann
synt hesi zé a single polypeptide chain with a [inker
et gheNatdee, BBREFI3AP T (D8 amd Pdestai Gurr. Upt bddst.f Biol., 2:593-
6S‘éoduci ng sFvs are described, for exanple, by Whitlow
596898t pul a, Met hods, 2: 97-105, 1991; Bird et al.,

B TR dob g5 Abe FopumEesatndes di syelbkngpn in the
: - 946 ' is._h i .
art o onsr @i b ot el o Rpbrao RS Frtif AP hidites

intr@RhERPRYo (¢ RGRBN oure &GP r%-ﬁ&ﬂbl?%g%ege ﬁc%%'}ﬂﬁia% amino

conpl enentarity-determ ning region pepti des
acid Tedidia¥edre of@@agfriddotn dsninior) réseducbevwathadraatpiylly taken

constructing genes encoding the CDR of 15 an anti body
fromf an mnpoxstariablec Hogeine s Fameapratpar eah bé @ssatablyl perfdyned

usi.ng the polynmerase chain reaction to?g%nthesize t he

follpxring Hhemetindopt Winter R cor worksrs blogs st aduliphge.cdl:a22-
or,.examl e r{dck ) Swr2; 106-
525 608y RiETRT St DR o SRR b T8 oY TBREHE) al-
: | begl I hi i S
S ol ol e, U Mol oBuy Rang: rdlent CDRs, or CDR
sequbteRdbr tHesttbespdniivg seabendeddf.a InfrAdh htisdyOt ReEordingly,
anti gen-bi ndi ng" subsequences of anti bodi es) which
suchomtraamzed ahnbddise qreeoltienatar anéebdiesofty SoahuNan4,816,567),
i mmunogl obul i n.. Humani zed anti bodi es i ncl ude human
wheseir, sgBsteptialiyndess than an intact human variable domain has been
substituted by the corresponding sequence from a non-human species. In
practice, humanized antibodies are typically human antibodies in which some
CDR residues and possibly some FR residues are substituted by residues from

analogous sites in rodent antibodies.

i

Human ;fffi:l)bdies can also be produced using various techniques known
in the art, including phage display libraries (Hoogenboom and Winter, J. 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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reci pient antibody in which residues forma
conpl enentary determning region 25 (CDR) of the
w0 e@ispisomt are repl aced by residues from a CDRPOF/II2004/000215
non- human speci es (donor anti body) such as nouse, rat
or rabbit having the desired specificity, affinity
and capacity. In sonme instences, Fv framework residues

f1y- [ RN A , e .
14’)3(1)2'? gg%pﬂ% 2] non- ﬁu%n r _edsnl ¢ uetge_.: hﬁ@l&i&n‘ﬁ?@é‘mng of human
im@RhbPRBURE 16 B0 EARBES € ahiiIgy ees.%.‘,"hhﬁéb e WitARd the

neither in 30 the reciprent antibody hor 1n the
endogeaote dirGbRinopldbudine venks shavenbesn  bartidly2QR4/@A8AdEly
~ PCT/1L2004/ 000215 67 general, the hunanized anti body
magiivated.ongpos ehalitisgea itunzdn gnitavddyopraaiuctiends observedandiich

typically two, variable domains, in which all or
clogelys rassribles ythat | sesn imehwprns riggiabindesnscksespishuling gene

t hose of, a_non--hunapn | oglohulin.,and all or . .
rea 3 Emibe IR, BRF BB ke TS apmselh i dgscribed,

h [ I | 5 n T .
ForPURARIETANTO Sl b SOREARRLE SEEUBNISIGaTR, 525,126
5,638a19%5; 8,4¥drd iR AnAfin dRe FATBHAAG!soRukiT (RBIRhBHES: MLt al.,

(Fc), typically that of a -human i mmunogl obulin [Jones
Bi@ ealinglogiat 10,e778283 5@D93 25 LohB&) et RilecNamire 368 $86-859

Nat ure, 332:323-329 (1988); and Presta, Curr. Op.
(198¢h:ucvlorgiasl, . Napurso 36858 2¢ 1D oh994)1 FinkewHddst f ok, Nature

. hunmani, zi ng ,nqQn-h tipodies are well known in the

BGOSR 4 o5 P Deubsreer ayapirh diosenelosorh $26
b ci ' i nt rpduced intao j source

(53 R0tk ShERHRARE 1michl 80 Finlh b Wy

res 0 r Q.a$, | g s -

e a0 AR | R spEdfS DF SR, present
invéntien tan Hiereffeead ignpeaddibg tBe sentivalkchuRer ftemnedis1Rith a

followi ng the method of Wnter and co-workers [Jones
mogulagpr. caphteuodogategtRing5PBI 844865k, ackivéty furmnrexgpiresaion of

Nat ure 332:323-327 (1988); Verhoeyen et al., Science,
2 g pygadingse Plosdynasepyihe ymodnlaten seleeisdefoncoike group

o S0 R 8, PRI M SRS e

pot RO YReclt BRI et ARl Ui oRAhan I8 ranceri

endodi @€ tPINGOBIRAYAT b albez s Bl MichagspReBEnllyS eRabES utied 1BYase
the correspondi ng sequence froma non-human speci es.

trafgerippy, astding seduenens zad/cantrohadéresleatentd, v si®NA fholeenle

anii badi es .in which sone ) )

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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CDR residues and possibly sonme FR residues are
substituted by residues from analogous sites in

w0 owent89ant i bodi es. 25 Human anti bodi es can al BOI/I2004/000215
produced using various techniques knowmn in the art,
i ncl udi ng phage display |libraries (Hoogenboom and
Wnter, J. M. Biol., 2282381 (1991); Marks et al.

J. Mélsrgn%f‘&nﬁser?s%?méf&ufe% 9)%1@1 ca BE us é@?&‘@fiﬂ#&g ﬂ‘nfhlblt PI

Col e et al and Boerner et al are a SO aval

3-kihasepegmessidr nmust bé difores Whﬂ@@oﬁﬁ@bnﬁ@&bv@%@&sﬁ oftant
et al., Mnoclonal Antibodies and 30 Cancer Therap

to fhieantivense; approash. The (rsi8Bpecind dBbheenyearf the ohgonucleotlde into
| mmunol Vg 2004/ 078917 _PCT/ | L2004/ 000215 68
the, ayippiasigenioe appoaryyate sels, whily mmdcﬁépe@els rfh?d%nbfyf an

A B B

W ?o%%ﬁet e#ﬁﬁl nact | vag lﬂl ItH pgﬂeits%ﬁf\ﬂglﬁ% egﬂﬁaﬁfﬁl bt %58 in
co@ﬁdcﬁ@ﬁ)ﬁnﬂrs@ﬂﬂﬁa’siso@f bBg (S}ﬁﬁz?édfﬁl@s \Mﬁzl‘f @g@mﬁl:é’l b¥nd to PI 3-

resenbl es that seen |n humans 1 n spect

kiriane MRINAg ggemaic DX r;ﬁﬁgﬁm@ﬁnd/@&ﬁﬁﬁbédmro@@éq@}kb@@fiﬂ 3-
repertoire. This ag proach is described, for exanple,
S

quaﬁe aresavalgble Mppub Ifﬁits]?laﬁﬁgnﬁsemlﬂglﬁﬁﬁie Eecﬁleﬁcﬁzkimcludmg,

5,.126; 3 5,661, 016, d the foll
bug SRR [fabORaRER At aIes 1is: ak'32 768, (hagto Eogyna

o 0 SRR ARG o s SR RS20
IFL SO (Bl o o P phpaRoLagle B B 10 cote

1so(fdr&%}1nd Séﬂbﬂgll gh pUBF BEta iSdToRAN.- Rev | mmunol . 13
65-93 (1995) ternatively, the nethod according to

t hi $hagpiertarbteaches pf eseumber DY eklivery sieaicpies afliiektad be

gv; di.ng the ex-vivo cultured stemcells wth a
us‘??%t@ fagsntly BB@@%OM@W@Q& i ianwids varie: &f erdbtypes (see,

oSSR L5, ERARACY 309 BB 950 e 5 croos

Bl&ﬁﬁs)l%ﬂ ngs0kr 2k HP L élor 19§Z)D | §9$I'é,ggg cal 3(@}'&35 40;

activity, an anti ense

Lasigaeict b Ql@%gfﬁ’ﬂ%hé&h@i‘@%hw R'és %nﬁﬁ!}{%?tzﬁgag Eﬁﬁll a}nd Aoki

encodi ng ki nase, a ribozyne which s I ca
et | @983 BE!I»Ch@HkBrcqﬂg/s Ras@mnmmtﬁl(@pdﬂOQ)sequences
and/or pronoter elenents, an si RNA nol ecul e capable
of Imaddifinn, degrituns fonidshtifling thoseamsaquencesseith phe highest
A f NG TR
predicted b finity 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 oligonucleotides 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 model
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whi ch specifically cleaves Pl 3-kinase transcripts or

DNA. A nodul ator that downregul ates Pl 3-kinase
wezxpres®ion refers to any agent which affect SPEI/1L2004/000215

3- ki nase synthesis (decel erates) or degradation 15

(acelerates) either at the level of the nRNA or at the

| evel of the protein. For ®xanple, downregulation of
B R S AR & BTGB 8 PR p}30) im cell
culblrock dvaRiatédbs arkiptiio POR tddhni@rekprose enBdive @i alrﬂ@st all

translation of Pl 3-kinase transcripts at the
cases,bumbuding testn dinss efireec doffetieny targetshirs tawepedt tgpest math

present invention. In one 20 enbodinment, such

ph@phg/éwater and ph@;@@@ﬂlsgﬂw §bﬁ@1@1¢éwtg§fﬁlwﬂmme§les

2004/ 0 PCT/ | L2004 5. 69 .

- o1 B At QEon, et el BRACRes JoT &e@emras 41%#» Flfipncy
of %Rg 1ag;§101 n% ngn{lgﬁé GB} he a tggsﬁ%% % %%.ﬁ;hgged

(Mfatvret%{/a aﬁmeqmsa mtmembr&%nb!ggw% ganucl 5*).0' xbﬁfp@es of

the cytopl asm of the appropriate célls,
antisea s thodasqubet whﬁ:hd@&lemeﬂfdeﬁmn@tr@tedgxapublbeﬁtdodm vdgummg
specifically binds the designated nRNA within cells in
thea ex\pa@ssm of iRihibkinase r ares|thei ¢ BHeiness . sp@exﬁcermﬁmnse
sui tabl e for us constructi or%pand synt hesi s
I

oligiigleitiesofs s e@hbﬁhl\@%)@c@ﬁ%la [sinal oo @i4186:631-42),
d/

T R T AT A

i s s % 05 BycheOt i SeqUSTesRy NSk,

incoRpurar dg@mbgq@f@éﬂdé c subunit); NMD06219 (human beta
subuni t 2647 (human class I11); NML81524 (human

p8SSa¢q:rth]smnbaﬂntﬂa)ls hh%dﬁﬁm(nhimmd i), frakibdlity and activity
|soforn) and S67334 (human 110 beta isofonn). The
ﬁlS&PS%noilg%%ﬁ@gd%f ar auaBRle, entistaise wigpnuelpali desi wtable
n b ed to effici

for§fip SrkafiaPucT bler Tavs Beem e Lt Yo Haliund,g at (1999)

Cof S, FPISATP (LATEsSEO%80 Dok P T Rl

maﬁ%n@‘wfz%%ﬂ%@ls%a%% SR B okt o

2 }amldepﬁei@d cle:ltucal tridl4 99d) hdd bedreghBivapbyse Reisrdt@ynpatients
231(32 540-5). 20 In addition, algorithns for
[Geran (9PN GurhOpin Med Uber #8)@WITh386e hi ghest

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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predi cted binding affinity for their target nRNA based
on a thernodynam c cycle that accounts for the

wepergeoits of structural alterations in both PEEIL2004/000215

target nRNA and the oligonucleotide are al so
avai l abl e [see, for exanple, Walton et al. (1999)
Bi ot echnol Bioeng 65(1): T19]. 25 Such al gorithms have

ribd2§8fRe ﬁdﬁl@ﬁéﬁ frudedytherarb ! OYRii!)otz?m'emhﬁHEl%t foRNiseil {hRERREent
appr oac )

in cells. For exanple, the algorithm

inveteical apefdrthyr d¥sctibed heteiabelowndiohch sboenhe séqudnle can be
successful ly deS|(%n anti sense ol igonucl eotides for

readifihsinthasited usingsolid pBGE digannelgede syrshesiecr osi s
f | (TNF al t ts
cdisclongss r@f‘g%ﬂeaweéﬁgf’fpr e dpaciamat baeprseent
t t [l |
N R e ——

IihL 7 (hHu I
kmﬁghr ér g(%gﬁaggggiﬂand &%de%gr at” gpl 0)&| E@@%lﬁﬁs F¥mheSIS'
Eqﬁ?m%ﬁﬁhﬂ@tr@ékdﬁrs forkéxeehitifig BORIphaba s tittBesis QY@ @ommercially
fective in alnost all cases, including tests

avadghblensont, Hoe exainplee nétheﬂalngsymms t any athdr mymess for duch
phosphodi est er and phosphor ot hi oat e ol i gonucl eotide
syngiesis Bey |ahs@ bgemplagd theoaﬁtuzslesy@ﬂmsapfp adigenuelgptides is

i,gni.ng redlctln ffIC ency of specific
we I"‘flﬂ‘gﬂ B l:,esdgl *“? AB- system were al so

D b Aok %éfo%lé’%iﬁ %@%ﬂ}g "Wk tiolide may serve as,a

subdRARCHH &z e§ taPavie &eaea\qggggﬁw -phed srapRiAl- ’RNg{ hybrids.

down-regul ati ng the express of PI 3-kinase are’t

AnRkadpld foasacls petiddscRiaid HendécH B oddlitnugldeatitldes which
descri bed by Mood et al (Cell Signal 2004; 16: 631-42),

cledres othp ok Nire dtrhrd eifnarb RI¥afI2Nén deplehe Aptivdtion iafnRdaseIH,

3- ki nase- spem fic antjsense nolecules is disclosed bﬁl
thersfarer hrliin glcavege PAthnRING: tar@emtherﬁbx)greaﬂy enhancing the

etk QECaTeiuds BT B one olie oty Ghiauently
coﬁi‘iz{rhﬂ' el dsulle cQfl oA ?&? %ﬁﬁnﬁ’&%d aeMUG &Rt %%nu%%}[oude% when

e, antisense oligonucleotides sui

chlhfeﬁ@t MBRgofcl€anier hRve ubeen sopesdfl Uld y Mﬁﬁ,ﬁhorothloate
(Hol nund et al. (1999) Curr Opin Ml Ther

deok@‘e)lgmﬁﬁ)desmurmhzmgao nensamt thewarediogi dakavage of the
nallgnan0|es via antisense oligonucleotides targeting

RNA faBetgeaiiebe porginghy detectedoby gal elsceprltoresis mindalf necesgasy,
assg&atef& nuclPeelce acf?ﬂxy“t\)%dtizankc))% tte&n?crlgetselmOWn n eearrl{ S

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

invention are those having a length selected from a range of 10 to about 200
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20 [Gerwitz (1999) Curr Opin Ml Ther 1(3):297-306].

More recently, antisense-nedi ated suppressi on of human
whepanzase gene expressi on has been report edP@DIL2004/000215

i nhibit pleural dissem nation of human cancer cells

in a nouse nodel [Uno et al. (2001) Cancer Res

61(21):7855-60]. Thus, the’xurrent consensus is that

bageg G Bferalfy al50PsEBAges] tor8 réfeflly 20-10#PbaRk]
tegﬁnol og¥ whi ch, a5 desc?irbgd Hajl}éove, have§1 lzl‘ggttsgretfﬁrgbly
20g9€rmsed.i on of highly accurate anti sense design
algorithns and a wide variety of oligonucleotide
del The pligeyaclevtsdeserfabe presanbinyenton maysionipréss lat¢rosgelic
t.o design .and inpl enment ti sense approaches suitable
nu‘FIS?Slg%i/\?ﬁI@g%]Inﬁtqfd@més@ﬁ rad a?%ﬁylalﬁngll%ﬁ% cgcppsledag a3’ to 5

Ph??éﬁﬁfe%{?ﬁ?iéﬁ%%f “rhe anti sense_sequences descr | bed
port TsBRY fs3tqidbibiied bl Abe MORELd in ciher byckbone,

intEnRERYERIE 1Stkdoa®lof Ha8ks, Useisi Brohy MsREBEd heldM&MdroNSuch
are further described herei nbelow. Such a ribozyne

mosleiersons confteatintes ddeiliyats whigbasclzetideiaptale aad irdsipivwiseto
. ol iﬁonucl eotide synthesis. digonucl eotides designed
ntepeeBular agndifonhe teachi ngs of the present 5 invention

oy SREafE Sretini el holsmieotulsd Mosisl apsiing to this

B SRL Sy Bent Y RIS TR 8 i

badlyBHEs Gr%drynaﬁyeaiih?é%hﬁclééﬁm? ¥ S%a@ﬂﬁo ORRIHARY having
h éc S tnh esi’s may

Bi osystens. Any other neans for s _
madied beackbphay eckluddethasd ubht s¥AiNesighodphdfe atom in the

ol i gonucleotides is 10 well within the capabilities
bagkbopneas Kisclasddiin Wite Ratents Aosaddidyid8ald 46y86h 4f76,861;
s B3I AT TSR 23 T0basSath Gl MR e 17
R B SIS Srlor i e T R RS S8, S2Tn6 adkd 16,025
R D A S B RN TG B S8

and Bgnstnsogreat |y enhancing the efficiency of
ol 1 gonucl eotide inhibition of gene expression.

Conbedered | modifednphgaimidestédu lbaskloames ofriciniebefor example,
phgs%th%ir(?t}elijoa\{gsf " slggirrgler oi){lgs%rlll%(rjcl)t%)c}aitg,es mgigsphorodithioates,
phosphotriesters, aminoalkyl phosphotriesters, methyl and other alkyl
phosphonates including 3'-alkylene phosphonates and chiral phosphonates,
phosphinates, phosphoramidates including 3'-amino phosphoramidate and
aminoalkylphosphoramidates, thionophosphoramidates,
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 5'-3' 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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chimeric oligonucleotides are used, conpared to
phosphor ot hi oate deoxyol i gonucl eoti des hybridizing to
W0 bw4928%7 t ar get regi on. C eavage of the 20 RNACT/Hr20@#000215
can be routinely detected by gel electrophoresis and,
I f necessary, associated nucleic acid hybridization
techni ques known in the ar13 Chineric antisense
haphefisl smothetdle hBVEBANMbohEY B LRV f 5
P conposite structures of tovvo or nore o ?3’3&8‘@@0 ﬁldaelg,yl or
cyatoalk§i edernatiegsidsdirfapbsagixedshelevaidhendaiRyCor cycloalkyl
. Representative U. S. patents that teach 25 the
intgrneplgpside otinkhges,chr hohe i dr smoret shoes  ¢huih utleterdudmad €or
not limted to, U S _ Pat. Nos. 5,013,830; 5,149,797,
hetsropyplie gtermiclenside7snkages 6 4. hevs ingude thope having morpholino
. 491,.133; . 5,565, 350; 5,623, 065; .5, 652, 355; 5,652, 356;
linye (155800 38 b dFPt e Rigah HALtind Q) A ipleqpide); Siloxane
badkBeREROT. by, enges Fgon tides used
a acco?ééi nsglht?(ge’t hslugﬁge(fgoeod r‘r'en%algcgl%t ﬁ@%?’gggsm f%%acetyl and
thibfoy@aedton aaekboRge hauiem | enghdbopal eghed fiaha
range of 10 to about 200° WD 2oloitbebl Cahe tidHhfaceryl
badkohes; 200alkeiX) 2 1 Gonfazhibgs e hapkbddsabl wulfambhd bage&ones;

more preferably 20-100 bases, nost preferably 20-50
mefpdencimme  oandyonuethytanielpdraninot héapkesmst i sulfoateon and

C ri heteraqcgycli c nucl egsi des consi sting_ of
sullinpide Bakbens: gyhddibaskhancsagnd othe duing mixet N.od, S
' 0 | ester,.l inkage...Rreferably

b CHCRIRIBHP B 2 inalGeB% ar Paf e B 5€Sos; 5.166315;
0Re),14 191 S hak . ' )
R 5 ey b hr il oo s ar e Fonadiaas
5,488 0601 5155, 7 19,410067,08,1808U%] 614 dR)7HBL e BNG; 596 086
resistivity to intracellular conditions. 10 Spedifi’c
5,68%8rp) 85165285, S1G012240; 5,6 QR04E; £610,088; SIBeR 704; 5,623, 070;

5 R ol 415 BB ON A 2o Hesd ST ng nodi 11 ed

O QR o BEDHRES {WBichn G 1iee B5Gh kBRI (i cingBresent
P Bk TheBed R TR e R b B B THRAEE .
Ot R, B R
uni®, 2INaidainsd 399 c6mplenferfiborD38th BedipbréBate pARRIEDIide

5,466, 677; 5,476, 925; )
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 containing 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 include

base modifications or substitutions. As used herein, "unmodified" or "natural”
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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
wOore@is0789d7 ol i gonucl eoti de backbones i ncl ude, fRPECT/IL2004/000215

exanpl e, 20 phosphor ot hi oates, chiral

phosphor ot hi oat es, phosphor odi t hi oat es,

phosphotri esters, am noal k¥ phosphotriesters, methyl

bagusdnelutie theapisyhe baxes 90BHIABYAY ahf Guefined 3, aid ki ﬁmdine

phosphonat es and chiral phosphonates, phosphi nate
bagssdhpiarea(i)d aytesiner(€l) wdidngadil (Eji Modified rbhmambﬁmed)ut are
and . am noal kyl phosphor am dat es,

not h%ﬁ@dﬂﬂ odsrsyatictiarad napgak basen sadtkss pivestbilsytasas, (5-me-

B G PO AT
{

o O S PE of RUE P H R L8057 e

alHy@ dRrivatived of adeninkCami ghani ¥ag;tﬁ§§1r§(ﬁ LS thiBtRing AlddS 2-

d free acid forns can-a d. ’30

ﬂuébytesma,t Bateal ouradid dindli osihd: g@i%w@;bgggl helgcibagl é,hzo
do not include a WD 2004/ 0789 /1 L2004/ 000215 73

mlommms and ahymires, ef-uravaly @seadiracids 4-Heaowacd, Bearateds-
%/ g {Q@ g1 in al kyl or )icl oal kyl i nternucl eosi de

amiigy ageiol, fithioglindt Srivalrow afﬁui athey| 8@ub%5t@kedaa¢@;mnes and

gu%ws%b%ﬁn%'@gﬁqﬁéﬂéﬁgwam Srig qe?ém”@af%@"” Tilibdituted

%dﬂﬁ @gg‘éft? or r’re 5’;@%%’1% om ﬁ%étg g plh 0{3 %g%arm%e and

8-dvdelennd dﬁﬁeaz%'gh@%lﬁeeandbwégﬁhﬁémn%%d @l%ea?%érlfaﬁiﬂed d 3-
and sul fone backbones; fornacet yl and nmacety

detvaokbones; oty basssf onciadet thos@ndistlosed oimmeg St yPat. No:
backbones al kene cont ai ni ng backbones; sul famate

e oribese diselorsd amdihe Goneisel Fnsyblppedieh98Patymer Science

kbone | f on d. 1o sul.fonan de backhones;
HEMBEaRHOMRES BaRIS ey, BTSSRI ng: s cda Jin VIS s

19%@??&@&?@%&@{'%@%@%}?' > ed Inrgggf %e&me Ir'}lt%rnatlonal

B 5 A oL £ A
Arfiisbfise, F5¢arbh 59 086plica?iod?2; gag@s BBID, 2890ke, S. T. and
5,602, 240; 5, 608, 046; 5, 610, 5, 618, ?04 5, 623

Lebh@@ B 15¢8,, 66RC3PEss 51893, 360ch HasH7 are3partanthrly useful for

9,
mcreasmg 4he 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, 5-propynyluracil and 5-
propynylcytosine. S-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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O her ol igonucl eoti des which can be used according to
the present invention, are those nodified in both
waegan7sant t he i nternucl eoside |inkage, i.e., PCTE.2004/000215
backbone, of the nucleotide units are replaced with

novel groups. The base wunits are naintained for
conpl enentation with the appropriate pol ynucl eotide 20

li tiddn Suelpheiefiey i ' b&ipid mojeti
oligamngddoti aiimhéicfied iidlede dt @kd GO0 lﬁgfu Pl\l'}gj %pAd Biojeties

m nmetic, includes peptide nucleic aci
suchl asgo shiclestsrolduoiety, mhslit acat) aothigthers beot hagl whefflthiol, a
.t%sugar- backbone is replaced with an am de
thigs eStetiohgam Adbatie cham, pantdedecandiah or undecyl residues, a
bases _are retai ned and

PhePORE L Felrn S TRai e §F HewTimmORBger,2-i-O-
' ' t 25 backb ited

e QR A 50 ASpRRobRerk s uaPactop PEpSanitl Sl
! t i -

B o35, 0 6% 1% sl O, P oquhi e or

hexyimid-sarbeng oxyicholsResiabgsleRy dseiipicenes. iIQID‘SF] Pat. No:

backbone nodifications, which can be used in the
6,3p%39ént invention are disclosed in U S. Pat. No:

6, 3103, 374. A gong)gl eotides of the present invention

may'tdP S0t DREFSIHY B0 ablapesifiern M @ &iyeneligenucleotide molecule

to B ARhbeity §ii66d §38en A5 Cotire Sk ppscati e lpremaioned
° naft : PR 218 7iproages
oSS s DY dRTORAEE I R DRRR Py Sl BRETRE %y @ Bingle

nudeskidy adihin &plichdiiédiRig, bases include but are not
limted to other synthetic and natural bases such as

5- Ny indyifesinne (RBATR s @t arortiierdippxydeht hiich@ahasl Mized

é}%m hi ne, hypoxanthi ne, 2-an]inoadenine, 6 5 nethyl
by thisdPresend inveantipn tespesificaliembabit R SAiinasearRIN@Umérfgence is

2-propyl and.othe al kyl derivatives of adenjne and
a t‘@% g{?P OCESt I‘W&E? g%'ﬁt stepp vmchoisrigrmerd aw the ipitiation step, input

j - 0S De, ouracil,a cytosi ne, .5- yny.

GNP HAE o BT RO N
probibyl§ tietheSrcioacdf DIRS i | i ;

8- hg}'bg;’s 8- am no, 8- t’%%??{%?t&fgi o%m#sqg%%#%%fls%é
speoifiverib@mmikdests, twitiel paserieaglaands | GRANHRRSA TP 1dkRdent

particularly 5-bronmo, 5-trifluoronethyl and other
mamegy h3eGaestisd clanvags kesenndlegyadesiheeRN A7 tordOHYI ppahiphexes
( @\'ig 7- thﬁk?ggeni ne, 8-azaguani ne and 8-azaadeni ne,
SN Q- a525UAHP renWraotde 3 2 oxerbeng s Hlnfvagaerdend Zguwan 62002)

n - eni Furt her i.cl ude _t hose,
Curfy g)c‘ﬁgs gg&?‘zeﬁﬁ% dd g%?V.eTWems?g?%%s%g% atﬂ%o@@r%ﬁt%lel 6X¥H)
Natufe J@g@g@p@ggf_e Encycl opedia O Pol yner Science
In the second step, termed the effector step, the siRNA duplexes bind to

a nucledse 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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15 And Engi neering, pages 858-859, Kroschwitz, J. I.,
ed. John Wley & Sons, 1990, those discl osed by
waEogkiosson7 et al ., Angewandte Chem e, | nternat i PCHEIL2004/000215
Edition, 1991, 30, 613, and those disclosed by
Sanghvi, Y. S., Chapter 15, Antisense Research and
Appl i cati ons, pages 289- 308, Crooke, S. T. and

cledslgk etémaBas ,un%?bolve@RGeE’éa?ék? indidBBs thHE 'éa@ﬁ‘sfgﬁ@rc%ntams a

particularly useful for 20 increasing the binding
singltf $iRiNA afd tane RiNasgo[ Hatviagnerompduddmood (2062) Curr. Opin.
I nvention. These include 5-substituted pyrimdines,

Gegetis apdriDencdioproentalzd23b ZSZN Beeavse Of the subarkabletpadency of
RNIO %Litgfa; ﬁgﬁqleg?sgég;ssncgql] shag }E{)L@lﬁag(grggloys an amplification
stof  bBE sl @ﬁ%?r&l'v% HinaRe of BT e O GiEwhids would
ger%pﬁﬁ? ?@%?tel s:){ﬁlgﬂs&%: b@é@ﬁéﬁtg{%ﬁ %W Chy @Hﬁtively

or MBSty ani1Ei @tioadRee %e%ﬁmédyy in@ilfipleeNRRoVR Sents of
particularly when conbined with 2'=0O rret hoxyet hyl

thesRERC [Hdithondtdt ais (20010t Net. Rodi Gew.aRildo- 109, tSiarp (2001)
ol i gonuc] eotides of the i nventi on involves chenicall y

Genesalpery 1348800 Hugvagnst eondi demerte (H02oerrnmbineni gsnefics
t t h tivity, | ul
eSS te b 182250t 0 o RS BYOTRENGAD o667 9% the

folloApl AENB1HS TR EIIG00R) e BRREeRP 2 &g me: Culleh BB pet
In@gﬁbf'%ﬂﬁ% PH?B‘%%% gfd&g RS nSE' Bl%PhPé ogtihe 75 #5 9,

IOC este an a at I C

chagymthesig of RAOAE aaietiudds ﬂﬁtabwﬂﬁﬁ&dse Fogisth ﬂuﬁﬁres@n‘ invention
phosphol i pid, e.g., di-hexadecyl-rac-glycerol or

cant bé effegtednasofollowsl, Pﬁ}sﬂ,l th® RI 3-kinase mRNA sequence is scanned
hexadecyl -r ac- glﬁcero H phosphonat e, _a pol yam ne or

dO\anﬁm%t Al s ?toﬂtartcﬁadw a%&nmm@taketse@uences

I e
pothds! GRREN 'tﬁlggt %tega aPr @ﬂ%ﬂ% 'r)‘a?éet di Fes' ate ré%%ected %om

necessary fo |n a onucl eot

the®edGeh@ingi fParh®, zt%%lﬂfunfs&&éﬂ Mgt (U’PE%) eﬁ@%dh@r fedgulatory
nmore than one of the aforenmenti oned fications may

praveni boolipordtesd | ITR-bindjige prowgpou raddwr &\aﬁsiaat)n ainitiation
single nucleoside within an oligonucleotide. RNA

compleges enash deterfirnamith dinding aothigesiRAbH roionuolenssh cemplex
TuschjJ &hemﬁlochem 2:239-245]. 1t 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 to 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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by the present invention to specifically inhibit PI
3-kinase. RNA interference is 15 a two step process.
WO poottloesoiii rst step, which is termed as the ini PCHIL2004/000215
step, input dsRNA is digested into 21-23 nucleotide
(nt) small interfering RNAs (si RNA), probably by the
actlon of Dicer, a nenber 6f the RNase IIl fanily of

ah | f etrl e b@aﬁl%s mt&p AT A6H
(cI eave?)aﬁ%sRl\g |nS an ATP- depesr?dent manne?ﬁﬁé for siRNA

syrhesie Syeferad seauagesere nhosedwbichd@chude 1BNAGIO cbtedl, Sifce
dupl exes 20 (siRNA), each with 2-nucl eotide 3'

Céxﬁ@qngm Hama preipmeio benoraeffecivezn0nydiathug genpilencing as
Cenet.i cs, and Devel o nt 12:225-232 and Bernstein
Cor(lﬁéf@il)to these haying 9. (6 acayent higher fansocdn dSetes, target sites

r?ré'%?‘afé( 1o B PPugth o BnbeaehaRRE IS rvbitiony For
bet@é}"@J | e BlbctdPsi ?Lf\ngeé)ﬁ?ga\?{;{ I%B%l‘ﬂdqq ﬁgefg{aggﬁ Gsed

Si RNA ex I's require or’ ac o

in (leﬁuﬂ&ldn/ eENBEdtlvet digitrol 8IRIGASpreReabIOTREIAES Hee $anddAGE1ERde
by base pairing interactions and cl eaves the nRNA

compoegitio as tind SGN Ale bt lagksignsfi¢am trontdiegydto thergehots. dfhus,
the si RNA {Hut vagner and_ Zanore (2002) Curr. in. )
a sexanehlpd qusirotide semepeeral the: SRBIA 2o preferahisnusest, pabvided it

dog T Llispiay s, Geiirobpom qa%/étgga%&?me?ﬁ‘é‘eé%aﬁfﬁmf Vo
oo Refigan L el bRRRINGRO Ao ¢f R E AP SRRl Rcid Res
20(?3 3$*679 e, %h&%oﬁﬁ@d ABreRNG erefewdﬁél% Ees ﬁ%ﬁ?&%a PI 3-

Curr Genetl opmsn

kinhge %zﬁreﬁﬁah, aliaatisiey @ celle wuen@iskadbletc mﬂe@@y«amd siRNA
RNAI , it has been suggest ed t hat t&ﬁ% RNAI pat hway

bassesinoiis sagueneplafthent [bhets ssbepit oARpBHiinesst i on coul d
occg}hég copyi ggR&ﬁ@t he i nput dsRNAs whi ch woul d
gen o nassr eFProsgioni €api alsoofbet eélestednalsing
ribR B R g%%é%?t@hg Bthe FiorprEnal oy olor SDEmESuHce it
ot e o a0 a0 @%Wﬁ%gaﬁ%l%é% fieihs of
1nt&am)[We(cZD@t2hl CUEfpreSiibA - ofBPEEES iltpé t@%&%‘r Qs%ﬁfﬁs to
12:225-232]. For nore informati'on on RNAI see
moflplatoinggt RaA dowelTlis Chirr (300 Biotebnd. dOB8NDct; 9(5) 486-96].

2: 239- %45 Cullen (2002) Nat. _Inmmunol. 3:597-599 and
Theypessibility v Jesismiem eibozBnep by sleang any pesifitstapget 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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Synthesis of RNAI nol ecul es suitable for use wth the
present invention can be effected as follows. First,
w0 b4P78987 ki nase MRNA sequence i s scanned 15 PCT/IL2004/000215
downstream of the AUG start codon for AA dinucl eotide
sequences. Cccurrence of each AA and the 3' adjacent
19 nucleotides is recorded’gas potential siRNA target
672 e "'nﬁmﬁt t .Sl t e t
ANfiE om %\/ﬁg ggﬁécﬁmr:%?dislng rsaggﬁ%%%n??a%é I éf%dé?%eg?/gﬁ%ular
Enddfhsg] @rewth dhetor fecep@d),ad My chhpb@dnl @ M Afgiogenesis
sites. UTR-binding proteins and/or translation
pathwiayi atRibozgdec Bhpireacestinaly, ilnt.erdservecliv d4sh otligrd fings Ohave
the si RNA endonucl ease conpl ex  [Tuschl ChenBi ochem
demponsirated; sthe  rmpgftance, ofa ghtwwigingeacsinotheapeuiiss B RNimal

et L ST SO—
Vi AT, gL 0200 i 90

celPrcalitd Aka¥al (RiB8 i -
Do o o oo ZYRF PharmAggyiopls. ncppporpted, o WER home

page)t ative target site selection, target site sequences
are__conpared to an appropriate genonm c database
( e. pNAZInemcamalss be utilived by the presemiginaenticre ¥Acgmes are

singls i HOPE DR VBIFOTISoRaRNCh e 6apable of cleaving both single and
i, nl.m.nih. gov/BLAST/) . Pyt ati i
dodg RGBSt esr S B! B0 TP Pt emisfingand
. ] ' ) 4 .
BiQRR SSS FR S S0 ae) S RPN, . ek s
195Eb4T UL ASAt @iRtAtBodAr (Hed RMA23S Y NEP kS thBIISNRIARR has

sequences are those which include | ow G C content,
beagi neposadch @GR ic EINRawengsr dives 4o daealvid ede@bhrctdivel s
in nmediating gene silencing as conpared to those
de%%ﬁbﬁgu%le@lg% shanked byityh enbstreierre® giti Gedemainstodisgedn to

. sites are.preferably, sel ecte | ong the | ength of

InE FEOF ! %‘%ucg‘;%%{ S véf?ltﬁa‘t‘/iﬂerﬁ)% I%H%Zm@tqaéref&mwgb{tqlwe

: %'1:‘1 negat i ve . control .

s gé%s?}é?eagﬁ/&% Z)grﬁl%% conjdlglﬁ é?ggtﬁ(.)nsl\@;ag?‘?r@ egc\gﬁfgﬁ' dpyee, G.F.

Progi RWAY, prederad! ysangbodest oL igi
conposi tion as the si RNAs %ﬁlt éﬁag\ws gﬁbl %f'zégg{r]htacmglan? LM

Curdppinddy! Thet PE04riade21)Thus, a scrambl ed nucl eoti de
se%ence of the siRNA is preferably used, provided it
10 Eeasplest ofdicepstayctimmy and qmipli Geattonh ofisdynthetitp eapineered

t he abovenenti oned net hods,

t her gene. Fol | ow
DNQ&Q%@@?W&O%]@IZg}g §1ﬂggagmd dophle-stranded target cleavage sites have
been disclosed in U.S. Pat. No. 6,326,174 to Joyce et al. DNAzymes of similar

design directed against the human Urokinase receptor were recently observed to
inhibit Urokinase receptor expression, and successfully inhibit 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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2003; 31: 670-82, incorporated herein by reference)
successfully inhibited PI 3- kinase expression, and
W@ease789y7 i n cells, using synthetic and expr esReHII200RH0215
based on the sequence of the pl 10 beta subunit of PI
3-kinase. 15 Inhibition of Pl 3-kinase expression can
al so be effected using ri®ozynes. Ri bozynes are being
oligditiceaside gh¥erids e(elibﬁ)@ymteaem\eﬂﬁ%ﬁ@ﬁ,- RPEGI, fdt6) of the present
I nhi biti on of gene expression by the cl eavage of NAs
inveni¢om cary bpreapmsssed fom & potyresicdtielenbodingadame and provided
"Expression of ribozynes in gene transfer systens to
to rmyduivat eulturedesternacéllsy ingployiogr enQeppragirigte cgens . delivery

SR i S R SR
renEer ed .t he ! val,uabl e tqol S i g ﬂ:(r)t h'eb SicC E}fﬁear ch .
and-tHerdpeut EuCIhr?BPF%(E PO, OF n"tHEN Hr 5{? jcggresston.

Th]%srmi%oc_oﬁir&ofd’e é"?l?o%gﬁgﬁlgl’gégge@mcfg :%k%gnf nvetida! gg&lfiﬁﬁ{g the

In in nant oncogeh
modane®r sf BNd-laaes ddtb/i @ﬂlgéﬂep'ex §abh eNeffetredenetrhfsient]
di sorders [Welch et atly.s, Ri bozﬁ;/férre gene ther aS{}BZS for Y
expivegsanng thesa@isensa polyniiekeptide,. theGliborydicadine VIRISA. mbdR28le or
Jul 15;10(2-3):163-71.]. Mst notably, several
the, DNAgyrae guithin pestapy cpilot e sinothesr prpformsdt ¢mhpdinagns, the

o RSP L o b 3 A T g e
Pl RIS LghIET SRR BB, o
AR GG STl i ssmem ly (e shesHpe i

exResmble 7 8ol iueledtitit 2004/ H0kAbme oF ANGHODZMMEeby providing a
specifically inhibits formation of the VEG--r
mogdvlen¢apablempitidewetegalatiBganth3 fandseractisite pr &t )3-kimake gene

conponeni, in _the angi ogenesi s pathway. Ri bozyne )
ShE it eg‘t”it"gﬁ? SCONSHECLS 8 Reihols ToF Rsir fStatlg sl dransient
t.ed el r.t anc f anti-angi ogenesis
ex;? %gr@g}é{] Illgssar%, ﬂe%{'m he%elﬁg‘al(élws. HEPTAZYME, a.ribozyne
desj i el Lts G M
(o Rl QR Ek: spdS bt RRA boflifie SARDNAS,

ound ertective |
pclONVT Bl BMA i npGEsl | PSR asgays %ﬁs@&@/”ﬁpEF/myc/cyto,
Phar maceuti cals, Incorporated - B 'hone “page).

PCBNAZyyasyto achlofovhiehus icoimeetcimjlyt hailpbesfom Invitrogen Co.
i nvention. DNAzynes are 1o single-stranded )

(WS- P iEegsa GOl rrewmles of eeifnyirad veetos | aadvparkasimgnsystems
aresit}pc%leesoeigdby 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-
MuLV 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, 1.Y294002, or

derivatives thereof, or at the at the expression level via genetic engineering
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doubl e stranded target sequences (Breaker, R R and
Joyce, G Chemstry and Biology 1995; 2: 655; Santoro,

w®@2004/08893pyce, G F. Proc. Natl, Acad. Sci. USAPCT/E2604/000215
943: 4262) A general nodel (the '10- 23" nodel) for the
DNAzynme has been proposed. "10-23" DNAzynmes have a
catal yti c domain of 15 15 8eoxyri bonucl eoti des,

teclidiquése ds hy detatled besdinaicel dengnird m@mvmdoac@@m& to
to nine deoxyribonucl eotides each. This type of
the mpasgnteinyantion.f swieralepseferedivpethots afubsvivat exiiwing and
rimdine,juncti onsO%Sant oro, S.W & Joyce,

uri ne; py
1§ng Sﬁf gntiatean of speppl atg&rp gigm agdb: for rev of

5%1‘@@ S8 e kiare B0yt st e eckatist R dn0hE pE S Ghase

oL L B L5 S0 BB A BN g
in, $of @XahpVE Ut@ePat‘éhﬁ NS esi3781725 85 ) d906\'05 564,388, %é& in

to Joyce et al. DNAzynes Of simlaf esign directe

Inteayafiovetl Raltent Ribdicatibesk W@ 03 0726 6Pt atd WED)604¢ 08] Which are
observed to inhibit Urokinase receptor expression,
inceiperaied dwseinuby yrefentriasi andoby rthe speeificcBl 3-kibase inhibitors

toh et 20002, Abst t 409,
disrthein Ly Do ublictionn a00aRIASEG tbr §ielesen chnunalso
. | t t b b |
ine R P RIER T U™ i b1t ng he oncogenes

eXriass | BRcédirat o%ksg' tfle CRlolR1at &R nld S/S ? ({%geﬁ(ﬁhgp&q the

rates 1 n autol ogous bone marrow tra Ses

speoificChbplacadioAL in tBO thicr¥iblarbér ﬁﬂHfrﬁ@Faﬂt dshatropr&agiple,
agents (e.g., antibodies) and WO 2004/ 078%

witR@Tdbdu2 Q04 100 @2 Bbouf7 B0 i pprefe@btyi df@ﬂ]ﬁg@‘nimﬁ 4 uM to about
(ri bozynmes, DNAzynes, RNAi, etc) of the present
50 miNiemore prefarabbe wathpn ebeeids Mo abput $6 meleoWldk reducing
encoding same and provided to ex-vivo cultured stem

the PEpIeat dipTdipRNle BRCHER rSHctive anbibiéoniof iGIa34 hematopoietic
sterfdefier SR BT naPdi foal o5 Epr eborionpapulelien was
den‘f&fé%fééﬂr? %ﬁ? &Svfg%&r\%%‘lg rlid[ gfklflﬁsaeb rﬁ'ﬁﬁ%&r EsﬁggfﬂOZ in the

hus, acco e prese

rangdwﬁhf)l 1<mwm n@vmbmg/ﬂ heTha®dil &n@r pRifelttd InBIBERNt, the

activity or gene expression is effected by transiently
fo@klw eessnaegimtien aof itke maedmiatqrn ot | BoGikieasd hetivithoizy ABout
si RNA nol ecul e or_ the yme within a stemcell.

he
0. 1ALM/Taﬁ@t1|QQ#M/bs BTo&® pmfe@hbo&MM/L st 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-vivo culture conditions for stem cells ex-vivo cell
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i 0 expression is stable, and providing is effected by
(a) providing an expressible polynucleotide capable
wW@booenmeoessi ng the anti sense pol ynucl eoti de, tPEI/IL2004/000215

ri bozyme, the si RNA nol ecule or the DNAzynme and, (b)
stably integrating said expressible polynucleotide
into a genone of a cell, tHer eby providing a
profifetatien andg aipdiel ened tideywisegduaingecexPressidii HaF6r activity
activity or Pl 3-kinase gene 15 expression. Suitable
of Robrkinases &5 iarigsenbdtblreinabovhdhereby abbanding atpopuddtimtof a
[,n.cells are described hereinbel ow.

rene_xﬁt_;‘r%lssiérggph%ﬁf}%f’oﬁa@@%nst ructs include, but are not
(/) A BED SR BRI R, Ao SoH e pent

inveM&H 4 & 2, ' .20

VMG the r QDR S LRLL B AT WEATDE IbhIAPGRLHRI S6ra

whalRdwhRE bBid 618y 61t HHBle BoR RS SQlIshpIE! St Bohidine he
Diego, Calif., including Retro-X vectors pLNCX an

cellsLiXSiKe samipll vpith rixtvied onltmg coviditiond fomstenctali Bgvivo cell
sites and the transgene is transcribed from CwW
projiferation andyeicthersameeiimee forfreducing-a dapavitsrod the stem cells in
in@audﬁd such. as Efgabe, _vvhﬁr,e the transgene wll be
TespOISHEE (P skePaling paiBweyhinelymg Efénlame; thereby expandiag a
=\ ' nhibiting differentiation of
polgﬁatg%lpéf%??n%ﬁ‘paé%?gét?gﬁeggll}l@e %%B]?Jlnﬁdi ng to this aspect
of mhexpr [ i iS; f eet i
IanetiPr fffARtr ?Jﬁﬁ%qéro@mg})alm(g{t SE AR Qéétzggotf{ g{e ?geesent

Pl 3-ki nase expression and/or actrvity,

invpniddrgithe meatkbd isisffged byl oblaikipas@ult BPnBbAAAI SM6NicAS cord
wort manni n, LY294002, or 30 derivatives thereof, or at

whelgewhite biedesgltsearsivbnld buel muiravwgesits samplogindgsoiiting\Be
éo,o4/ 078917 PCT/IL2004/ 000215 80 techni ques, as is
cellgeinalibe cample sy ifassveve chbivis eonslitions Far stpmocéllieey-vivo cell

proflBERG4 M Qi £ BE P Rt éiny sreagnd 2 population
Ofgf&gwag[gét%l&gfq%ﬂ% %212@@“ on of stemcells.

I nhi bition of activity can be effected by

kndBpailling tieRspRilathon SOt RIS caf %%*fuﬁﬁefﬂeﬁgie%ﬂ @%;(E}brding

LY294002, and ‘derivatives thereof, as descri
to theprescatphentionSin Patieatseiiogs, Sych7Bal 28cor8idd0, #0Banother

5,504,103, and in International Patent Publications
asppgh Qf3b7 Pseent Fnention sboeiogrovided h method iof Gotvpor etpedding
a p:gﬁﬁfaﬁ%pgggrs efn$ & %)e ’wh?'Ped atb)(hé Iggmsepgrgef isﬁbsagnt%élﬁir rilr?lf’igiting
differentiation of the stem cells in-vivo. 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 PI 3-
kinase, according to the features described hereinabove.

In another particular embodiment of this aspect of the present invention,

the method 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
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di scl osed in US Patent Publication 20030149074 to
Mel ese et al., also 10 incorporated herein by
w0 edogiesace. Final concentrations of the nodul apOF/BE.208000215

be, depending on the specific application, in the

m cronolar or mllinolar ranges. For exanple, wthin

about 0.1 Mto about 100 mf4 preferably within about 4
dojvnigudatiigoaP] 3S6nadd activity qeraef epaddsiondf Higen@besdifg PI 3-
.p.Mto about 40 mM While reducing 15 the present
kinapgefibichrscrssgonsedusing efdapacity ef fhehstbint ¢alls inf re§hgdting to
. hemat opoi eti ¢ temcells differentiation, and renewal
S1ggp %BQ@D@X& 1y WgtP&o%Tkme, asdprdptinedibegmaboyel | s

proyjded with Pl 3-kinase.inhi bitor. 1Y294002 ipn the

ranz{é Sglﬂ 629 PRRICHRIVE 0%1’1"8?,“ oh tbhseaﬁﬁ’eé‘fte? dlge present
invel [ [ : t] . .t he
i EHef e hehbitfs ool by Enfitidly &' Bhiflb thed fhereot o

thergpelPOMI Y. effE®tive heher ¥ I 11308 Whkibitgpst preferably

10-20M L. The ex-vivo expansion of popul ati ons of
st efisased bereac toodgingut] thetgieasd ‘@htrapesticiycstagtie amount”
herei nabove, can be utilized for expanding a
or ngHEetrg amoynt” rafpst pthastancound nefndisl agent eheing ladsninistered
Hence, accofdi ng@gtll% anot her aspect of the

ax - Vi . h
which Will friqust Sxpinsion pheewr salls yss bt ferppiiatin ereof
¥, rBH 745 25 e TRl
Fenond inEUBAT U BRI RO R dieimoimanaiiee stemy colls
popMafibhgedh REulilc: Bfa, iR BTl FYilin L S

monBhus; | fidther @ktordige td @R) alectVoliBe BRERNIBATAM EEHSe is
sanpl e and providing the célls in the sanple wth

prasidsd o envivarespendad popuktiborofShemopbliaicesteni velle eftich
WD .2004/ 078917 PCT/ 1 L2004/ 000215 81 proliferation .
corgppsesyp phaaldynel cele chascterdendc bhig3 120 Yexqfr dusicolls being

AU e By Al FATEL o
. ' .e. il h

el ORI, AR &) borALR, BRIRS rhBrbely pROBEARepte

CD3aV esatls, e maf (ikﬁl%rrﬂft R4 WeicBfak& iethrb YRt RRAT N gégﬁ*fl In one

or neonat al ilical cord whole white bloo s or
emphdineciisothe hematopoietc! Semargilsearanttripedvireinng sbhe selected

cells in the sanple with ex-vivo culture conditions
fropy the igEevR €1onsisERE voly bose| tharrpwo  fiekighatal orload dandanebhatal
um]%ﬂﬂ:%l tcio?g ’blc])coocf. it dalill%iﬂ?e% gmgg(ﬁ?rfeingc,yth%f pcgpl?ﬁat?ct)ne rgf Cceelllls Shas 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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respondi ng to signaling pathways involving Pl
3-ki nase, thereby expanding a 1o popul ation of a
w0 eIl e stemcells in the sanple. In still PeDII2004/000215
particul ar enbodi ment of this aspect of the present
invention, the nmethod is effected by obtaining adult
or neonatal unbilical cord3 whole white blood cells or
emp\ﬂbl% €. BOIE e/ Sc@V(SEID  nfisdplagsaatedr with diuilad gtal thymus
s in the sanple with ex-vivo culture conditions
and hverstissuecm! fesal BM tivaonecadd pidrigesobn appedpriate anstiehifohthe
a Pl 3-kinase inhibitor, thereby expanding a
evapessiamaof oputative shurasie wadshatopeiehic csems GeHst hd3esampt ef the

e PR O Bt A SR RS
profifgiBS ogf REt sPLEein Uh BRE bR Helepbidibyl M etis to
pro‘ﬁ?%rﬁféd é\%d 'ﬁ'ﬂnéﬂo‘ﬁo r?)ﬂ?@r}gé né@ieﬁc %Pdfb@ﬁ&lf’(?hrﬁéntst)? Muman

e same ti substanti a
originhi Mitd age ty@ﬁéaﬂl@rlmuiaaéd Qﬁe@fdehb@reats%mq&iﬂs&ntmﬂw M@fts,
he nethod, according to this aspect of the present

and Tecenstitotion és efcherte byyyaumbersifenethgds,aneluduty EACS and

need thereof a therapeutically effective anmpunt
immpaohigtoshemistm oBrepoputased ergaps tflvareanghp cb o4 I%WOéf(1897)
90_g§g§)0encod| ng Pl 3-kinase, the nodul ator sel ected

X |l e of 25 downregul ating a Pl 3-kinase activity or

an ﬁ)&gftﬁ%ﬂlgﬁ ﬂﬁg n?f 8? (feggﬁgcr Iqlrgzg%n%boské %géebe ut hzed to

accordi ng ur es er el napove.

pro@ied henspr %ﬁfa’bfélh&ha%?))%%qic”@éﬂ Ripatdtichs a&&?ﬁha@fac&ﬂﬁmg to
present 1nvention he netho I's effected by

yetaatothérsaspetngf tie presulf #siention nked khaoeifedaa therapeutic ex
therapeutically effective anbunt of a nodul ator of PI

vivg- Riarsd atem védll ropubdicex pwhidi cenufrises gelmeu@dmff@mmglted
Pl 3-ki nas t he nodul at or, sel ect ed capabl F
hempppterseHs seprndesognr oG 15 PESCHeRAT 8] & fﬁ@‘}l}ﬁ% alampnt of

an By BTR AT e B B it D o SRB R Aregh 3-
8 (BEGBARbEs0ctasapalng dgmskanall e Hﬁ’é@é(?ctmty

I nvol vin I nase elna ove

or S | bxlﬁﬁ%@i@f oPasit bend agncrpedi PENS-Lfasthi ﬁle?&@e%mfbﬁtmg
the present 5 invention, the nethod is ef fect ed by

difftemntmdtsine a8 Wgsdarea lmrbumbove nltnedtbe¢ hppecfated, in the context
therapeut| cally effective amount, of a Pl_3-kinase

of jthp HyEs@K . inxsniiebdthaériae ntherbsulihotien epld panudaiion can be

prov1ged af(’)%%t \Ithﬁlthg cu[tﬁ?echlle\fi‘leurﬁnc%ntegmmg the modulator capable of

downregulating a PI 3-kinase activity or an expression of a gene encoding PI 3-
kinase, isolated 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 and 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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or "effective anmount" refers to that anount of the
agent being adm nistered which will induce expansion
wotogestel | s yet inhibit the differentiati onp€hareofeo21s
10 The net hods descri bed herei nabove for ex-vivo
expanding stemcells populations can result, inter
alia, in an expanded popul&tion of stemcells. Thus,

effdativechanoasicof dingehn whichspdateh dapacity @Feht stem cells in
invention there is provided an ex-vivo expanded

respaphbatto di dkinesersigpbingt iscbsttmimlbyeldhsbiingodifferentiation of
conprises a plurality, of cells characterized by 3-20 %
the stem gellg ende Mermgeaticelly aceentablecatigs+ cel |'s, of

6 e A ST e o
iSRS e RrerabBR REAA0GuS L AShuuch Db an

expangedi gepilationh 81 HRIBHORIEEE is@erﬁt@e'nscﬁxlgpﬁg%ﬁ Sethuesh the

froma Source selecte fromthe gro consisting o
prebenmve i raw, effietivehemadurt! @dd sarl mekivaisal i@28bitor, and a

unbilical cord blood. In another enbodinent, the
phasBpgtetidadly astepeblescatder. a  singl e genetic background.

I n yet another enbodi nent, the ex-vivo expanded o

pop %@blﬁ‘r‘y thg aggnis s3ithe Presshicimyerion taiphihit didfergptiation

of yERSeU hf be TuGui Sl imapyls uhatoLanliiontvea M om

e o, RO S P g
meflRld ofSpretad gaxahesis 0 ohe thfhodRBdna B MEthel

( Ns effected by
markers can be determined, for exanple, via FACS
harahiagythie stom cellnmetdbiss topleosfi thal folbaiimg s@ps chdmiest &latfn
sel f renewal potential of the stem cells can be
andf@k siofagfedn impPiEsERes ol an eifpctize mneeumsmyf 4 onodadaton of PT 3-

. (LTC CFUc) , is furth lLified in the Ex I
Kinge, EPOIICY RECPEISFORSOL or S8y PRI Foi-Sgea e Aoohipior

S O U IS T RSP TR0 o
gerfCedcuing HISCkblasel Ch bhansRbaitbhRd: Wik hmBHTaN;s! efBlted by

thynmus and liver tissue or fetal BMtissue and

hamplimgi the stan cafjpnoprieadt Q)n@mfeﬂhefibﬂoﬁﬁm% seyal bat/eanielation
({/)ut ative human hematopoietic stemcells. Because of
and/ piestoFagse W & iprescion obfantaiéecSek o ofia Rl Atkimasef inhiditor,

sucgey SORITHSOR Aol Hilhan hEmAUbPEr ctf B1 o EimPeRIacevig or
exﬂ%@%ﬁlri%rg ‘r(:)tf/ I%tr %eﬁlﬁeaeﬁ}%ofgﬁl%ﬁgwﬂdhgset, I%ﬁe rfr?o%tlé}[g? isglteiztced 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
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origin. Mce are typically irradiated, then delivered
stemcells into the grafts, and reconstitution is
wore@gorsdd? by any nunber of nethods, includi ng FAZB.2a0ud00215
i m nunohi stochem stry of repopul ated organs (Huneau
L., et al. Blood (1997) iss 90:3496). Additionally,
is 4 PP 3'—@5’3&‘3’% 6 SBAH af St ARAY r.‘:ﬁ?ﬁﬁ?(ﬁ,'&' £t 91 3-
produce transpl ahtabl e henat opoi etic cél
kinf¥eefiibatdiyons, such that according to yet another
aspect of the present invention there is provided a
t hekequedinige texthev pyasenulihvergns thesrecd lalgeopubadedna cells
whi ch conprises_an undifferentiated 15 hematopoietic
sepawtion andgandeshing buffer.i n[heheepareien cadafr wastehg dutffareis
apount of . an a dul ator of Pl 3-kjnase_ activity or_ .
supal}gwg%q? SfithppAn a%f%gﬁge SHat 9§ appodulagermek Rl 3tkisase activity
nmodul at or.sel ected ca .of downr equl ati n Pl
or GRRRLEOLE BT Lo R BE difses BRTROTH D sifheelRaableg t
dovghre ol g ol AREERE YtV B o Rpreklo Wl borlprdBinipl 3-
kinget Bxbone @nodifent) ths enddulatee i b, 3 kiddsetifBibitor, such as
t herapeutic stemcell population can be provided
worimangingit hY2B40@2y| drianeantiePll +kimasataatibody t he nodul at or
capabl e of downregulating a Pl 3-kinase activitf/ or
an A% py Bythesslestled bplow, sieaoeslsgmry servekioneteat cellular gene

i i solated fromthe culture medium and conbined with a
CIW3r maceutical |y acceptable carrier. Hence, cell

00515 AEH s D, W DI i
22 DSACG) Al dar s fous, 14t Sobiegang st o

acquiredaditeast rorofumddidsnt io Whenogpbodleptneic hidéridSieterest
of the present invention, the therapeutic ex vivo
encodes wr gdodudn{cel |a popint polypepngs, | pediden fExpammusddRNA,
30 gpu ation gf hemat opoi etic stemcells propagated .
antiseusA) vWIPsE (RedVRtOTe e el 1nrloferdookpn egomple, the genetic
| L2004/ 000215 effective anpunt of an agent,.
mafi QrBhed ESE ¢ 310{}?0%&6&139%@%@% polypeptide or
pPepndi Pl 8= Ki lgpallng,. s Lal Ly n
perEPNIhGDL Ol 85 5100y, SURSLRNGEIAY "Gene
Thérbpy EC@ncealih PhageaRl Gl 40, @dddetlic PhéysStdd). anot her
particul ar enbodi ment of "thi's aspect of the present 5
i nVEwbi basic tappreaches pb agireblergmitop cdvelvel: c@) lex-vivo or

lpr eparation conprises an )
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 situ.

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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-stenh geNewith coaditioms dar celhpyddiferation agd (ii) proyig

expanded popul ati on of hematopoietic stemcells
propagated ex-vivo in the presence of an effective

wapadorsdef a Pl 3-kinase inhibitor, and a PCT/IL2004/000215

pharmaceutical ly acceptable carrier. The ability of
the agents of the present 86nvention to inhibit
L et iRitoAn ack c d;
exofbld STBRL RN achorchle 56 AMLCRYCH GRMMOBLAY NEeRA i
effettedt ber (Hsoaming 4 Peplladdansf kRwerElI9Not Bettinsduced; (b)
provided a nethod of preserving stemcells. In one
expantingiamd nhhibitieg deifdredtiatsorebf det sembgellshlandl) popvidiag the
stemcell in at | east one of the follow ng steps:
%mgstbnééemfcells

..an effective anount, of nodul at or Rl..3 15 kj.nase .
with 3P ARG CORSPHREPBIPlaR THOGUAGT G BHIrghATE SCUT aceid
r e of tl: P
modfifoP AR ot o SRARIES BPSRERK 2eil
e fesipifeti s SRS, ey Wbadnyou i
diffbrehtiotibmg oft es: sty vedls; hed! &) ofansdndingr thkoreagended,
in a presence of an effective anount of a Pl 3-Kkihase

undiffériebiiated ste20 cslis lwitls theoexogemai it ovilllé2Sgpeliateal that steps
rmdu_Bator of Pl 3-kinase activity or _expression of_ a

(1) aper{d) éan daickicrad - wirasex Wik angdbatdhe orde oetens (b) and

capabl e of . downregulating a Pl 3-kinase activity or
© (“%P@(ﬁvggsgfipn of a gene encoding Pl 3- kinase, or an
an - - . .
A b KRR AR GPEAE e b2 ol bl nveggion,
stepP(iQVisdefecle @Ik/lrédﬁ&hg%p&apyah%ft fhel Aembadls iihespsidisg to
col'l ection/culturing bag of "the present invention isS
sigmslipg| pathwhes imidliviran PEf¥-kotaky ethenehyntxedndingraad| ahdriting
_of Pl 3-kinase activity or expression of a gene
differepgtiog obthestinreghls, the nodul at or sel ected capabl e

e e S R
* VP P oobBSiE® We st SoBERRERE Whieh i vestor tuckr

exa®PlVQr HPRRRERr O aln(eI40%eid Wetd ahl viRh] Jectki\@3@ble for

ant i body. According to the present Invention there Is
use dhselpilavidedthargsl bt keepar atdmpleandé prowdshiHegeinbelow.
. buffer. The separation and/or washing buffer is 5
Simglaplyl errengedf niclicaacidfvestirs ven denuset! tofgeactically wemsform

of PI. 3-kj.na ctivit
the expandeﬁ cehs ) teheainventior{ 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 include 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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or expression of a gene encoding Pl 3-kinase, the
nmodul at or sel ected capable of downregulating a PI
WQ20040289¢7 acti vity or an expression of a gene RPOT/UR0OMYN00215
Pl 3- kinase. In one enbodi nent, the nodulator is a Pl
3-kinase inhibitor, such & wortmannin or LY294002,

ribBucRRsET deopiribtiIase, Hiahebted VbR Soldphifibesg 42
clasgRe anthahdaYe; @ﬁepﬂoﬂﬁét@.pﬂorﬁﬁaﬂlifsﬁ?)gﬂgé@ ibgl\%@‘;lr%‘e; I\ilk)@lude

the transfer of genetic materia

bload cigttiag dattorntuchnahbkiodt dottirgatactor PV and Facteenxt ilCDP
or acquired disease or condition or phenotype. The
glugygaeyl cransfenes.al orofthingt éraasearb@atassdeanda gitochrome p450

e.g., rotein, polypeptide, peptide, functional .
CHZ&N;&g ﬁ&ﬁ@ﬁ%@%@ d%ﬁ@é}ég%rfiea (8% PEpressingiafoerempdenpgge or
For, ex | es ,the et c terial of interest ca
the SHIGHLOS B oW IHPLY dinemrORuR: e BorypSpreducef by the
. . V . .
R ARa0 b PIAREY o i RO 4R Bmdbicin, anc
thyfRbafMeGe! e HPoduderdesticelr B9 Sthe 182 tive2 YralQeldSineiude
approaches to gene therapy have evolved: (1) ex-vivo
gastrin, seedetin| aliolgeystokiher sgmyiatostadin( kérbtihin, Mhy euiggmece P.
therapy. In ex-vivo gene therapy cells are renoved
f r dmterngtivelentthe agngodid | gense pryluct| isuore) whéch neditced the
in-vitro, é;ener ally, a_functional replacenment gene is,

exprwf%aggk? s drgrac gupductinyathgreellas ofhici iiredyeadegenetic

mayB) KRS LSSl etoon SRR E TR i, B ELoR Gy e
SO ¢ dified [

B R e e & kA icel ed o the host pat i ent.

Thase sgnehotdt | snbRtihi¥at, e dechbmahtRnbeesh Shewle a
to express the transfected genetic material in situ.

hetétohzgousfpmtduer .gc aot diatige to thn cald peothioh it veeipresedt For
. invention, there is 30 provided a nethod of
Instapeh S@GTOUH Gusigatdte companents cenbearevidsd ¢ nosdiunzmn cells

ith WD..2004/.078917 PCT/ ] L2004/ 000215 . 86 exogene. .
to YRbOrePHGaRIENE &R ch REOED TR e P RETRT Ve e thy SoBRgcTe is

one, SR 198 iisgt]r{egé%g‘%s?&l %}l:acgigga %@%%@'}?gg\r/]lgllcg %%g% 3)908190‘[

of stem ce transduce .
nortrialliyixprdged i ﬂﬁﬁﬁfc‘:fré-%%d%ﬂe;@laﬂthe stemcells by: (i)

providing the stemcells with conditions for cell

pr dhiffelat iaoid andedulé Intprducediing 4 kell 9§ émacfelmssuitable 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
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5 with an effective concentration of a nodul ator of PI
3-kinase activity, said nodul ator sel ected capabl e of
waeloomoesyut ati ng a Pl 3-Kkinase activity or an PCT/IL2004/000215
expression of a gene encoding a Pl 3-kinase, thereby
expandi ng and inhibiting g§fferentiation of the stem

cal b : i d :
5L g B s WSSO RS ASHRAREER oo cxpregonof
prannsas o Lk S A B0 e o

exptsgion OBk gend lirle)d toathe jromever@athe hsedanAt fi8moter specific
parti cul ar enbodi ment of this aspect of the present

fori myehlasbgene sxppessian) cirs bef fimkadetb lygemedofiintgrest to confer
capacity of the stemcells in responding to signaling
MUSEIEHREFLIC pRIgssiog obl thet grae Psodudie r MupClexapeaifion gegubatory

el R T i B, L el
Sriaf SERE i S5 Pop LR, ERIPL 382 208, 4RI

kind€¢ igefic BuskiAUSIEHaudeiie, (98D A/ VRO VA2 9:V§§%’ﬁg§nmd the

suitable for wuse in cellular ‘gene therapy are

troposandeas (Mar qndoQirdidd, HORB8) whed. aVuzl 20cd. 184 aTEN, 85 6404).
range of nucleic acid vectors can be used to

Regelatry elaments speeifiorfar othies cell pupaseate delotan of thetet (e.g., the
lbi nventj on, 3;; Lis furthfr descr.i bed bel ow. Accordingly,
alDPHEN SRPAMEFE O &V P SRACLEG 6XPlressant ishlye segwatory lapeents for
+f t apnexpress _a gene product . used herein,

paftpEtl] Sit SRR oy R NP S iy TR ic rebiutatory
eleRfRREd d f ho c@}ﬁ? I n I Ly, the .

genjées’ 22&8?(13%%0# egltr?gogngr y ’Eg{eﬁﬁagl glﬁgla%i gﬁ(?}ot%'cﬁnﬁmd
pronsoteRe desired gene product to be supplied to a

subj ect. Exanpl es of such gene products include

pr o Bemativelyeps i teesilatghy calpmentei ndidndcdn phifwcot €msitutive

normal |y groduced by an or?an of the recipient ]
CXIIEHIULOF Eoenex i darigenet phifigrrat scalhitypespeyicheas a viral

i by, way , of ge repl acenent to defective

reg R AP S rChostC RRaHircot ek piomlbrsargmagely used
to dwd ok . ' I L nogen .
o 8568885 Hafsein) LU LO0ASH CRUIELIVDS 198 o
2, aytdrnagitbeaseandS MG PRRIL) eaRSetrbiHrACl YRk ycer ol

I'i pase, phospholipase A2, ‘el astase, and anyl ase; gene

pr ctiliemstinelymairegulproog sleackrywhivd prioviles iindldiie exbtagidn

clotting factors such as blood clotting Factor VIII
of argeneals fheretgpran 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., see Mader, S. and White, J.H. (1993) Proc. Natl. Acad. Sci. 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. USA 89: 1014-10153). Additional tissue-
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gl ucuronyl transferae, ornithine transcarbanoyl ase,
and cytochrone p450 5 enzynes, and adenosi ne

waoleawiorsase, for the processing of serum adenosPEBEIIR004/000215

t he endocytosis of |ow density |ipoproteins; gene
products produced by the 8hynus include serumthymc

specﬁﬁ@t&rmdﬁmﬂ'@ fegﬁga‘i%fygé st Q{rhlgfd E%%SPE@ H@ﬁél@gfie%g&tn also be

hymosin al; gen ucts’pro

used iragdcoeddrce W1m1@tlwlliﬁveﬂt&>§ﬁ rin, secretin,
chol ecyst oki nin, somatostatin, seroti ni n, and
subdrcancee R niMber tefr terhihiqiey , kitdven éncihdeatt fondntroducing
product (i s one, which induces the expression of the

gen@ré%ma&mé dife W%@Gf caybe Applicd fo 1ped1ng a osHeafuthe fogntied.
o T e e @Eiﬁgﬁp Beid, ?ﬁngfﬁ'tqgﬁo E?ﬁ%&mclew

i R SSS P ht HioPR  pco

to bBQfx@dh‘fie@Q&hﬁlsPJ &H?'df th@ n9cleidBeid bR ttﬁe ﬁe Ea%c!luét Ind

is expreSsed. For 1nstance,
theM&éssmwegldatosyemmdms provi ded to non- hurran ceI ls to
support engraftnment in a human recipient.
Al tdtaraativady ythetriveldic anslyemeding thengenewrodiict (htlbding the

t he expries& O@B or action of a donor MHC gene product
nec?ﬁéﬁ%ﬁgy BT SemERLs) i ¢oraimee mutlgngamawnisl ventor. 2Bxamples

of iSimtl SrP ol st ots ppRide EHAR Red ‘if%é?)tﬁ(@wgr@
840PAN BRI TEPC oRaHAIN (061 116 @EM%%? 6: ingly, the

I C acl dlel es codi'ng a d regul atory

sequene®sr erBBUiReht! Mo dichéls abidAhbRRuRS toBhedRRB A& into a
portion thereof) and, when the gene product is a

cellpisoteitainerd petin deyirht arstoat | om thfs sieatignehacigtleic acid
| ecul e 25 include pronoters, enhancers and
enc%pg dhe rgqn@t Piodust @nmsgrteégnmethe agalsgepoane der partial viral

genBEETT 1BE YrgbomAlPEG dieriinie pgmiobesses e
f

o YPSRBE 0 BESEEL I B4 BEBLASED A AEARSE e

to theéPehatiBs@¥ 58! B8 ﬁ?ala%%gfn‘lgeggs;ogéﬁtbe Og’ld ed gg the, viral

pronot er and enhancer are selecte
genopentstlfe type of cell in WD 2004/ 078917

PCT/ 112004/ 000215 88 which the gene product is to be

expfaksdeauelsir tasedsdesir bd Invmluced onoredls asinyf caldiem-

pho%&aﬁ@ t Sllrgegj @ﬁgcﬁ)qrnéfe)é%glpll eDEAB rd%r}ztt)r%gr nlﬁ.gé)l\g?edt Otrgr?srl]?gcetlron
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 nucleic acid taken up by certain cells. CaPO4-

mediated transfection can be used to stably (or transiently) transfect cells and is



10

15

20

25

expression of a gene linked to the pronoter can be
used. A pronoter specific for nyoblast gene
wezxpres®ion can be |inked to a gene of interesPCT/L2004/000215
confer 5 muscl e-specific expression of that gene
product. Muscl e-specific roggul atory el enents, which

ot PG ORI B 1% Bebin RSk NSRRI B8 RO N
tran@fé%ltloﬁ ca%a&ﬁg ugﬁh&?ﬁﬁ%ﬁét: ]{’k%toéﬁl@ﬁ?ﬁdc%g%é gﬁggﬂ Afbel,

Hausc Bi ol
F.M. ré’tp@lnl(Bdg?f@re&ﬂa@@lﬂhﬁgdA@h001ﬁté986D9899OSectMﬁ 9.1 and in
Acad. Sci. USA. 85: 6404). to Regul atory el enents
Mokqnatarf@lmmg Atlreboratety Mammab, 2irdeElitioay Sambrbek @t ], Cold
al bumi n enhancer for |iver-specific

SprisepHatei dborsisty Press.dg 0Pk SeytereHeqes 4 or ofher standard

b«ﬁr EF;:reatl c,islet cell-specific expression; various
labafryMaas- speci fic regul atory el enents, including

ne%ﬂ% 4 S\?&lé@é&ﬁ Faﬁ] Bulifto %ldahci&) @eﬁ% @ﬂf(ﬁ‘gpﬁbg iadm%xture of

pr ono er nat’i ve a regulatory
the Wt 308 AUTSEH Fe@atdr Hid M@ub@dﬁg’ SeshXuefwity &ferh%ll' NA

a variety of different cell types,” such as a viral

dinfe@gubdfoxide edbre oBlvroqueias dheckisgtdp daxabtpl siledf toviimicbase the
pronoters conmmonly used to drive gene expression

amoyrglafdmcidio geiddlqytak@dDEAEnd@QTa]xinmsftmm is Addésnepplicable to
rnegal ovi rus and S m an_ Virus

2 t
in filsp URAIPEACOT RS Colipang cat h%pﬁ%tq/mtr@dﬂe@ ml\ég&a)nswnﬂy into

el AR hoald el Breaing BPGLRrE BOE g fhicmethod
can' BEHE shpa- eﬁjhoﬂr}ﬂdu@c 4 obfe BrodiRP bLPHUS t faethod of
DEHSD SR GRS gefie Prodif bE B! frehod

pronot e ffor no epro IOﬂ

chdidee fefen@n@rt&@&wmuﬁcﬁaﬁ oFehlg erfex?fﬂﬂ&% pfot@@&enfdrabmﬂ

useful inducibl'e regulatory systens for use in
dexgnakamydinied trehdfsctioe cadée Houndie-Cagitdtrethcds al Brodedudar

_q(l& , sSee Mader, S. and Wite, J. 1993 .
Biglegy.. AA@WI &M eisal. @ds)ﬁWSGBWbllsilglj& f%mpm@tes (1989),

Secéllo Qgg rgﬁg %(?1'721 Ol cilgg S }L@%ogeﬁarysg\ﬁ Y 2nd l\édi’ggn
Sarffif gl € E. b SRtfe 5?4 GOECSqrgiclyPrpa SOl ?g&l%@g G-

16.86 or ()ﬂl%?%ian'abﬁﬂabbl@étbg AGAGh1s SCi . USA 89: 1014-10153).
Addi ti onal tissue WO 2004/ 078917 PCT/ | L2004/ 000215 89

speNakéd nocleinaeidi dinealse Pl introdycay aitonmlls Wy tloubmyhg ehe
devel oped, can al so be wused in accordance with the
celisranshithiegmicleic acid together in an appropriate buffer and subjecting the

cells to a high-voltage electric pulse. The efficiency with which nucleic acid is
introduced 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 transiently) transfect 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.



10

15

20

25

30

There are a nunber of techniques known in the art for
introducing genetic material into a cell that can be
wappkioesdtto nodify a cell of the invention. 5SPCHIIR0&/000215
enbodi nent,, the nucleic acid is in the formof a
naked nucleic acid nolecul®. In this situation, the
' i [ 0 [ Il be
Colt SpFhE PERLTREEEHER, PR RLAR, PRt FESU-135 35 other

staﬁd@dgﬁjtﬁaﬂ@ﬁﬁi&hagnd t he necessary regul atory
el ement s. ternatively, the nucleic acid encoding the

gendnpthed un¢thod gy wdiicly taked riRlsie cesd any Bee fittdtueed into
el enent s%. is contained within a E:il asm d vector.
cellsxiaphides lipesompe-arediatedpanstasition (lipofestion). ibhaneclEoMRid is
.(Seed, B. (1987) Nature 329: 840). and pMI2PC _ .
mixgd,  Piiin, 2 etlIRASOME] ogISPeRNpD Fongainingy - qamynic | dipids. The

ONSHREGR RRL ARl B AL AR, Mot B
tra@E&fir cA bERised Stot éfg’%léro({&rﬁfﬂﬁie?lﬂﬂ Slanis st d %g@n cultpre in
encoding the gene product i s Inserted rnto the vicra

vitgerRseodoly cRar bé aouril! Bl HERANEDrotdddds HBIMALQNY Biology,
el ements directing the expression of the gene product

Ausbrel FeM. rag| ald éetlswi GiiedrieePublishéng Associatess €1989, Sattion 9.4
dfhe viral genone (i.e., linked to the gene inserted
an

pthst stadaid laborani manuals. Additinmalyogertedelivery tie vivo has
iral i, Lf. 20 Nak | ei id
BRI A W S S e (P
i t i_an, E-d di .
M 345 0PI D A L B g 5t U
' (i . rticest 0N, e ]
segs gt spadh pa) (DA g [Ee peAe il 6t
Fogerite etlaic €IDINt@ermeed4d:828M380rmng a 25 precipitate
cont ai ni ng the nucleic acid and cal ci um phosphate. For
exaNpked macleigEribchw hisertedingaliies sd welloby darcthe injecting
m x?d wth.a sgjl ut i 1c%n containing calciumchloride and
the pgleic cacad iigtor Ber ells. ' razcipivitae ubinee ehechs.cBNg: canee
o -ncubat ed wi.th l.Is...A gl .ol_or_dinethyl ..
S 0 R 05 e S50 B Bl BRI i
& . At . . _
Rt O S RSLie! AKER HRAGE AL, o s
Hotetet, raagisiitn Whetdianai@sinj&tlohsisah édtBoVB 204078 Rl the

PCT/ 1 L2004/ 000215 90 only applicable to in vitro
produdiién edttransgoficcatimls Pdistwssed snfgreacaRRtimbdlat)edn 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; Wolff et 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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transfection can be found in Current Protocols in
Mol ecul ar Bi ol ogy, Ausubel, F.M et al. (eds.) Geene
wekioMNg Associ ates, (1989), Section 9.1 anpCT/IL2004/000215
Mol ecul ar C oning: A Laboratory Manual, 2nd Edition,
Sanbrook et al. Cold 5 Sprd2ng Har bor Laboratory Press,
Biof. \ORS)., 2638 AU6Q DS Whfkod %t 16 (;19919)" JOBJE?FC%Q”?@:%3-967- and
I Naked nuc n be ’

| abor at ory nmanual s. el c acid cal

U.S. Pateaad .5, 66,820k  Bindhy 60t ﬁlﬂ:léﬁ_c"ﬂci(d-ﬂf@&nd)fcon%ﬂ@( to the
nucl ei c acid and DEAE-dextran and incubating th

recepitan Uneilimates upiske alfl the DNAI oyt gdeptorfmadideedorendocytosis.
chl oroqui ne shock step can be added to increase the io

Recgriunto srhiphellaNA-tgrerl cpmplex haseamaiekinchude the transferrin
recqgify mnd Siq Gnalspheapiesa-ar o TN ealednd mplsadinnido
NS| [ ti: t f d f .
sac 8% Dbk, e B2l BocBRTLEL! AL e
matefifl Bfo WS eytbplasiN Ol bd 85 for AMHE Hb 2 ng;i%I?O]gﬁ{ée otnéglrenx by

product but”is not a nethod of cho ongc-

intrpeaibidart iysosaahesa(sgerdor pxatplet Cuffslogtago ¥ DK PrOEANGAS Acad.
dextran-nedi ated transfection can be found in Current

Sci. /8 50 188 SOnChistiawuetaal. (1993) dgye. Mudwbetd, SEi. NVS£00aR122-
d G bl i shi ng Associ 1989), Sect |
B VA Rl E e N e I e et AN, AP
cel S0P TP Thadhaa BihooRe! 18, 4B Thome: gt oA

i t e 11C.. 1.0
can b IR LAAPR! 30K NP rn Ry B BBl
bind® a tekbtor 3Bl clihely Ritptbéd 86 hdato@OEEIN6T irtEred)

appropriate buffer and subjecting the cells to a

hi dhenablingehel esked DN lis éntrdheedfififocéedizay aultube i Gy
nucleic acid is introduced into cells by )
oneepb G HaBsisction techniguasudescabicdyabotie) snleagnmlbffractien of

celIS gAY 4 ok K L B e armm i oG REE (D B amogie
-4 oni | ti f th pa. .
senlfifs (0, BREPNGS 1t SR EaEHER the & ebiogheli T Thisnardgy o
idefti NSRS twBicW B/ BlkdeB ¥p ¥ oobidls PP fi@pdaﬁ%ﬂége%us to
applicable to in vitro rﬁ)dl chatl on of” cells.

trarBfeat anolesc hod ergbditlsr 0 peltatablgmasidr Snieathe Re1lfDumd vith the
Current Protocols in Ml ecular Biology, Ausubel F.M

nuckgic geid(ge gt iptergséehesfoued isslsctalleAssokératiasiude 1888, , which

ection 9.3 30.and in Ml ecular Coning; A Laboratory
confgn Eieoﬁl“?(a%(ff'd tR s n Sukh sy &le thygromyerp god/ oysbatyexate.
Sel&H b1k Lfﬁg&%fso%%)ll?e in%}oduced 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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Col d Spring Harbor Laboratory Press, (1989), Sections
16. 54-16.55 or other standard |aboratory nmanual s.
wa\pwtizgo1net hod by whi ch naked nucl ei c aci d caPCBE.2004/000215
introduced into cells includes |iposone- nedlated

transfection (lipofection)9sThe nucleic acid is

up '%1’&? ‘Z}eé’ﬁ)f Huﬁ[e)wa AR vAth %EH%F %Qst‘éﬁﬁt%én%éqgse@getéthgg il vitro

l'ipid | posone co
or i tibo. ceI | s. Liposone nediated transfection can be
used to stably (or transiently) transfect cells in
cul Defastiva retrovirosesPrire twodbtimracteribed faung innpedd tf@Rfer for
Protocols in Ml ecular Biolo Ausubel F. et al.
ZeNCHISTAPYPWPAECSPUBT TEHEWESE irateD), (19989 loodete: i261). A

recRlphi Y APy _éaaét@e?%%{}%réﬁ"t‘a?cﬁ i Aesiciaedivid encoding 2
gel?ecf)g@ iﬁe%t&%kﬁ?#ehﬁﬁsﬁfﬁge Sf{l(f)él exa&gl g{ ol au11

7 8
Poﬁirblgg h%fmﬁge??%tré\ﬁﬁlgéég&ﬂ‘ caf! b?\/ggﬁoggé th ge%ldéggﬁe rﬁgowrus
replioatich defegeve.t Ehetedicatiod WBACtiGENeBHird D thifl, ga@ﬁa%ed into

Naked nucl eic acid can al so be introduced int
virippsdwhédt Fan ibej et toginfedien tugétecal] dobdghnhe usbef a helper
For.an in vitro culture of cells, DNA can be

V“’ﬁlsn{)}’ Shmdard Isphricuesi Ijoseqolvror rodeeingaepombiant setroviruses
and G BleP t?l&@tq??\%' e ?ﬂ%l v Tt SRS <301 oe bpurd in
Cuﬁ'@ﬁ‘ﬁl”%to Qs Stht Wléﬂﬂaﬁ"@e‘léﬁ ﬂu%{lgfalg{Pe fg; QLPallt s(g&ssb Gregne

choice 1rsIint pro

Pulsiihire Asécsm@y 5§19 9}, Betibad 9r1009*'1@'ahdg>gllxé}"§)tanda?d {d¥oSatory

situation, I's stably introduc Into

mahieals | Emmplles @ﬁ“}ﬂuﬁablmfmaubvlmsésmgﬁlud@ PIOMEFTPOpUEY Gh@REM,
into an anl mal . The resultant animal contains cells
whichy py5 el i vpnoi thasedslsdddi it ¢he hert.oBisytnplesDiof entitable
as al so_been.used to introduce naked DNA

Pach‘ﬁé’gl%f:‘!éﬁ]% 1ngs {GHedg §@é’11él‘fgf ﬂPA@é’fa@lﬂd atAml Repgdrupes have
815-818: . W 1990). . S

R A Ry R %F&%%rﬁmﬁa% 15Tt gD &ypes,

incBidin fe%‘ithbﬁhlecrcbpg AR €&kl 1§ Méﬂ%}rg&? N aglfelgoblasts

use an apparatus IS conmer Ci

hep(aexg/tes boeemBirafiadills, Nakads AHge1S vﬁ%‘ @eE 8 S8mp! Eghtls
coi npl exed to a cation, such as polylysine, wﬁ1 ?1
et o (HSSY Soderzel 23NkBFoot 398; dednosand NaHigaecE@98ey Froc. bNazl
%ﬁgﬂ?% (zg@’\%% 30 receptor-nedi ated endocytosis (see for
Ac E46@red oty Witsom, et(al 9498 8) Prawe 900 44 8zB Sti7 USA
85:5014-56 P8R HA20GER 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) J.
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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92 Biol. Chem 263: 14621; WIlson et al. (1992) J.
Bi ol . Chem 267: 963-967; and U.S. Patent No.
WG 208070920) . Bi ndi ng of the nucl eic aci d-1i ganPCT/OIpd4000215

to the receptor facilitates uptake of the DNA by
receptor-nedi ated endocytosis. Receptors to which a
- . d .targe [ e
Ve R LB IR SPE e FohOBr epppme (and
foreRaeRbElEic AiPWsdricdanto ¢9 %'wiﬂte%tgﬁe% fifo tﬁéjﬁBQ%’ EEibine to
capsi ds which naturally disrupt endosones, thereBy
stabbl eaisodipe matleid akid ftio the cellt AfH\s Mt aady R wseskshs to
.avoi d degradati on of the conplex by intracellular
stipyibade oopdicatier of thertacgedeplle Curiel et al. (1991) Proc.
I\Iatg Acad. (%;i. USA 88: 8850; Cristiano et al.
(19985 gsngme hen adgpeidrussean begpangpulatetbsudhotha #egncodes

o SRS Bt N, MR85 S e bR SE

tb] L1 -he. t an_be
0 Sl Nl dora 3, h0%i8090 AR W8 KRSl EBPnlEer
(1988) Bib Tedlg ki 261 6; R SR 418 @ al Q4 991}3&1@;?&6%2:&?13434; and
expressed on a target cell of interest. Generally,
Rostreelchak et (DBB2) €elin68:0dBclsd. iSutitablehdadvirat wetidh€ derived
15 one of the transfection techni ques

g., by
frogjgggq @Q?@éVHBS)S@ﬁno@#dW §1¥lb24 br athter straink ofcelehevirus (e.g.,
AdpF Mt AaRiteanare el Kiith o GasrRialed o the rieRespmbinant
i L epi Ily). Thus. in.order. t
oSSR S LRSS b SPLSPET s RS OB v
effbéiti\%d%'é{ét SRR grlﬁ_cle*sfa%asa‘aﬁ% ﬁ&éﬂ' t‘a'iﬁfe%?;a%%gg%gigﬂgoﬁceu

sel ectabl e mar Into the ce along w

typescliedladiagi dirshyobpithidIRme S(RosBARNET éted] SEI®oY abk& supra),
mar kers i nclude those, which confer resistance to
endjrthejeal sepdls @enetdgndhyigabry892) aRebareNdibt 4 exditSei. USA 89:

A TR MR RN AT S
' d t I i.d. f

0] BTN PO B BB A 00

L 9028954 R SOk taueLs A g gy

DNyer@mpiinet elierein ig Gidt Qhtedate@lih® Wel Pt 'l a NESE &1 but
has the advantage that a | arge proportion of cells

remajoeiopisonied, thertley avaididg Whiteftialaproblding ahet the oeeed as a
f@r sel ection of cells which have received the nucleic
resgit;of insetignali eptagEYesini situdtions evewrd autrodludednDiNe becomes

int B I hoef e @ wPoniR) DIV L oYl cHieisaaing
caﬁa@l‘t? '} 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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WD 2004/ 078917 PCT/1L2004/000215 93 up viral vector
nucl eic acid and viral vector systens can be used
W@RGher891M vitro or in vivo. Defective retrovP€UH2904/000215
are well characterized for use in gene transfer for

gene therapy purposes (foroseview see M I | er,

Mu&%@ﬁ&)et%h 0087 G %Zlf)z MiroS Mﬁﬁ%h@ﬁ 7 od: tlgg"g‘};@ggat? is

be constructed V|ng a nuc eic acid
alspoad wftthefew Vifises that dsAS freshrhfe! B DIA lifld Rd(ﬁ-ﬁﬁh?mg cells,
genone. Additionally, portions of the retrovira

andgexiobits e dmglh &reqeenoyent stable dmegrationesee forasiainifie Flotte et al.
lication defective. The.replication defective

(1998fr4m. J-uBespirt Gelh phadk Bédd Ti B49-334;r Saumwslskinki ah (@8R9) J.

vir &?&%%??LS%ﬁ%%%%@pﬁ%Lr%ﬁ Voo dse3r 5173).

VBB TR ] MR BB R R P

1ntef§‘3a't%d813£be f@r‘%’k@?é d:ffs%lqgo sshrlgﬂew S5MIH 5 gEOAB%AV vector

sube eene ubli
sucmmaaﬂmlbeaaﬁgvmssmr emsr@sls; z@oﬂcan B9t rtr%r3251 3260
standard | aboratory manuals. Exanples of suitab
canr g nssd tuigsdune [DNA. inkad) celpZI P vapdly antuglEM aclds mve:been
nown to those skilled in the art. Exanples

1ntr@f1ug%/$tlgt9| differeak £giln§ynesr usingi AdsVi vedtonse (Sﬂed(grp example
He%ﬁ'?f't%&a’e’%ﬁ@%?@qcy@ ks S W/ﬁéiy&g@e@e b7 Brratsghin e
ol (4969, prancEugt g ookt el alosie B SROKNEL 8! (fls) ol

I'ynp ocyt es, asts
End®rtol, 1:323% q@a@@l@t o fr.

Eglitis, 20 et al h(léggg)m%%?/)er{f: l fﬁ fgga(ﬁ%ggd Flotte et
al. 0&96$M1Mh¢rgah6€{ BI88)3c. Natl. Acad. Sci. USA

85: 6460-6464; WIlson et al. (1988) Proc. Natl. Acad.

Sci It%‘ﬁi 1@&3’3@&@ mgulaAmxemsamm gectat systeA0an) mRethod of
'trNa Sci.. .USA 87:. 6141- 6145; Huber et al
Intpqeeie frBt Cic 3@d |intong ¢! epn beyssaessgd igostandaubapmenthes

roufthelfused ot off *for FobpI R, §690us8i dpie, aceslbgan be

Ry T P T

pr odiﬂnmi Bh e‘aﬂmtllﬁmﬁﬂdf Bérodubad DA cah. be(de(%&%d Fi"o?%xa%lé by
Acad. Sci. USA 89:10892-10895; Hw et al
Noqthﬁmhigttmglémmsbogmmml cUSePaiwruraﬂ‘dorlptfh,SBfiy&bﬂrﬁ@raSéJShaln
rea%@p &é&%@g} 'Igw gé%ggpégmﬁp%gtgaegr{)yvg gl%r%;lllgt% 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 system
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.



10

15

20

25

30 Application WO 89/05345; and PCT Application WO
92/07573). Retroviral WD 2004/078917 PCT/1L2004/ 000215
wWQOZ20PTH0T S require target cell division in orPer/I1KE2004/000215
the retroviral genolne (and foreign nucleic acid
inserted into it) to be irgtgegrated into the host

ool s fi o5 tﬁosiév o oriEBuly Boflste B2 pbPfation of
cell§ S\ggﬁlfsaiﬂ %bd?f'lc to’i”eg? Targf %OB RiolBf 368 UL %n élagfﬁment

novirus can be nmani that It enco

exp! ?ék@m@@tﬁég@ﬁe ﬁrcﬂﬁi&@byﬁl@&é@ls @f% | 4 igfofdn thbicatSwhen using
inactivated interns of its a to replicate in a

a vingirexplessioni vecvon) ahe lmddafieg cplopulaﬁeﬁ off aclle xaypheudderkitkout
et al. (1988) BiaTechni gues 6:616; Rosenfeld et al.
furtheo g:0)atio @m&t@ci@zngswf indwidupd gellrosidhindhe pepulgtion. That

s, éwé?qgo?ﬁﬁ uEReieht REP<RERABATBS E50F AT oy PoPHIRboR of
ol s B, SRt e 1S b kel A O ey e

desBﬁEf&W@ éﬁ‘éﬁta h&ﬁ@g&i’dﬂ L@?ngeﬂfo% ﬁﬂ@ﬂt‘i@ﬂ@%ﬂ%dﬁéd‘&@l‘s from a

hey dd& not requ Ing cells to ctive

smge nRodi€lked \cel o iedlhtel @slsawtli dhaetfletentiseskpressi the @ehe droduct.
w de variety of cell types, including airway

Suddpiat pepulatior Rdsenifern etlsatan (bb99)23pamd &y toppta)g al§ngle
endot helial cells (Lemar chand et al . 992). Proc.
moglgfiad celhyglimgang dimao gloning sullewebly eﬁ ing fheesingle cell

Sci . USA
B T08 sie] paRbIsAdL. f@@ﬁ%b@%ﬁ%ﬁ@aﬂm@?e% (1092)
P
e A P T P i
canDIW@ %@ﬂﬁlﬁh@&ﬂml}heﬁtﬁii&i ii® H&haﬂoﬁb%‘babéﬂs ' ﬁ&l@sp‘li}ﬁatlon or

genonme of a host cell but 20 renmi ns epi sonal, thereby

im@Ereiatong Heaceddcal dlng obherothet Bsptect aﬁtlmqm&mrﬁsn@entlon there
. result of insertional nutagenesis in situations where
1s pravided acedhplaf hetwieroictin edly transplantation peirplgntation into

a KEGpRBEL ﬁﬁ?@ﬁ%é@%&ﬁgﬂo Mt G P SR i
e BEP% R, St ATl LB ST o be
trardpll adEUTREY 2&-@08’ S ahamd 1&&16)1111%1&4@ oclhfé%nt?a@a'l of the

Most reépli’cation-defective adenoviral- vectors
hermnaopentitystem ugtlsabe: dgl ek edvd oproatidingr sgidr s&nofcdlsewith

viral E 1 and E3 genes but retain as nmuch as 80% of

condiieonsd éorovelt giroémetion, ad i) airovidign sauls sisol aeBsl with an
effectlrvlésco(néén ratllc?n %f %aﬁn%ﬁﬁlla't& (())fc ﬁfgrlizlrnlgsedggt?\%%yl, ngldvrlnrolcjiﬁlator
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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that requires another virus, such as an adenovirus or
a herpes virus, as a helper 30 virus for efficient

WO epkiozeati on and a productive life cycle. (ForP@r/meeo4on021s

see WD 2004/ 078917 PCT/1L2004/000215 95 Muzyczka et
al. Curr. Topics In Mcro97 And hnmunol . (1992) 158:
3-kifldsel 2% mohﬁla't&r se?éc%é?i £66 8l Oéraﬁ% cgﬂéﬂ’tﬁlﬁéﬂgf ﬁntﬂ@&t@éﬁf PI

intégrate | I'nto non-
3-kigxd Lithlstia zi@lugi’cyf me@na@&meoéolgﬁwéﬁld@&m b@@pééﬁ%any
for exanple Flotte et al 1992 Respir.
hybiaizingBivath. ar7 mRMA- tsﬁﬁ;pnﬁaamtcﬁmg é’ﬁ 3a]qna$é,9183boz}ymé3 wh1ch
Vi.raol . 63:3822-3828; and McLaughlin et al. (1989) J.
specifigally clsaves1Blb3-kingse) transgsiptss codingnsesiuaness awd/oi prdmoter

300 b d
el grath s el c%caé%@é&%@usfmééageﬁﬁ?&e td 3ebisase
at d d
el e%‘?%%%% 0 SRRy TR LRt Fansps
or DR be usedto introduce DNA into cells. A variety of

nucl ei ¢ aci ds have been io introduced into different

celd ahythesparsiculir BMbodasEar 6f (h$Lespedf o #RPYeSent invention,
Hermonat et al. (1984) Proc. Natl. Acad. Sci. USA 81

the guethod 40 effecteds by e)eobtaaning( hedGjopdtic Gedrh &l .to 4be
(1 3081 ndi sf rd et al. (1988) Mbl Endocri nal .
trangplanted dron cadanar O)opx-uivo expoRding pndvinhghiting gifferentiation

of e e Snsfaft, e 66 by B -G Dhraping, i sEath oS o
condifibhe fof Y l1Hattiraibh  ala 3 BB ARL JARY sBF (I §han

effet@ud cogdentdEed dim hliRiuBthr oF @I ﬁl&ﬁ‘ﬂﬁ’ %cn% daid s adr

into a cell can be detected by a filter bridization

seletiedmapaqble dfelogvnreSaatihg arPlbd-Ghiidss artiaitd oRNA expradivzest a
transcrllptl on of introduced DNA can be detect ed,

geng @nC@éa%q@l Rl 31:191'1@8@3 Kewrebe enpinding iand, mRNetes g Sereotiaton
of sgiddiBigracirpn Sgﬁé'aﬁ%rﬁe@érf b impniae dbe dgmsgopicto stem
ceI B0 1o SRY ver, B SF SPRY iibnt e P Bftected by
provi@igi the GteR EEIROAYh QLvi %’) c%#}t‘hi"@%ﬁ&ﬂ@ﬁs gﬁgt%ﬂuélﬁ% e&ag)ﬁ& ty

a functional activity o gene pro

of tlenstymmdcils imsspynding tb RigmaEne p@ﬂﬁﬁé&@tm%lviﬂg Bl ?iﬁnés@ be
25 interest to be expressed by a cell is not readily

as$hyadiner aml éhpresipicon sysbem smgie findstidied or different

d {n gd usi ng reporter. gene_ linked to the
in 1Y’f§lib‘a Sat 8Py SKeREky s allprgnciect wdiviguals. useWWhemeallogeneic
tran§pq919tra{18fi 1sgSract18Q(f orggi?neas 5 rllgdlpcrlr?g li{%f)lan}A@éJegtlon 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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easi |y detectable and, thus, can be used to eval uate
efficacy of the system Standard reporter genes used
wo poottloz8oaT t | ncl ude genes encodi ng ' ( 3- gal act oBRCTHHS6(04/000215
30 chl oranpheni col acetyl transferase, |uciferase and
human growt h hornone. WO 2904/ 078917 PCT/|1L2004/ 000215

aspet Wrethd Niefil NRfeHESH f‘soe'fE&tEHngg Ploﬁta%ﬁﬂgi ﬂrdg%hﬁor
a popul atiion of cells results in drvi catron~o
hehatopeieticogtent ¢l bnt Agpatieht; (bped-185J khfing and inhibiting
_expression of the gene product by the cells %e. g., as
differentiatem ofthechematoperetiositerg cells\byr: dl) poopidiagithe stem cells
vect ogﬁl, the nodified poPuI ation of cells may be used
ex }ponwith endiianselor jcgB| prolibmaiden, samskc (iprproyidihg the progenitor
i ndi vidual cell.s within the popul ation. That .is,
herpREinBloey ol i P LHEEF GBI PR GAies OF e ntdviator o Rk 3-
: t pulat | f I S Q further cel
kixie 10y RPN bRRuBtor, 5Bk ST TRl B Mgy ehliAfhg °F 1 3-
kindes iaabite droad e RrésiHRnBeen iftg ] -kinase;
ide(?ti call'y moditied cell 2 gﬁemeg&%iﬁ%gaf)g)l?rjogf’%ausg’dthereby
expazlding and fdlibitieg ciffesentintion bf editlistdrarelly; SR Sanéfienting
gene product. to Such a popul ation of uniformcells
or Baplapeng thepprioganityr hieguatapointic atesi nelleintoradedipedt.cel |
by Jéil m'(gbng dilution cloning followed by expanding the
si ng @qtaey parfiqulap embodimentifhe aspart ofbeiniesesh iwfention,

sefidbh W bR o T By g Toi S Siheeiiigns for

I tihi zed. | t jeti.c_cells
rod e ST oo S S lcelh 2R P RE 8 Phlfg g s
invobviag M BekirRSOebbredly dxpandin@SLPbpulaMERireRe LRET BellsS while
rovided a nmethod of hematopoietic cells
at the aamp|tont, substantally mplikinngtdi fferentihtion af tiecit@inartls. The
met hod according to this aspect of the present )
i nveREFIEHY do afiefareed pbediment af rihegpresedpinvantion, the
f . _hemat.opoi.etic,ste ells to .be transplanted; .(b)
mogylaior, Belsgtﬁénaﬁpﬁl&f%ﬁg] ﬁ%ﬁ@rﬁgﬁaﬂag ot fHlepanntssr pgiivibr or an
: oietie st l.s o (d X, VA VO
o oo sBbadin) F LR o el fiR e eroup
coriighinicl @fahh Omhiig OFi PT PY_RMiadl NEhtS) i? §ét§7ﬁ3}: e%g} Santtdskse
an effective concentration of a nodul ator of
polgnkilnaisde aapible tof, sisaificaiiydhiiaidicings eligc he dnRapahlssefipt
downrequl ating a Pl 3-kinase activity or an expression
encoding Hedekiapteodd niberyme vikich aspecifidadlye bieagspdtdBrgnase

tr and | nhioglti ng differentiation 25 of said stemcells;
argﬁalpkse)c Fin SPIUREPh gREI0T iRFBIRKR Flgments, ansifdpdi melesule

cap%t)fe”bf ‘fl’?(l.ldc'?né '?fegra%a{igﬁioqj F'S:kinase transcripts, 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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According to a preferred enbodi nent of the present

invention, the nethod according to this aspect of the
w@e@gero11 nventi on can be effected by provi di Pgr/i?2e04/000215

ex-vivo cultured stemcells with a nodul ator capable

of 30 downregul ating a Pl & kinase activity or an

i ' i 28917
T 3001 2 B Gy PATR IR 1 Y uatREI i e dggor

an feffegtivdanguey pf @omdidalatfgoPPI 3tkinady Bty 8f eRpression of a
3-kinase catalytic activity, an antisenseée

genpoenandoigeBl B denasaptid modflaspesel detatbtdpableybdbethzdgntting a
wi-th an nRNA transcript encoding Pl 3-kinase, a "
PI 3-kepgeaciimite 1or apexpressim of A gane enppdigkPhaskinase, and

har i e e, b IPHRRBI Gl o capabl & of 1 nduci ng
; . i |
i hBh AR, Ehy e SaBodb A B 4Bl prBRE 5 IRECHHEne

invg%ﬁlﬁon,' SRR St PRI R AL fT el ﬁg{éﬁgxgnlﬁf&eﬁ %o ﬂft—:oﬁ@gor an

the present invention, effected
effé¢ajveobtmmiunt Rg fiemgeapdoetréducsiem egpdcstyt 6f RBe stén cells in
transpl anted froma donor; (b) ex-vivo expanding and
respemdling tto riggralinigepathwiags ilovoluingt RE 3Hanmatey phérebiy exphrding a
‘iel l.s. by: ,f(i ) ex.vivqQ providing said stemcells with
and gihipiting ditfersptiaien ofp popplaitigniod pong meartew ceds.ovi di ng
sai cells with a f.f.ective.concentration of a,
o1 aPlsh fheindthuds, B8 andlifieian, S S St Qb Comprise
-aet: I r s - K] :
sARRIREHRE (RRLA0PL: IANDLRIU MR el KBES ong carty
cyt8kitien@geich hheprRRYNGX RIEH kH gndd delmhhf%mza?io into peripheral
differentiation of said stemcells; and c{l
bloodanspl anting or inplanting the henatopoietic stem
cells into a recipient. In yet another enbodinent,
st epurthpr dcsowsking tq an asyect of dhe giasgnt investiemtivet is pwivided

ex-vivp. cul.t.ure condjti for reducing a _capacity _of
a njghod S Eiputig arbiopiR e tag o8 6 EYhregd pacdeyseels for
[ ' ln 3= Ki e. 20 .The, .don and the recipient .
the SURRCSE ¥ oo b B catiind st 1 Cnechod ap g @, s
aspelf of le§entd |sCe 0Ly i |
Lo GHRIELC AU DA, LRS5O n o
modofatanéf Ple}-gindsencand| oF edpkiion\vsa ter®bd ) 3-&%n
wel | know in the art%ﬂishou?d be undegr?%keén. %%?ﬁ[ ase
thermgilwistor setesterlicammble pf posaremaating aRinhikindserapiyity or an
Most ad;{zanced regi mes are disclosed 25 in publications
CXIBGSSHhOE @ genceenguding #13-kinpsey tharabynenpeindprzpeny idsbiting
difP%‘r"entlaar’E%n‘]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

25

30

Hermat ot her Stem Cell Res (2002) 11: 265), Gur H et
al. (Blood (2002) 99: 4174), and Martelli M et al,

w@ Semiorsoemat ol (2002) 39: 48), which are i nchepurasdo21s
herein by reference. According to yet another aspect
of the present invention tihere is 30 provided a

met - V& b9t BS " r.digigs_

R 3@‘“2@6@2‘8? i
kinbbe axpessivh R Vamlviton .6, aflf 8atifsked InHiBkoRDHdrRintthin and

Ypr ogenl tor hematopoietic stemcells froma patient;

LY@R#00%- \or v entiPhaddiingseandtibodieb) thayg bedityf ar @hhiabdsutical

of the hematopoietic stemcells by: (i) providing the
corgpesitien|ingluding vame, which sepydfuntheysincbidecthi¢keners, carriers,

oliferation,. and (ii roviding the progenjtor 5

bulfgrse YpeRtar s Lacs iV ARl DS BALGS, Sish Bnlikaralbas ofel

r of PI 3- kinase activity, said nodul at or
kn@@ﬁglg#geg&rgapabl e of downregul ating a Pl 3- kinase

act Tkt exip ' f ] ]

i e PhaRhpARIEAPEARBbATOR md, BEARRARRRRLT Faflbus ways,

deptinidirgy enthapicfereate $&i ldcslt @M YeRINhIS; trédfflefC hnd on the area to
transplanting or inplanting the progenitor

be Heaate®b pohémimstsatem oyl be idune wpiediyp{irctudinkO opthalmically,
ang@ger particul ar eglgodi ment of this aspect of the

vagipallynfectalie nitenasalip e prally, by inhelatenhoy percatdraldy.edor

oL, SRR B ) LRSSl

. i i na- - ki di .

RN orbHRIKLAG Bl Bk bPORCH PRRERUIELAML 08 e
subBb@milaabhY fdrnbpRht a&gjrgst&it%fﬂfay%élﬁge,%tt 416 fn%ﬁ filhited
cells. 15 According to a preferred enbodinent of the

to, dpees)t ointments, gels, thamsiBdppediniieseiagisetiqgaakakbmyafand

downregul ating a Pl 3-kinase activity or an
powdeise {sinyientpnal phenvaenitisd! eryrisrsPrqBedisnpewdésor oily bases,

.selected, fr t he grou consi sting of an inhibitor of
tm%?eﬁfﬁ%é]@qﬁgﬁt%ﬁ%g? ee%é§41Viqr>ﬂ,seS%%b%§nt i sense

pol i decca I f . cifi.cal .y hybridi zin

e, HOUTOSRRE 208D, FebyS ALY YRR B s
sus?bﬁﬁéﬁsﬂ;@r Whh##onS RE Gl AteF Bk |n)6n9§.(§§§§§ nfddia - $LRAS capsules or

ranscri pts, coding sequences and/or prdnoter

tabten®hickenan, dilikis, i @elilge, disp@aiioenias, dndvigichgor binders

degradation of PI 3-kinase transcripts, and a DNAzyne

mayiheciesgpllei fical |y cl eaves Pl 3-kinase transcripts or

Thel effect of the agents that reduce Pl 3-kinase
eauylghions gk pagenisral 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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for these agents are envisaged. Hence, according to
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~ wnhi. .z aki i st ejin
Ao S o EL RS ClePRA IS RID 1RO R FRCE e
mag%\aﬂ%htﬁgeéﬁseincs%kﬂeszg) iieetiomd. hod according to WO
004/ 078917 PCT/1L2004/000215 99 this aspect of the
pr eAecurdingvenpieferréd embbdimteads by tieapreselit in siitédr, pyotiding
the donor an effective amount of a nodul ator of Pl
thezstrimh geBs agxth viheycadidonsr éssesrvive cgll geolifemtivndcompikes
3-ki nase, the. pnodul.ator sel.ected, capahl e of )
Pf%é‘ﬁﬂ%?@%%ﬁ% Wefnutpents aaaﬁ cyekingst ?P rgferghly, the cytokines
e ion of ;a gene.encqding, Rl 3-kinase, a
ore EROERT R el PEACTE Bl 8y Hap e 8 i 4 actor, FLT3
; t: {icC )odi At hy C in-
30880 cARALL kel AERI0L BNk, ErBaREeS P10
int@¥erd@iilni stueddreetDsisFadlonel ad tRlhSSdII&IRMUNtWAf be
an agent for reducing a capacity of the'stemcells in
appresiptaidim thit aespegbahatngoyedtdytekites awocwhtndesly discovered,
3-ki nase, thereby expanding a io and inhibiting
sorgg fof s¥liehiraay émdosses ipdheinzathods of celbeapmsionwl ¢bé pssent

. Preferably, the nethods of nobilization of stemcells
IVERfieker conprise adninistering to the donor at | east

one BB o Pl Y
grdnﬂl&gtﬁee gb@f?ﬁ al stiﬂ?ﬁl%ﬁﬁig 13cfoyrt Eﬁ?u?&%}%/ﬂia@ﬂ)\ﬁhgé dn colony

aspe f thé present ThventionTthere-is pro

stinelafiog fattornkihhtdpoéetimtRGRE EOF, NNGFenepGFatilen idpatocyte
eri;thrm d precursor cells for the treatnent of a

gragvthdaeigt abd nosagtiage patdngrstimilhengréadtiard accor di ng to
thinf aspect of the present invention is effected by
adn p¢ stear icels to benexnsaded by tha methedRfi thedgpreggnt ppvention

o RS T o SRR
metRRT SOMA! +8%icdaPhre3 Wé'llng‘u.?(ﬁxéﬁgh' gl'eLinrg nd® Q{eh g?%%lsbed’ for

expressi on or a gene enco ase,

exauplan e Mtoanshd MO Hiktdphe Fdklf Efe%n{ZO@tl? Or3:04239 Roach ML

4 popui ation of stemcells of the patient, such'that

(Methods Mat Biall (2002p\U85: @), ddieSmiuhat 6Anof FRlv Belibas Biol
fromthe patient, the stemcells )

(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)
Blood 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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undergo, accelerated maturation, resulting in el evated

fetal henogl obin 25 production. The nodul at or used
wa@ewendiony to this nmethod of the present i nvenPCDIL20G&000215

be an agent for abrogating or reducing a capacity of

the cells in responding twm2Pl 3-kinase signaling, a

AHEBRELS B (BN 6061 i3 B0R0S8 el ek
2

itory Ki nase

@od®odi ment, the net hod is effected 30 by further

adm nistering a cytokine to the patient. WO

2004 pYSeifly RedTelded 089 @arl 2dult Glerh reells-ivithe hematopoietic

settings, administration of the nodul ators that reduce
systemg- Henega sscendme bs o greterredotmbodignent ofj the presdnkinvastion

I nhi bitors rtamnin. and LY294002, or anti-Pl .
the; sigim, §§ﬁ3 A NEBAIPOIctita iRt cols. o Syrhrsiera el cean be derived

i B ab ok ephBh SPGH, HA4 el pEbigin g bfooa.
MEED B SRR VRS BI0Y G m Bkl D 1 stalietigre

walbknb@nadthpiast, aneldding, s8ldcats MRD 1308 TH Y Qﬁbﬂeﬁs‘?ng
ﬁreference for local or systemc treatnment, and on the
ce

$.e&1 d 33bend K@aB4 dcelidinichidet platipotentstenbeclionad very early
topi.cally (including opthalmcally, 1lo vaginally,
Progeauier |oplls, whicnawder yhe appedpriate bonditioas anayomevest to stem

[y, f . le by i dri
oGS Tl SeohbspinitEt ebhoous, subdural - ¢ o
o | 3 osor B . . .
| iR gt Spufine P RaRa dliheabtadhe Gi&efPinugption
to ?E’dﬂ_ti@b ShdsahatOfeMBE]k 3)2&%@? in e m8h&Rear kT f}z?cgiontcﬁ’ blood

otions, olntments, | Creans, suppositories,

(i.ey oplsite Iblepd dslls)s waay endeido &fpapeivRensing CoRYBREARRALST the
phar maceutical carriers, aqueous, powder or oily
presggemvention ke feshsorasithildrdo Isteoe catbyeiriched (@34 yelbfraction

clﬁsi ag%e. Conpositions for oral adm nistration

of; E‘P(ild Wéggorémgg%ﬁﬂlf‘é%b()dl@lﬁ?@b@iﬁéh@rme&ﬁm duventionnghe
' - di a,. het s, I

SR R ity e o e

en%tl‘i’&) Wil ESinfdiRES cQlis. PYAY Oégx%el S%t; t@lt%.pqg&ln& ;fl}g}e%tion is of

.ormJIatlons for parentera aam n allonrm .
paitivullardgdvabtigeabecan®d it kélfdviedht Qed®ugrided &1 éhtllh Q8Saration

which may al so contain buffers, diluents and other
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
diminished 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 transform into cell lines.

Hence, by exposing such cells following sufficient expansion to growth
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sui table additives. Formulations for inplantable
delivery devices may simlarly include, but 25 are
wmoao4l78yit ed to, sterile solutions, which nmy BCHDL2004/000215
contain buffers, diluents and other suitable
additives. Dosing is depemgent on responsiveness of

contéiﬂ?orp%?tgg grt(l)'j'é&{] dff%re%a&?)&%gghduceﬁu ton@"v{((!)l%lﬁ Ooren%g%] %fo l?ﬁaregpﬁle

es per course o reat

ex-b%tdifﬁrergfagp?ﬁﬁ‘fﬁé adllsdRYdesied %g‘g@ﬁ@ﬁ, el & v%ltziyﬂd in

arequire ect 1s achieved. Per'sons ordi nari
vivekid- laad tighstdiffesntiatiam easi |y deterni ne optimum
dosages, WD 2004/078917 PCT/|1L2004/000215 101 dosi ng
met Apdsddlgérem “mstdiffpentiationy nefareso differentiaticrasiadult stem
adm ni stration_regi nes may be advantageous in sone
cellgppntoc &t itiseae  fReworvelisly theypresrer dedvethbodioreskample, the

T A e T TS TR
blogargﬁﬁg §§I§§}itét€95%‘éai‘?¢e%tfgﬁ pcells with nutrients and
W tH eyt o F e

I'NES. erabl'y, the cytokines are early

act AnG;sey tHFEiRCSransUilteRhitialbh” Referd itdidiBrchelatish &P adult
cell factor, FLT3 ligand, interleukin-1,

steintedts Bik iant Ruei fivdarwhicki thed, wérstmestl dewkied- 6For example, the
_interleukin-10,  interleukin-12, tunmor necrosis .
diffesentiation eh@D3Mr hebwpenaactin cells tavcells ok diffgpateldssae agigin,
in thi.s respect thatﬁﬁfovel .cytoki nes are continuously
€. 2¢{IRYQSEP £anStiytes GranswHiIGHenEATIGRy find uses in the

I L R
o] 8 AR Son SAEESSLCOL AR U5 i oo

ani@fal$ B@pRIr®. 1 Stent6Ells Wefe st toVEGES inlihfmy ik Q@Mttisues
15 grow h factor and macrophage col ony stinul ating

and act oglievEl do sixexnic alll tsstes beamxpdsdadulding bet met hogtedfto,
the present invention can be enbréoni c stemcells or

borgjmarray dikogdey SD EhishydAPe) Hoam oy diansphitthdldsl 1)
Pt B i3 & b0 MR b BB g8 247, e
R e e
(2%0@2 @(Jgéérpllc\‘z/’eélgs’s ﬁzbzh@ggg liJsZirﬁ[Bi;@ﬁbdi $hA'81 SicBractigldre expdlidable
using the methods of the present invention.

In a recent study (see PCTIL03/00235, 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,
lung, bone marrow and vascular cells following in vivo 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+ hematopoietic cells to

different committed/mature blood cells constitutes cis-differentiation.
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of adults and are also well known in the art. Methods
of isolating or enriching for adult stemcells are
walemanidded in, for exanple, Mraglia, S. et alpPCl/I29d4)000215
Bl ood 90: 5013, Uchida, N et al. (2000) Proc. Natl.
Acad. Sci. USA 97: 14720, 185 Sinmons, P.J. et al.

3053 danna rEersl SRR TrapBIaRon s e 1o

difReehieatioBRd Biterdl cells (AONEMYC! BWinkt &1 WARth %rezéfsﬁved.
1253), Stem Cell Biology Daniel R Marshak (Editor

FoRiexhample, LtheCdiftbrentidtiati ofr CD3Rubhemb@poidtel delfpio nglls of
_Harbor Laboratory Press, (2001) and Henatopoietic
diffsrent [Gsh¢ omigim $8. acardiaic oalls,WOn3 oM OB B differentiation.
PCT%LZO 4/ 000215 102 Anth rhx{ D. Ho (Editor) Richard
Chanpice ad steghcpldh ef themresent prvgasion’ geogppblesof

iRl o oL B ok o8 B Hicn GoRo PG Rt e
difBSFRRGIHERN caR Tbd ?b?e&gt&%ﬁﬁ&?; LeBRRE Sourdg @&gﬁ gaalgsggﬁsue

are hemat opoi etic stem ce stem cel

cobiriavieds,! frmmened megrd%@ﬁé RidRdilonbEAP heaifllized in cell
neonatal umbilical cord blood. Methods of enriching

rephnieneenb Klwpaipcel | s (nononucl ear cells) for stemcells
are well known in the art, including, selecting for

CD ¥mgediansplapiationk pf esxl bipodcsteims celfDima3MIants toa4been

PO RSP R S mrtel B
ik i : t, 1o st Ll t t

or B 907 IRV HRKE b8, PATRFEH, S g pRRARS and

aditib@rdd® diGINahE N RRe Hesd BN HePlna &/eor%‘é* :l%e Wed to

that stemcells present in the nononuclear

regeneacité damagedkisat afd irecell %’ﬂ)lb@erﬁélﬁotﬂefé?hrl SThus; @Re present
under go expansi on usi ng the mnethods of e 15 present

meithndoheg o san rbeauserd Wi dreagingi disordes stleoh cetjise awrtli ohedsue
4+ cell fraction of blood. Hence, according to an
repi?&?&%ﬁnﬁ?nt of the present invention, the stein cells

Fr ot Rord, SRS e Bie ol Hisbfi e ERsoil ditider, o
S kot S PLESEQURIFI M % i BREHAGY e
disoeldr, aep@eaikicon 20 prior to ex-vivo culturing the

cell's. In another enbodinment, the cells are enriched

f or Mystmt dpordars cfofml 3@+ 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-myeliﬁation and physiological evidence of restoration of function
(Repair of myelin disease: Strategies and progress in animal models. Molecular
Medicine Today. 1997. pp. 554-561). Future therapies could involve both
transplantation 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 burn in
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cells or CD34+ cells and are characterized by an
absence, or significantly di mnished expression of
wa@edos/ozsmt ace anti gens CD38 and Li neage speci f PCT/IL2004/000215
antigens (Lin, including: CD3, CD6 1, CD 19, CD3 3, CD
14, CD 15 and/or CD4). 251dst was experinentally found

an Eﬁ%alrﬁd gin{éﬂ {%1 p@ﬁcltlteﬁt fu§iﬁg|1§1%et'&@ra &SS fi ﬂﬂe present

respon osed si gndling pathWwa
invéRURY. SiMethods - 6F utlhﬁﬁxgr stetd Yell§ oL tPdMng. sddh a@ga%ders are

experinments, follow ng 16-18 weeks in culture the
proeceledsn LEB8aBatdNioo 5&5dalidd andUsS. Pat.ado.ty7th,#1 brenti at e.

In_other words, cells expanded using the protocols of

t hdnpadditian fonthen@beye- d@somﬁledt amiy:fa@pm ithg deaadings of the
lines. 30 Henc X eIIsfoIIovvl
prese Flil‘fﬁnélﬁp oA SR O Al S0 HisF eprie AbpliCations.

PR o ety ﬁ@%ﬂ?ya%ﬁ ps fpeptment of

cho‘ijéer %Y ENGari&- v ﬁﬂﬁh]t‘.éde r(ﬁntﬂlﬁﬁ%ﬁlﬁt Ofiisthigs cel W@nfeo early

desired direction, 1ncludin vo and 1n vivo
trar@PlhnkAtiis pridefigres nitildet oe e‘iﬁlrﬁﬁtﬁﬂlehﬁﬁﬁbﬁ/ (BM) populatlon

cis-differentiation" refers to differentiation of
recetity, mateatafinsd pephiktions ceraidhied foe stenooelish((dD34-h eyllsydrae

derived. For exanple, the differentiation of CD34+
beeﬁeﬂ%adob\é%ﬁp@s dek) st b Hamvesting chasieizasignaandr @iture of

L L
I+f I
R SR sl e

be @iefited eﬂﬁémabﬂh@f‘ sBfrdeP3hith hapEapRiat fb?odiﬁ'(‘PB) tadCRbdiMtal
of different tissue origin, “e.g., myocit

umbidiral cord eootir(@B- @rhidrese $IG. At-9h0 &mnsmmﬁﬁématopamc
for cell expansion in context of the present invention
preelaﬁsome rmxganm@zs fandmstany ¢¢lés u€hef newty gnn@ratloel biil @allular

anls both animals and nts. Stem
thef loodnastike” dbBe. *Uomestd oo Jav Hemapiangioss with

e T T
and BRes% f efJ"W 6L 308}  BORA VR 8?"11%&1%%)8%@)[1%% afilr high-

1253), ~ peripheral bl ood (Kol zum K
dosieaheavwtiEraps bl autoldBons’ ehitveeelld Raleestse inBiv® N dHngl J
(1998) Hepg?oP’ @ gﬂgg and bralgﬁi(Pagano SF et aIg
Med2889) 28, e1|9\96:eW1ﬁ1ah83 SE,Qa)aI Selectsormand ckpransanh offpadriptieral

I1s_are expandable 20 using_ the nethods of the
blo‘aa §§+,qﬁl,l§ﬁp| gnologous 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 is 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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In a recent study (see PCTIL03/00235, to Peled, from
which the present application clains priority) the
wEe@seTio1T nvent or unexpectedl y di scovered that PCER.200400215

expanded stemcells differentiate into various cell
type, including heart | uog, bone marrow and vascul ar

dj
Chegﬁéthﬁraggour ce% em ceI S ﬁg{r;]%{%& ?ﬁg 2% é%lf‘??y ot suitabfe for
norgihdl IdRhBRL | PO @it o wié BRparded s?érﬁ ];1? E&J %ﬂsggbn%hon

trans-differentiation or a conbi nation 0

provedesi saverh] helvantigbov@) iciaiuded g @olimé i@vlobéfe ﬁré(P for
differentiation of stemcells into a tissue identical

recppstithbon iof sweadult henatapoigtivesystane raddmei wbdiatEdhe need for

gﬁa )l e, the differentjation of CD34+ hematopoietic
mofg{zagop gnd denlenphorssis: (iik Bierables sioregaipbsioalbotimber bEPB or

tit ff tlat 2004/ 078917
OB A b SR 8 L i
f t f
e S AN T At
matigharkess. ToFQichexReR)! c%ntérﬁ‘i%aﬁhé ft@rh@f‘%éﬁ’é {PBuBlo éggél?‘}ﬂﬁlsmn

hemat opoi etic cells to cells of different ti
often icgntrjbuge go, thearsduimence lolf sthe cdisedse} Ut€sctin f and expanding
trans-differentiation. 5 Since the expanded stemcells

CDsf13m sels stl redivceribe dondeofeiunmpalle ithe final transplant.
ool r(ﬁﬁ@%&t rAngs Sisn g eoaiep e detlegeshobd Tymphocytes,
dt
and A€ L AIRRL A8 Hh N Rt Ge TORSSEn R0 WAL T e o hute
to %ﬁﬁ“&érkﬁszﬁgst'di‘se% Koﬂ%ﬁ{tﬁ ;ﬁéﬁé}rsoﬁ T 3R ssoﬁ%@sl\ﬁgr%e scale

ranspl antati on of "cor stemcélls into

exphavienhggumah o 4 pRpehitol éblpﬁﬁbmdﬂ)(ﬁﬂeel&lﬁﬂbbﬁﬁlbﬁﬁn@lgar
hom ng of differentiated cells to |oci an M scar

cellsna Gamtipneds perfgsiparcahinhgsnilosd e33:338) $99?gxlpehk@exikﬁmsi et
%ég?l |stered u3| ng the nethods descri bed herei nabove,
al. sqlatien epd seagarisrarspansiniyed huiman €4 icalls eBlood

a herapy. Thus, the present 15 nethodol ogy
Celgsgﬁbbgﬁ{rr‘;@g4f)h treating di sorders which require cell

or @!11§1§Hlestul f‘egl ﬁﬁf‘dé?@tthaﬂ%sg.aﬁ?art% Fof % \9»0 xpanded cells

neurologlca I SO SOT

der gﬁfiﬂﬁrgx}ﬁg% ?%E?rnlghlﬁt\rfgfplﬂ d?ﬂs)g‘ﬂlg e'Er%HQ a8 'rgﬁtbl éjhéﬁét‘aﬁbresﬁ in
recipients treated with high doses of chemotherapy, although the results do not
yet allow firm conclusions about long term in vivo hematopoietic capabilities of
these cultured cells. |

For successful transplantation, shortening 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 thus important, in such applications that ex-vivo 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

20 Myelin disorders forman inportant group of human
neur ol ogi cal diseases that are, as yet, incurable.
wee@gness? i n ani mal nodel s, particularly in  PCT/IL2004/000215
transplanting cells of the oligodendrocyte |ineage,

has resulted in significamg7 focal re-nyelination and

o YRR B RSB0 BP0 DL osiop of

i I I i :
stergrﬁe'ﬁ@%si@@@ sérve“ﬂﬁisegl?&[agglﬁe %§m§ﬁ%ﬁ‘gﬁi , BRIRYEEER of @P34+

I nvol ve both
cellt rsaleeEbantad | perfigdien PoRMBE | Ao Obxeidage nsfUperipBatal , blood
and the two approaches could be conmbined with ex vivo
monamighedratdlisn Bibodio86r 958s4085). DSueht aulfumes ozayt bé ageful in
and bones can al so be treated using the teachings of
restoriagfrearaiapoicsif e fesipientaveihowsnpletely pblafadporg arrrow, as
ell.s for. .treati n% such disor.ders are 30 pr.ovi.ded in
welljag in praviding 2 spnpREive measze £or sIEieaing o5 HPIGHt DPnidaRgow
i P 1 .
reoQlcrdplab g Rt Ao RAr B orc S rdifndiice 1p iR do the
abdv@aqht NeschRfes BE tRE 65Etnt nA¥RMéd @an MBS deppfied towards
utilizing stemcells for treating such disorders are
hepatiowegexteration). ibusdPatregderationt add s8endmibdJoSboRatgrowth for
5,716,411. In addition to the above-descri bed
appdisplipeain esgopdresis.e ddhiteaphings afithe psessnewentipneenalsorbe
an also be utjilized in several other therapeutic
appalsdl foceases auCh TeGHED erbancer JRUBENG BFROBIO PE FFRlacenend of
as_.becaq the treatnent of chqgice for a variety.of, ..
dety G KEERR ek Pl cutr e 00 Gy fomippfipkpy! ifluding
imrb( AOHREARL %riﬁﬁ&%%ﬁéﬁéndf& ' ftﬁﬁﬁnb%f%’f%ﬂc‘i& bOR§ and
marrow (BM population,” recently, nore defined
gereiRUligdadsen PireeMinhs PR étall. SkasRatieh loF T GRBHoGeds §dm bone
have 1o been used (Van Epps DE, et al. Harvesting,
magiosr @E3drH dls iiowiirand 986). iNateredfiediCid4 2: d6] Hsslopddik, et al.

human bone marrow, peripheral blood, and cord bl ood.
Logg dean gssiosatig of 1immyouy agaimnshdipsteinBas Hoke Ingetiem, by
such cel l.s coul d al be deri v om ot her
AR EshE ol Far aroSRsdaepepedig hhgREEH s, R Sarore
-d_bho ( ( r . i i .
Mgt ooy SR RS20, Yo EYE KAEHEP IR A0SR popias
prifel 4 Sitoldibc REYIorge rﬁ%ﬁﬂfst a0nRh melahbhArin HiHer APe) Cancer
Bl ood” 87: 3082, 1996). Conpared to BM transplantation
Resy 56 1HB]cel | s shortens the period of pancytopenia and

reduces the risks of infection _and bl eeding (Br u% er
w Beduging pbe sapaditiuol dhe sterh erells opoiespordiag tter Phi &nnase

signaling pathways is by ex-vivo culturing the stem cells in a presence of an

54-5 Future th es coul [

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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dose chenot herapy by autol ogous progenitor cells
generated in-vivo. N Engl J 20 Med 333: 283, 1995;
wOedosiozeys7 SF, et al . Sel ection and expansi on OPCT/IL2004/000215
peri pheral blood CD34+ cells in autol ogous stem cel
transplantation for breastggancer. Blood 87: 1687,

S HTIAR T oS AP e
oY PR RSB35 8t 250l BB AR PP s

actiVEhyaH R9R KXirdssiondis RBpalslE ofiAMSRIRNERdr&tidtRn! dfScells. The
acCessibility, although to date the limting factor in

assBP atcondspy antthikiazpectt efithe presentt ingchidon RumpeiseOtulturing a
circulating pluripotent stem progenitor cells .

popaatiorabf eclls eapatde wé gliffarentimngbswibnase sisoy belkR(der iGI2H
stemcells I r transpl antejltgzi on, these cells are

hemafgpoistice ge 1§>y pEqsentier ¢tk ophordlsi Off @ 1swhptagtiathe pon-

ciffgedtilen HETHE v bOBaRDs Bt ioat 63 15 Roven

MY ta@k& 1 ch t t [

M/%gg(l)(?) sl y ngt su??(ggﬁ{@f}%sﬁﬁ%r’n@’ é}ér%?% ’ u%,,;ﬁltdhl_?eG26

(USgat@it By, 6, M0, expandedisiemeeld.s ([oridoansy! @qup | S¥8m
provi des several advantages: (i) it reduces the volune

Celd$ 18t dS3) ringthier mdsémme orr ebsemst i dfutheomodfilagor awtlilnhonitoring
hemat opoi eti c. system and may obvi ate the need for 5
changgs |1n zbitfesmtiation | efuthepiedlseayes; timej §.gi.ta deibvesks to a few

mofiRe b sased eI Aa comprsed o Fokenagels, indloates o
mofAREATLERT' PRindsh APl Ml FluBSIGT RGN bF inbibiting
di FFEREMEHIRIIC elSeredd) a SIHEID of 3RBFeast GAL @i@fegﬁ{tia@i%nt ﬁgémﬁﬂéds to

in autol ogous infusion often contribute to
untreted reiseimficdite adinsridor s@beblei B iahibitxp atitfergtiation,
CD34+ stemcells wll reduce the |oad of tunor cells
which che Be naed teffassipelanes a4 metidator of, PExXphindsd astiwity, for
cell culture re %epl eted of T |ynmphocytes, and thus
exapile o\ thA 1ag B&Of AN ESHE HBICBUPP ARIssHISTSIA. whi ch

CPRER S, 8 Wbt DR gt of «
suk%ﬁa@ﬁﬁ\?\lbroﬁoﬂ—fdiﬂf?é@ﬁﬁaﬁ eé%éfrl&epﬁso RPfohRAEd Gl 55$1fe§&59eb8¥‘ &n

mar r ow” nononucl ear 1 I's 1 n continuous perfusion

effestivteungsounBl ofod 8RoRiA3, pk8RBablichkovsky altBngetytoRine or a
Rapi d isolation and serumfree expansi on of human
corapBwtoneaif] sichBlytadneCa. ¢.s tROmbepa;etid@hO), interleukin-6 (IL-
6), an FLT-3 ligand and stem cell factor (SCF). This assay can be used, by one
ordinarily skilled in the art, to 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 objects, 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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Cinical studies indicate that transplantation of ex
vivo expanded cells derived froma small nunber of PB
w@DpR44789¢T | S can restore hematopoiesis in 20 PCT/IL2004/000215
recipients treated with high doses of chenot herapy,
al t hough the results do nav9yet allow firm concl usions
o . . Coti i Les
AGHIRIAI TR ST Yo, SRTEMRECHS, R FRRER: 0f L pffont

invehde 89 delinddied Hetetdbone ahd b 14idicddanhes clifdseeti@Sbelow
well as long-termengraftment, is crucial. Inclusion

findd experiencrdal supportdh thafbllcewiegpr ogeni tor cells in the
transpl ant coul d accel erate the production of
donor-derived mature cells thereby shortening the

cylopentc phase L SEYMBRIEL LT L S
o9 05 SR o R S 98 S

the'oa;%ge Hesin tﬁﬂ‘squaét'(tjﬁl@ 110 infBAmSPRPA ﬁéﬁﬁﬁ%ﬂg%ﬁﬁ@ﬁj on

i nternedi ate an ate progenitor ce especial ly

t hoGenaally] thiceaoMEnAARAE EEP hérdRC Bt LAQA4b AR, Droddifires
to the neutrophilic and negakaryocytic |ineages,

utibzatc onir t ae wptdsertk pamednsionof incdeden amblesulashobiathemical,

%%gﬁ t.his rIJlgr pose (.Sandstrom CE, et al. Effects of
i ogigal |ande FecomRanindd VA tepdinganesn eXuch echniques are

B B3 s3G5 BRIRIR L OS2SR GELLR: Clopie:
A BT MG ARMSSL 8 417 (11668 P ERRnY b0 EHTRA Riditular
ablate one marrow, as I S I'n providing a

BiSlpPOMOlY@eseast nGisiBel, RVt esi. NA9vEE| Rh&iMel ROBE, "Current
marrow recovery follow ng conventional radio- or

Pratbents ih Hdokpubs . Biotogdd b Wiley tthd SaioBaltimbee, Maryland
t eachi ngs of the present invention can also be applied
(1939War erbal, hdpBracticaleguisertatiioleculau Sdbningd ghriay Wilayng Sons,
and, sti ti of bone growth .for pLi.cations in
Ne&%ﬁ@a%&?@é&.%ﬁgnt Sodihi ﬁ%%‘:oa@%mw A BnsCiFRy A BRiican

. [ a i ch .require.enhanc
Bof e 0807 P, BRAE oB, L] SRS ATy LR oY Rfemal

Serfitd1C i RNS] -45 U1 d8Spri ﬁ’nﬂga%&”’ﬁhﬁmra PBic¥€ New York (1998);

i mrunot her apy, inclu I nmunot hefapy of vari ous
metiddofoias aeset fortunoUdef Pet engl das566v82314,8881200e0801.631;

di seases [ Freedman AR, et al. Generation of T
5,194 050 ok ém,@éﬁh boelé Bislogpr Advat@msivry drindboolk’, W dlnmes I-
T (Gl e v FOISPALY SritEimt Caieptsy molyaimse1 gy Cap s AT
Co}/iig{iﬁ' 3. Eﬂfeecft(w@l)?)étites 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. (19853);
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adoptive transfer of gene-nodified virus-specific T
| ynphocytes. (1996) Nature Medicine, 2: 551; Protti
wWOR 04018981 . Particul ate naturally processed peptT/tie804/000215
prinme a cytotoxic response agai nst human nel anoma in
vitro. (1996). Cancer 20i1fes., 56: 1210]. Reducing
" S e [ t I .
Tr%&gngaBﬁ‘%hhyr&B {26n RS 5.5 %H%f@ﬂ{y §95° t%gg’ (1984);

S|gna ng pat hways 'i's’by ex-rivo cur

" AdiR] CAMGRkS' FreshnBy eRENCE O 1986); ef‘frﬁfﬁbbﬂ?zeﬁ”@k!m and
of a nodul ator capable of ‘downregulating Pl 3-ki nase

EnzgetdsVIRY Preassd(D98@eha Rrsptied Khadde tpMedlecdht @loxﬁg}g" Berbal,
time period of 0.1-50 % preferably, 25 0.1-25 9% nore

B., pt ¥Braud Wethods 16 Bazyotolagy'eNol.r b-3d%s picademid PrasspPCR

Progwol od of the stemcells or for the entire period.

I Ae@%ﬂ%&  Adetppes end | ADREALIONS . oACAHEBIG eessi San
Die§Sy G @YSUE Mt i ¢ SRoreBtese ot BRERRPhrbafled and
ChifeteriZHRANS 11 dorfibr) (BuaTMhEY, 3L PP 608l of

whitB&réGeeurfbiged By ¢ @é‘fe?éiﬂ:’et ds%%ll?%@?f‘drﬂpﬁeﬂeﬁﬁ PitB&efineral
invention, there is provided an assay of determ ning

refosbedds eare @rs\ndeal fthroughoiut thisodoafmdzit. 3Fhd prasedures tthetetryare
or gene expression i s capable of inhibiting
beligved &9 bamicdithnowin helarsandrire pravislad facberaginngnicnce of the

aspe of t.he present invention conprises culfuring
readery p& lafhign PPsCe H’Sae therei; 15 dReMPPEAlE ghergwc y

refear§ tem cells, (e.qg. CD84+ hemat opoi etic cells),
ogenl tor cell s, or cells of a substantially non-
dlfferentlated cel | line, such as, but not limted to,

USP-1 and USP-3 (Suko 02) Braz J Med Biol

Res, 35(5):535, C8, Wé%’o and B6-26 (US
W@TA@@NEE@%@% E2R PoHEMATOPETE

S. (2001) Stem lo Cellg CU E% th(e)zlgreslgnce olf]E ¢

absence of the rrodud:’E‘M”jEXMN@mNorl ng changes in

differentiation of the cells over tine, e.g., a few
weeks to a few nonths. Increased differentiation, as

dt t 1 j cat dul at
8? B 5ok nasHlgidd Esperiaie dyieded on i neapabl
! AP S T30 ) B
untSeaheds o e Rodk Q@iiﬁgoﬂsmdﬁﬁfﬁ!@thﬂgﬁ@#j}lﬁ-ﬁ-dzmez‘lzyl-

inhibiting differentiation whi ch can be used
(2Bt théetlionedny-6ad) Jebanadid atidy (AFNA9431k):nase activity,
forThe 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) 3,3-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 HCI (50 ml x 2), water (50 ml),
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exanpl e, in the nethods of the present invention

di scl osed herein. Preferably, culturing the popul ation
wo@boogpwemnztel |s or cells of a substantially  PCT/IL2004/000215

non-di fferentiated cell Iine is perforned in a

presence of an 20 effectiiye anount of a cytoklne

ando%a?ﬁ eﬁpé%eoﬁg N (§O"?ﬁlt) [’[ﬁne %fcns% lﬂfor?\fr%%;iﬂ) rB8tdr%ed

okl nes; op0|e

over ”NQS@?UkCBn&nHahonQ)f thad) ofdalrid sbhﬂﬁﬂld\éﬁﬁ& RIIEE Prlssure

factor (SCF). This assay can be used

affodeil rar oilyargkp! dsd inoubdivnast ~ 20 °@e§1@km1rw cRitAlin®fsolid.
the antagonists listed below is nost efficient for

Fortyhenlp of pestanst wieng laddedtto rife t dodidy avhioch swae ttherd :crus’hﬁd and
parations and ayticl efﬁ of - manuf acture of th

ﬁlt?ﬁeas e saliceves srashed en THies papey %@rp%@r@@é’él 2 times) to

sield Bk nBridien 3 4t S EapER ke i 4, as pale
yel%bfg%kalé %§th %%téh ébﬁﬁ?tléiﬁ' iSp. 2. 811‘3&2' TH lgur 6{5651:13)

t’i on advant a s, Y 'and nov

d7. sm@mq&%m{z) quﬂtztfpmwﬂz QW‘(@ ?ﬂqgﬁ!mm&p doM(s, 2H)
ordi nari | il in the art upon exam nation of

d1.Blie Go)] OWI ng exanpl es, which are not intended to be
[imting. WO 2004/078917 PCT/ 1 L2004/ 000215 109
Add¥xritbess pf 3- (éamhﬂwbcyphenyldnob&gnemwuml chlaride:

et hasavel %%}%@ﬁe”tgmﬁ Al bzl aiameABas arrobeianst

> B ARSI aRRSAA AL 0T SO Mg ot room

tenfeRdtteS Sfor WO inited eﬁiﬁfng"‘dfehad&lﬁSn haye ogiﬁggs 1‘1&!1 Sthe

illustfate the inventionin a non-limting

sol@éme hahky yellbe. nafensliaing @icusecidientkinranst 4 h@urs at room
| aboratory procedures utilized in the present

tempeyainrd, dihue rerchiod sohlosceihscoolbd de e aad washad with ice cold
;n cr obi 8%]?& m3nd reconbi nant DNA t echni ciues Such
5 % @GRS apgeese@wa}%ﬂg%wwée eased rdarringethis
I I t
profediirsh-- FEARRD o s EnE °Walal Tis: 22 ndBrgh i Cadusaged
aqd\éeh?q%@r (1B xﬂpogyrh %kg%ﬂ%} S shivioh e gﬁgé S(R/er Mias89 and

1994); Ausub rent 0
cmivbh@@uaﬂamdsr edcdgyd preketie tHdiey ﬂﬂf‘@bﬁ@ﬁﬁ)ﬂ(ﬁ%lbd@rﬁ a clear
Maryl and 15 (1989); Perbal, "A Practical de to

yellot edul s maﬁemzdgivas U@ﬂmﬂﬁd)taﬁyfu&hﬁnpsmﬁcm Mathk next step.
PHARRAEPO R B Sls, 3 a3 T I Wi (o by, Sc'emifie

Synthesis of 6-methoxy-2,2-dimethyl-thiochroman-4-one:

A solution of Tin (IV) chloride in 30 ml dichloromethane was added
dropwise to 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 yellow.

The organic layer was washed with lM aqueous HCl (50 ml), 5 %
aqueous NaOH (50 ml) and a saturated solution of NaCl (50 ml) and was

thereafter dried over magnesium sulfate. The resulting organic solution was
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Books, New York; Birren et al. (eds) "Genone Anal ysis:
A Laboratory Manual Series", Vols. 1-4, Cold Spring
wolaooborsdabor at ory Press, New York (1998); PCT/IL2004/000215

nmet hodol ogi es as set forth in U S. Pat. Nos.
4,666, 828; 4,683, 202; 4, 80fh12531; 20 5,192, 659 and

co%oe% %dequh%eﬂ Ilﬂje%%e @&aﬁgi@{g %@gﬁ%&&%ﬁ Kje;];-mz °C,

0.6Fm@/B9 |t6 obthih HHREHRGY), Z\fﬁin%ﬂi%ﬁ throbhfomﬁ?lcd] c%%nas]a re%sz'ldual

ed. (1994); Stites et "al. (eds), "Basic an

pa]lenyn]ﬂmw ogyﬂl giands, BOI7 %)UI H-AM[RG(©DC&3)L@7Q)€(S N@DV\/@VH (s,
’2'1994]‘) M shell and Shiig ‘S‘l‘g "Sel e
lﬂ%d Bds, M), d318 (s, 3H)) dﬁr&ﬁéﬂi@@) d1 W6 (s, 6Hp]eeman and

o St yfﬁé@lf(oﬁgﬁi)}#@%@ﬁ%@h%%232352%f e
l it gf%{géﬁﬂoéﬁg%édir exsi n}g?@ m,]s(y P@%@ﬂ@gg was added over a
it oo iobt & AR 22 B

in 50879, (ﬁdlﬂor(ﬁn@ching 7 ThearshchoR Ghixderd: wasldogRiued eos '°@eand
Synt hesis" Gait, M J., ed. (1984); "Nucleic 30 Acid

stisg forf hauispeooldd ted 8 °B, tien qasmthed dyi the sfow hdditagsof 50
(1985) vg 04/ 078917 PCT/ | L2004/ 000215 110
ml W?@ﬁé@rﬁ PWign E%léomnanmamfo mgenmeramre el colorless

Preﬁﬂ@%ﬁ% 7S f&t]erf:d %Zﬁ: (s%gagg%?n 0¥ theof A e gAN Mer%{qt %{u;ﬁgs layer

iR AFERG (i Togsi 5‘3@3?3%%%5 (6 B i g0 e B e

\V/ P
iy B 5 0 0 ) v

sathcaet nigocfuse daClSahen BriegooveAMERID0) Rédhbed1aks @ic atganic
"Strategies for Protein Purification and

solural wedes redugddopressuse lgalio ragreey saHd (6 ezridas wd cru@Sploduct).
ich are |ncorporated b

IO T
SRS 48, MO A SR,
yletld[h@ é‘rctrys%lﬁn@ h;goﬂﬁﬁogd?%r&% Ape, %&’élgeﬁ]gn‘ffz ‘3&6“@3 The

r eader. I nf i on ‘cont ai’ne
filtrate owas)raxa@drdl@cﬂ aifileBYvadu@her 8NE &he %@i\zﬁ%Eg\Mﬂ- IBms was
T(P%] ET C

ARANTAGONI STS AND THEIR USE IN EX VIVO I | E

disgpved ExPANSI Aiethyl 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 % yield,
m.p. 135-142 °C, 0.6mm/Hg) of the green crystalline product, 6-hydroxy-2,2-
dimethyl-thiochroman-4-one. ['H-NMR (CDClLy): d7.8 (s, 1H), d7.7 (s, 1H),
d7.1 (s, 1H), d2.8 (s, 2H), d1.45 (s, 6H)].

Synthesis of 2,2-dimethyl-4-oxo-thiochroman-6-yl-trifluoro-

methanesulfonate:
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Mat erial and Experinmental Methods Hi gh- ffflu ty
retinoic acid receptor antagonist ( R) synthesis: 20

w@ohedis of the RAR ant agoni st PCT/IL2004/000215

A4[ [ 4- (4- et hyl phenyl ) -2, 2-di nethyl - (2B")-t hi ochonmen- 6
yl)J-benzoic acid, (AGN 194310): The RAR ant agoni st

ed i RALERC ehERGr R il Rl MR S o
T e T

sCrew- cap tube was char

washfiRed-fBRUNNburd- RUY ©0QitEen a6idd(derdlMat room temperature.
3,3-dinmethylacrylic acid, (138.4mmol),

Corbenaation wirtieo giighovacufiint 3ri@dedd yresidnel thapevasdireated with
_(41.6 mol) [Aldrich]. The mxture was heated to
diethgb etten (Z5fob). 3Zhpciher, salnéen gy ssparased diym the precipitate

e R B i R0 s SRR and
it BB LERR! KO AP P ISR o MLAUAP R nen

aqugsgw_; N_Iaﬁgpﬁﬂ@%%@l%ve% Mgsm} SRRUF ?éxﬁ@'viﬁ% ugeshdladle £Rue

organi ¢ sol utfon was thereafter dried over

wad\Nabffullitanc dridedt o int hiv&reOfegiovied walenthigh vaoden. 0.7
reduced pressure afforded an oil and 2 days

graimofiltiz conlegirodu@Owas ywibtdined! @ndcwys tfafthempusfied dy column
Forty m_ of pentane were added to the solid, which was

chromafogaRish saingndt ramst Blied. antha suiien wis2 (R gHeReteum
et 51 B0 o B0 APt
of L. ipcisy R Bonk S K2E Sk A X SEP i gt o0

trifloRbZneth&osBl fohate 2ias btRaihl Jas &oMedsscrydtils {78.8. WHZleld,
d2.6 (s, 2H), dl.3 (s, 6H)]. 10 Synthesis of

m.[B-TH 7)o KYEVRI (EDE) ) 34t ey | DUty i(s,c2iprd2i8: (s, 2H),
93.62 mmol oxalyl chloride in 10 m benzene was added

dl.¢4¢s,s0H80l uti on of
RIS o WD +

ondMring the addition of the oxalyl chloride , the
Solution turned yellow After stirring the reaction

M xpur @ohfond heur 2 atdineeiil ook & MABERLYIR- 6 5/Merifluoro -
reaction solution was cooléd to 5 C and washed w th

metlmpendfahatd idotagibytasinkladdd (fmethykofhahadd sragespaogadsvith
arggzl Oa}s lgla r?ﬁr{u%lase.asle"lgim%%;lgi?ylggétilene and bis[triphenylphosphine]
palladium(IT) 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 temperature, diluted
with 200 ml 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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procedure), followed by ice-cold water (15 mM x 2) and
finally saturated aqueous NaC (15 ml). The organic

waeoloun7son? was dri ed over NaSO4 and concent r at RCT/Ider000215

reduced pressure to give the acyl chloride product as
a clear 20 yellow oil. Thhg material was used w t hout

inf 0L P P S IS 0 oSSR B 1

f
70 WL@BF%&@-@D% Vi T8 () T, 473 (5, 2H). 438 (5, 2H), d1.4 (s,

6H)s abuts @nggf)] Tin (1V) chloride in 30 m dichloronethane
was added “dropwi se to a sol ution of

3- (M&dﬂ@aﬁ@J&dnyﬂﬂ-@;l;)dzﬂaemlﬂybemwfmw-m oride in
25 180 m_dichloronethane, at O C,_ yielding a dark red

solféut solutionf or 22+ dimathy-o-tramethybsilapil- mbeth]r%ll@Q gm@n-4-
our.s, the reacti.an uenched by the.s

one, frmentielr aad BaifsSih of Cartypa i as  Sired quEiight At room

tenefditiet, DR MR ¥ T P b U8 il oag&ﬁﬁa“ﬁ?%%&was

eva?ﬁffhté’d st W Aldgde® Al diiin@NoPf3NEH! ml SQilltel dAth Wese

hereafter dried over magnesiumsulfate. The res 1itl ng

appooganite votlmié iofr7Owe0 WD), 2D B 8 1cd2whidriZik 4nd (2koted
112 concentrated under reduced pressure, and distilled

with deshyl etbeu (o0 md x- 3])4 2I'lE; cordbBiedmsg)nit daysins siene washed with
6- met hoxy -2 2-di met hyl -t hi ochr oman- 4- one as a residual

30 o @va}@] % S@mra@ﬂla@r% Npol 139y ml) apd ndpred omen HgSO..
Relify® 53 ¥ (017 whifr stk Gigbiy ahadopadbiin2-
i oo My RS B SRR N, mo
o ey e GO Rt 6 YO, 425
2HYidM v, 0B].hane. The reaction m xture was cool ed to

-23 Cand stirred for 5 hours, cooled to -78 C, then
queRaHbesinyf ethal driodpleigpeicon of 50 1o nl water (0.5

col e PbLsPE U dakd PPITRLFGAl AP e orekabdspbion
of @Lfy %}Iq élg eﬁﬁp g‘foc{%ﬂ Slas rEAfx A Y ﬁo{l Y ©ne Y5154 %‘é r(ﬁgsto‘f\ged

or onmet hane. i ned org

aftérah/ 8b&r o%bﬁl gasﬁl@éjléﬁ'ohbn %@I&ﬂfo%t \%Qs @SM%Q Ys réﬁﬁ%ﬁe%re
m), water and saturated aqueous NaC, th

andd eva@ra@druﬂ‘@ﬁ@&cuﬁan@valvobﬁmt hd 10 gani & ]bSvaOdrgemb layex
forgqgagsgltéftgé &g@;ﬁéﬁs&lﬁifﬁrﬁgﬁ/ %f athg ra(zlec{] toS %llel gstel(? glrlfianfesg{tmg
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 (CDCl;): 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-4-oxo-thiochroman-6-yl)ethynyl]-

benzoate:
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Thi s product was dissolved in 100 ml diethyl ether and
the resulting solution was diluted with 300 ni
w@edonorssum et her. Overni ght incubation at -15 ECT/IL2004/000215
yiel ded a crystalline product (2.3 grans, 41 %yield,
m p. 122-126 C). The fllnrsate was evapor ated under

9%'(“)&@#‘[?(8‘9 e?‘% IGW er sonﬁoﬁgﬁgis 310 Hﬁsf?
1od<‘5%élﬁo&t%anﬂd ml Bﬁ’étﬁﬁ'aﬁﬂﬁ'é ﬁ‘vtaﬁ' 9ﬁrg7531dwitﬁ %r%&ﬁﬂrt I'O'E%nutes 0.7

m xt ure was ke in a freezer at - overnl

grafdr @d[PP1:}Clo nanah@ 19 lgtamt Cah wéret hédsbloitthisn s@!lluabded The
1.5 grans of the product

sohﬁmleampalged whthretrgon farrinoaddioemsal- X mometes, s stirred for 2
npound was re- precipitated, by diss Iutlon in 30
dayauaétrﬁ«}m tepTmeFatuten e hhe Wq%l@a meezwa 1 tzeeqo@r%glbarﬁad of

L35 o SEHRERR, St BB T o e
AR A

s111<3d‘|)peh@l_5|)76]u?n Ether: %ﬁ')yl acé’tﬁtel%( 5, 790l elZn® sévenéPsterd) to‘bﬁeld

Synt hesi s of

ethyl, 2-[(2,Bedimethyl-domre-thibclutonmneé-y8) pihyhyi]fienzoate-(1AB gram,
nt et hanesul fonate: WO 2004/ 078917 PCT/| 12004/ 000215
56.31% sield; Irogr At Hith&sk| { JHNME(RRIFEHed8aES 481ddid).1d/.a (s,

3Hi§45§%§§.1§ﬁ'23’éi@?r£¢ 0 541 GcRHoe 4266 PH) gk 380
& iuliess | o S A B s S oy troy-

2 A uum yi el ded a residue that
( %gﬁﬁneg?seééﬁ\?\n}?h lgwé%ﬁf/?,ﬁgt her (75 m). The ether

sol Aitsobrtiosest selpandigdihebylsilydapride (pb Miselutioasultdluege)
fromthe formati on of a salt between pyridi ne and

and 19 finbef triesthivdradutanf was coaleildo -The “etandra solutionsf sihyl 4-
fetons ot R bR LR e e O LA

o TS b, ROt TRASE S o>
[N Wb%'(@ﬁﬁlm@ﬁl@tﬁ%ésdl%ﬁf@)%gr f gt BY 760l 4R Jras, added to

chr omat ogr aphy usi ng silica, and a solution

theofea@@éh miktipet riofie@uinmiettes! et bydlirgceitatead BondJed and the
(using 15 m eluent solution x 13). After evaporation

reaofion heolpiioulueas fwantedots rOOHﬁzergpantuIé stirred overnight and
nmet hyl - 4- oxo-t hi ochr onan- 6-y

quqmﬂz'lﬁg dor Bichaddiipe i 4 @ﬁtyf@emu@wsdﬁweaoasofcmﬂ ¢3¢ mi).

Twor%?\t/earlt§a§e¥s6 W%re(:)/ r'meedd "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 MgSQO,, then concentrated 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-trifluoromethanesulfonyloxy)-(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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15 an.p. 70-74 O, ['HNWR (CDC13): d7.9 (s, 1H), d7.3
(s, 2H), d2.8 (s, 2H), dl.4 (s, 6H)]. Synthesis of
WQ2@4a78%eT hyl - 6-trinmetliylsilanyl-ethynyl -thi (PQTIR200190215

n- 4- one: A solution of
2, 2-di net hyl - 4- oxo-t hi ochnmman-6-yl -trifluoro - 20

SRR b Ry L or b e a6y R AR 386 S5aal 10

m nutes. Trimethylsilylacetyl ene and
bi s[tri phenyl phosphine] palladiun(ll) chloride were

adc%)@tth&uj hi @f'soletsyilon 4—[V|4€(4F&hp40h@nym2,<2-Wimem}$- [2H]-
heated in a bath at 95-100 C and mai ntai ned a reacti on
thiachmpeentyl-ashy@d]-$enzagies or 5 hours. The reaction

i U200 3 1AL TCETa:)e Xk PRLER Wieradded thia sERyPR of p-
brofRERBAF i feelvSian e SO S PRRE "o ot B38.7

mg ZifaiYriak e s FCw 204 MddO BndaR: Rat6 %1 ﬁﬁ%r@%%anned

evapor ated under reduced pf essur e, the resulting

to oBfl etg®iré, Wiirhel fpW0 hiitded)the® mﬁ@fen@ﬁrt@rméz@haMk
using 42 gr ans silica, and an el uent system conposed
congfin@0 30 ethylpet r oﬂé(ﬁﬂélltrmthﬁt%ymﬂam@tr&tthylelﬂfo@l) -(2H)-
yleldln 2, 2-dinmethyl -6 WO 2004/0789
Q%@M]b@bmiljbengggate and Pd(PPh;), in 8 ml THF. The resulting

olytétg | mst h ldgg;o %P&%ﬁo&r&s 1rge{510 qoqgmgégne Lrt)%sz eg3nght
the %ugng%%@%dd%%?#ﬁgéﬁe (ﬂ)%m%? N’H C"w)l Onﬂj & {6 minutes.
ngflﬁéﬂ( RYmed. 2Thd bRy 4ab leRE AERIRM 1T 9 18- ctRylAceRkdhnPthe -
cordbidediongdriy llayers mienetighed hathywatdr (Y0 D) t didsttoxanahNAC].
one in nethanol and potassium bi carbonate was stirred

Aftey dryingithe argamgersolutempeyernt Mg O Tilee polutioniwas concentrated
the reaction wa

ok lrig% RSt St Fua T Bdhw%lﬁmgodar@%tograpm%lg 24
ol BP0 S G
e Logt oL (B0 St R TSm0 DrgRorers-
ethiNed]- He3Rosde) and dried over MgSH4. Renoval of the

sol yent under reduced pressure afforded 6- ethynyl-2 2-

[[H-NMR (CDCl): d8.2 (s, 2H), d7.6 (s, 2H), d7.4 (s, 2H), d7.2 (s, 1H),
d7.1 (s, 2H), d7.0 (s, 2H), d6.0 (s, 1H), d4.4 (t, 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)- thiochroman-6-
Vi]-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, stirred overnight, then
cooled to room temperature. The reaction mixture was acidified with 1 N HCI

(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



10

15

25

30

di met hyl t hi ochr oman- 4-one as an orange solid (1.3

gram 97.7 %yield, mp. 63-66 C ['H NWVR (CDC13):
wa@lZe08/0t817 1H), d7.3 (s, 2H), d3.0 (s, 1H), d 2rGr/(I2004/000215

15 2H), dl.4 (s, 6H)]. Synthesis of ethyl

4-i odobenzoate: A m xturejof 4-iodobenzoic acid, 25 ni

2, S RS ool P S0 B L
aqu@bﬁ§ Naed ardf HHE? Ly fiRUWa$h, bé}Id 'tlﬁkg soIVRBt IV%CI'ééH@ved under

ution was cooled to roomtenperature 20 an

red@vab Qiréesact. undee résiduaimsélad 40\3al giempfwdsO rédrystAllizewefrom
organic layer fornmed with the chem cal conversion of

acetdmeiridei d260 mhe '[(E)St}ﬂbld Thd[4- é‘k—@thylpigenyﬂr) 3(f2uuhmemhy§ (2H)-
cooled in an ice bath. To_ this m xtur

hiapeomgr-ey st pensdiisai AN 15 o am 7%y as

acéfqrmagl&f s TSR, lﬁﬁd@ﬂd%@m%@@ﬁd'é?@ﬁ@%@p g#3

(s, ZILI)’e g‘i’bg 70&“( atﬁg s gH'T arale ARLEIH), d2.6

evap und

I t I d I
. 2B ] ?3@96H%IM IR eﬁﬁ% (cBe13)

d7. Bloenutlar cdll fF¥Lction, collé}:twﬂaﬁd hﬂufn ifiddfon:d4. 4 (d
2H, J=7.1Hz), dl.4 (s, Synt hesi's _of ethyl
[ ( 2Hemannbided callss)mseneh pbtamedrr@fon@ bdical nyaqui blsod from

E)jnzoale 2004/ 917 PCT/ 2 4/ 0021(9%5
Fergg GesHSof ey (VR ehoBREh SaDtHs Was

obBgS Shimfes IV%%OQ?@%&TI) e?éI ﬁm%%ésedo‘”?hlet 2 R0 Sostfrtum.
BI(%I# WRO3i28d %iang 0)9 da 6 2SI Sper §uidd ISleI’IIE#’[%Cd for 30

solution. The solution sparged with ‘rgon for an

miggds ttboRalove Mdrtted, blobercedlsi r Mad fedkodyte-ritdy Sradtion was
roomtenperature. The reaction mxture was filtered

hatviestod gimdalagextdoén acEicotld]ypaquegrddienhyl.087 rmamvmbhSigma),
The filtrate was evaporated under reduced pressure.

andrﬁ@ltﬁlémg%i edflgdonas pinviss ebhoipasenughgar cell fraction in the

i G ety éoifé&?@? "Sostih e,k €l \espspended in

phé%?l%%r% fg&eﬁ'ts% zg?lﬁpgg eréor%g%lcgl Iq%ustries) containing 0.5

%Béﬁ)ﬁ@%éﬂxmbﬁrb?(ﬁﬁh B(Slﬁf,% &[@mf § 5 %yield, mp.
102-104 O). ﬁI\/R éDC%B %ng&)(s oH), d7.6 (s,

3H) Pudﬁcﬁtt()s ofﬂ'ﬂ.if ddellR ﬂcﬂn nldﬂ)anwctlecﬁﬂ £dll fraktionds=7) ,
a2. To purlfyI_(I)JD?)(é]II II?OSIIOH%CREII_I)C]GIIS 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 CD3438" 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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Synthesis of Ethyl 4

[(2,2-dinethyl-4-trifluoromethanesu fonyl oxy)
w@ 20d4/014927 ochr oanen- 6-yl ) et hynyl Jbenzoate: A BOI/UL200000215

of sodiumbis(trinmethylsilyl)amde (0.6 Msolution in

toluene) 15 and 10 m of ;{getrahydrofuran was cool ed

to- 7 and | uti thyl 4

[ (Fos Eoratig: forGsasion %@L@%ﬁa@r@v)‘@%wwﬁﬁeéeﬁ%aﬁls
expl&t?sts%}% %xeﬁéegha{,r@géé%%oé%{rxgtn? gﬁgéggiivg'?sc‘eléétﬁ)‘ﬁ %oﬁﬂgﬁd(StemCell
Te({r}h%%ﬁés\?\&ahgg%e [tggjg%gg@gl fonyl)am no]pyridine in 7

rFeaction m xture. After 5

M Y-S0 dXpans J)fﬂDBaf/hcel?optﬂﬁﬁyﬁﬂ and the 20
reaction solution was warnmed to room tenperature,

st iCPa4d" expressigptpuaified cpllsnatnye Wyret dtuaadiini2dnwell Gostar
sat urated aqueous sol ution of, NHACL (20 m)

t . T .
Celd Slulaie Clugterss(Wemang MGedOmiRg @’aﬂ%uér. @H“&ﬁeﬁ%ﬁ\é\(/o%%ﬂcan
t ted with ethyl t at m), T i d ,.
FIuGHsaR (OBt fortneainBatn ot o8 Gieliyimh du° aiar edium
. . . . i t o
Pt EhelS o s peh o500 Sl B0RsqLhRN, 1 o6 feal

boRhOd&&in (IiBg"rB%l_ég%al’\ﬁﬁiu@HféSf.i THe PylI6@RH man recombinant
chromat ography with 35 grans silica, and 2 % et hyl

cytakiakeatwépe hdddd uThairhisspoiéta® QP O)2nterREkim-§ @Lu@ntFLT-3
system After evaporation of the conbined el uted
liggndoandt stefr ealt ifavier (e lall at final concentrations of 50 ng/ml each,

4-1(2,2-dinethyl -4-trifl th | f I - (2H) -
thOPBing%ﬁ%lﬁlﬁ B3, @& %iﬁm%}?ﬁtg%e%g? 3 ?@gffgﬁ g\%%)adw gjther
held, .mp, .100s;104 30 bt ai
tosYUfr &t B0 O SG or BciS B U et Bfrdefieon, FaF.
/ 17 I : ;
EG%I%@%‘;‘%%?R?, Iiﬁ)cglr dﬂg@;gﬂ?éggg(l%)@)@vﬂa %%gto?:bﬂ%gf werkSused to
supptéftlz) the SvRithesediuel, cehbyblofie or in various combinations. All
[ 4-(4-ethyl phenyl)-2,2-dimethyl- [2H - thiochronmen-6
cytpkineetusgad y ere fpweluatd: frém Rpo rlfecf L. TRuicky GlLiGH3Y13. iThe
pent ane were added to a sol ution of p-

cullrezest Hphbpisd 2648 °Cs dotdeOy, on 2 hpgnidifiad-atmasphere. THE
Sl RS SRt e ] 1
cu %ﬂgﬁ%ﬁatsﬂé@’egfe%%{d \?fﬂhfc oléx?esrrby %fl%@xfe. then transferred

0 a Seco containing e

4- [ 62 wiceRy RitEXatsd cbll dullidResOfBi e d lah@rghni=depbhutheed and
t hi ochronen-6-yl ) et hynyl ] benzoate and Pd(PPh3)4 in 8

weld supieileatedesitht fredh mediuah,i rumesndegbiihet @rF0palehomted
2 hours, stirred at roomtenperature overnight,

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—Grﬁnwald/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 10° -1 x 10" M [or 410 pg/l to 4.1 x 107
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then quenched by addition of saturated aqueous NH4C1l
(1OM) for 10 mnutes. Two layers fornmed. The m xture
wom4erxoracted with 75 m ethyl acetate and t heCT/IL2004/000215
conmbi ned organic |ayers were washed with water (10
m ), and saturated NaCl. 4P After drying the organic

e R YRR e s AR RGBT o

' : i1 amnd a petrol eum
B s AT S i S P

yi eM@iplblogienl assessment: . .
4-[[4-(4-ethyl phenyl)-2,2-direthyl-[2H] -thiochromen-6-
y| | Moephologichl clrractorizaii®0of the MyRItgDEIB)re mpubatioms was
2H) . d7.6 (s, 2H, d7.4 (s, 2H), d7.2 (s, 1H),  d7.1
accogplishgd @y adiquets »j) cellfs deppsitedy ap, ghags slides yig, cytospin

(C}%Ef? én?'zggdzg'g‘g %Pgncgm t‘ﬁg@gﬁ{ :[%ﬁi"z {qeyfé' l(\&e(sre (ﬁs){ed(,5 @a’ineccq wﬁh (I\t/Iby-
GrighGR Rk Sy S0l R s O 2 gt ut i o

of MehBoadRENER: @ sol ution of ethyl

4[[4-(4-et hy'%,phenyfy) -2, 2-di met hyl -[ 2H] - t hi ochr onen- 6-y

| ] - Eelhy werkbbnwostted, washddiFvihda dB&realutidiheontdininigoh %

was heated to 40 C, stirred overnight, then cooled to
boyige seraettburan (BSA) g 0.4 %6t soskiumi seide Sigas) avidisthingd at 4
oWith 1 NHA (4 ml). At the beginning of the process,
Cilae 29 dBIPSSHW L Huarescest w@&uacw%%g@ga@@&hgnwiwed

The,.n { { Lt h h { at 5
a5 igola) o SR 30 d s She TSR T62 ol dare
AL BB GIBEREE ) PRI e SPAESRAR
flowesytbeemyed Odlidlevere askeclef df@ssH1600 ths/§RohdUading saline
solid (0.31 gram) was recrystallized from
as twethwaih flidde A2488vin axgowi lebat beam served as the light source for

4-[[4-(4-et hyl phenyl )-2, 2-dinethyl - (2H) 5 o
eXqifftionh Harasion- 9f fterethgusantlbesilsories anresur¢haning daggyithmic

bR A e i SARILSES RS (\Benl® B
sl 5yl oot s By 8 oo Lo,
Dbyt B 0o Batoonl skl oty
obt Bereethifiutdon vfiSiILatd otied HehaeopdieBtinarker 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:



10

15

25

femal e patients followng full-term normal delivery
(informed consent was obtained). Sanples were
w@odohetdoed and processed within 12 hours post pe€T/ULE004/000215
Bl ood was mxed with 3 % Celatin (Sigm, St. Louis,
sedinmented for 30 mpgtes to renove nost red
eII .The ].eukocyte-rich fracti
?ﬁ% Tiele PSS 8 1R ds isentifioalfe’ BF acffnhbsolute

nLH%% of s%?éfé ; caRu A ARY orﬁ'ﬂﬁie ﬁlﬁrbtlﬁe N r%lff nCA[?%g%ehg.r

m nutes. e nDnonuc ear ce racti on

| nt Befeagndtidviest MRelifoNdRE 86 CRENED38hake A IEFL @Ndells
resuspended in phosphate buf fered saline (PBS)

was obnduced ¢8Falloves: D347 neblistw ére purdizdt faomi Nhabed cotd blood
bovi ne serum al bum n (BSA, Fraction V; Sigma). 20
ummand |staam@dofprdhe @bexye raaikess. f Thennmasmorllidicea expesiments was
cti on uri fy CD34+ nononucl ear cells, the
CO‘?SF Fﬁiaﬁ EUEd to two cycl es of

&T”Eﬁ%é”@%&u e M OM“??% 1 28, FFU

Hete
s (Raas St R SHLAE Sirptn, o o
culabtahné ﬂoﬂEed‘rﬁp‘@@ﬁ*%éd 91, Yhe HuhdeP8F %I%S%é’ﬂﬁl %}@ﬁfﬁltﬁ'ﬁ‘i’ed
by flow cytonetry (see bel ow). To further purify the

by @rsdumberpef missages ipetfori@e34+3 8- or the CD34+ Lin-
sub-fractions, the purified CD34+ cells were further
|ab4$wmgaff0€9msl’emm UnjtgC. @f)otslnllap Denmar k) or
[in ﬂe ant i

AR R IS e et i e oo e

ooy Ss GASyBne B RO TR e

stePBAt fAdt@CinPILWasotdept 20 e6b/hl oMdcelESF a%am}&ﬁ@m both at

| i neage antigens using a negative selection colum

10 pgtah@l fromTegpodieol). Cultivensert/icubded féanpday)s at 37 °C, 5
Ex-vivo expansion of CD34+1 cell populations: 5 CD34+

% @ﬁhrleﬁshuwdpﬁﬁrd itiegpbedel s above were cultured in

24 Cost, ar Culture Clusters (Corning Inc.
ﬁf"”wtl@f oéﬁépf% "€¥\msr| can Fl uoroseal

e 104 cel I
%r%ﬂ?’ PR F i bt lE B .V%q%a}a%sured
g (
o IO A1y PAE P v
extepdatdbngérm cultures (LTC-CFUc), as described in the references

hereinabove.

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 short-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
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1o cytoki nes were added: Thronbopoietin (TPO,
interleukin-6 (I1L-6), FLT-3 ligand and stem cell

wo amuo789(SCF), all at final concentrations of BOI/NQOew/000215
each, though occasionally IL-3, at a concentration of
20 ng/ M, was added eitherny; together or instead of

CF. ~For, naon-hemat ¢poi ic cell differentiation, F +
weghsr afigCand (Rl BLERE) g befGined? F Gh 1REPEr eG4
malfh Totiflerk b WA Bty Sk o RO aschbll s the
perdit@gd UbE£ hasiRd bebAf P Omafehs CIB4" (03K ablil ICDNLin

The “cultures were Incubated at 37 C, 5 % C02, in a
(cohsidextidl i@ deptesarsptier stepdl drel ratly velogenidnolcempartment) was

mononucl ear fraction cells (MNC) were isol ated,
ascerfhingd &y IS qophsisnent ed wi th cyt oki nes, as above. 20

St RLAR B  oEhohcRiFes PR i aci
reo Rk KIS TR R Al SR BB SRRt of total
an%gmus ,cegﬁ%lée gc’)fﬁg%%d tBW(ﬁéﬁ@-%n}ysﬁédt@& eumd;gg. ngxga%omst

ue, co cel I nmor phol’ogy was ermn I a

tredth@nuseorapletsty osivlRhéShited exprebiidn ps£ paE eGDSBEAREgen and
stained wth 25 May- G unwal d/ G ensa sol utions. R

cormmrregty) ssigeifppndsrennhitited dheexexprassidnenmaf oplus etdditional
. stem progenitor cell cultures: CD34+ purified and
diffgrenteationcssesiigdeantigens G ol .o 1 pahtdai(Had CR9 and
scri bed above., AGN 1943 10 RAR ant agoni st d
CI{E3S BERTC PR sty adiesticen: PapTgRg g 41 | brbdow
- - r g/l to 4.1 x 10-5 WO
Su%%f%%%%%&%%@%m 119 pg/1] . The
ant agoni st was added for a predetermned, limted

period, for up to three weeks or continuously during

the entire cul ture peri o@fabMit phol ogi cal assessnent:
hhrphnlngirnl characterization of the rpqult'ng

cul ture popul at Nmofwsls 5 acconplli shed on aliquots of

ces depostLed o e BLLAESIYA BBy i
o R GrLQLopioal | y. [TRAT ace [GhE| gen: andyor s:
RAR antagonist, 10° M| 42 18.94 17.14 15.18
RAR antagonist, 10° M| 52 19.59 17.16 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
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 CD34'CD38 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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Cells were harvested, washed with a PBS sol ution
containing 1 % 1o bovine sera albumn (BSA) and 0.1 %
waoaiamoazi de (Signa), and stained at 4 C forP®GDIL2004/000215
m nutes with fluorescein isothiocyanate or
phycoeryt hrin-conjugated gntibodies (all from

cxpgBNEn Thart JRREG 7t hend o Bl P ool S0 g

[ : I c t .
corfiirtngRs, DRI e fRLRP Uileph i B FUPIE! Sffuonl Bprdssion,
the $81all Member &F cells, SRERii Mldbek o ACHBY rb%llé“’v@é%ﬂcdrﬁﬁ@rﬁble in
beam served as t'he |ight source for excitation.

all Boitasdson Thksd essultoomslivace ¢ledtl R ABasintagesists ¢refsiably enable
| ogarithmic anplification, and analyzed using

maxkeid 1Pobiseratiof,t yed rlonited dilferentiatoon pbithe steri a¢lhgouipartment.

RAK Bbaasts 106 WRIILY RACkHUSMEN JelcHepenpiah of these rarc cell
Bi osgl ence Er enhbodege Bel gi um . , 20, Det er m nat i 0

dorfd 3 RS PTG, Aerbbore EPEthalebe chpiludith 8 e

u [ : 0 - ter

il 56 A6k, PR 35T, PhitVe MPRERANR, LORE 1B, forg, paure,

corffiftdeCEM celldUNC fracti on was determ ned as foll ows:
CD34+ cells were positively reselected (MItenyi kit)
andRd®untredgonifuntidaynens efordiricired \GDBbpegubmionsAaBers

and cel | norphol ogé anal ysis. 25 Resel ected CD34+ cell
surigpesdifferopiation sianker exiressien resulgugny laxgesimdersons eslls

_.antj : 4 SFI TC d 4PE/ 38, 33, 14, 15,
with) i L3S A for Rt oD pE T RS TR E T S50 1 i ve | or

Th eﬂlf ?1'51%% ?(g%ﬁgo%{ﬁt\?@éeth or (%%S %%géggggtﬁ%&?%?ﬁ cell
fravvesn dethi iigHerasel B whl AbLRY | th @bt 8ha 1id8tdE short-term (2-3

popul ati on cal cul ati ons: 2004/ 078917
weelG)/RARCOMI 1002 Ll tui2icFACR araaltysed on deng-ternaexpayisicanof

as . percentage values of cells. Absolute nunbers of
CDddh sslls and subssteulClaucs wers tsatcdbsih AR rmnieganiys for the

basel i.ne |.eve

4+ cells.  Deternm nati P
G e Ol Ao AR b At o b D tlct Bl wEeks in the

¢ : col s '

oo L e SRRSO oSyt MUELH R ERTLAL BRI 91 g on

shdfeald abng Nese SPRBGLARIT EDMAS cARNTEFHREGH RS kh@ples were
basel i ne " val ue. "Total cell counts, nunbers of CDE4+

takeel frematite sulisessat #rd tighd) 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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nunbers are presented as cunul ative nunbers, with the
assunption that the cultures had not been passaged,
WO 2@4/078992 nunber of cells per m were nulti plPEOIL20042000215
by the nunber of passages perfor med. Assayi ng Col ony
Formng Unit (CFU) abilitys;Cells were cloned in

cleZip gl g %e'é%'p'@ﬁhfé sﬁ%ﬂ%@bﬁ ¥ Oepiisd stageahe
| and t Il fact d IL-3,
i SR 200 o S are ko ot ot 36 10
ng/ Efbre dsgbh dff B E@ﬁﬂcm)andoénwgﬁl V‘ﬁfrﬁac'e”ﬁﬂéH@ér?%as

for 14 days at 37 C, % C2 I1n a humdified

verdflié® P B et ghly Pririie, @yﬂnr@ﬁelbc@@ -fRiddonV@ligles:3B-C). After
Briefly, the ability of the cultures to maintain

twe slefeks aneu\lallrey\mhﬂmaatm]esamplps dexeated matodest kﬁ-fmltiencrease
content of colony form ng unit cells in the |ong

in Q@%‘xL@h gudfac egaression, SR Aagqristdr @mi:yu tyss eXPanded by
f h |

a R SR o o IC DR Siontt WP GiCendnWeky ARer the

ter&?ﬁétio@}' ?”ﬁxea'&q%pﬁen@%m fthé‘?&ntgg% 5 efé%é&%pf’g T@%ﬁrfold

expressi on resu ré of ce

mc'r@a?s% 1ﬁ'¢1§§4§ﬂh‘e§bﬁé§sﬂéhe r@bﬁﬁ@ﬁnkéh sbR¥dent BE rfb}‘dléip’eﬁﬁﬁm of
In order to determne retinoid receptor antagoni'st

RAR famtdgeonin ttchtedeot] wirsoversup dnst iafrcontrob celis arlitaes Cag4odnly
cell enriched cultures were initiated in the presence
thepfommero phabias i o wigifidanty eakimesis viprofifenationi et @tetm cells in

different 30 co centr ions of the retinoic acid
ext.eeé%(gtl%l?g 1P GBIEE ‘@f\? f@zv@n%é S¥RENSES R osiFe7gls7in the

ab{els PR °2ilﬁsé%%1§&@‘9ﬁsref5§a?féle%a%?ﬁe 9 shiy aisp ith the
anﬁgqiﬁg 15(391%@1%?\]6{0%08 bRl t&p6RaE tted progenitor
cel as t g

S), as we percentage of cells bearing

t heIrﬂﬁhkﬁcﬁtl&Eﬁ%‘){p@B&feﬂt 266l 188 Anrdie Niredt6@ 181 dREEetlo only
represent the stem and ear | y progenitor conpartnent)

withasytoBings cmrly dowtdolpyor FATS @eltipes and The FARSamtagdnist. s A
pl ots are shown in Figures IA-C. Retinoic_ acid

manr %é@wtmﬁﬁe%pﬁg@w&%& Fiageustc wias (radised it weeled 3 of

mculbmnorir asnlsnggﬁgns%atef jhil the results presented in Table 2 below. At
week 20, the RAR antagonist 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 in 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) ’
RAR antagonist (10 ™ M) 0 0
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and CD34+ cells as conpared to cytokine-only treated
cultures. RAR antagonist treatnent conpletely
wa@bmkiozdrer t he expression of the CD38 anti gen BEMIIR0@4/000215
concurrently, significantly inhibited the expression
of the additional differentiation associated antigens

CO— 15— —Cb3—Cb—1t5—ard Tt

non.__ Tabhl 1_hel ow

‘ d from the FAGS analysis. 15 Table 1
No._of cells (x 1.04) % 34+cells % 34+/38-cells %
34T e Hingtad exIcRdTR med GUEP G RFIheEolBRTAHPTEabls Y egBAR
t3' 96. EA a tagloni st tlg"f) M ﬁ%@ 18. 94 17t14h15" 8 R%R
antggonushf Wirthes glegiogsiated gngofhergppaumept, whegy 1t was shown
I J:d t ' t -7
thaf B b0 PR pBOICHERR WREL B FAR IEREEAARIEXS10 (10
M bR OKp] ﬁﬁa@%ﬁrﬁﬁmw RihBlel ReHYBREFAE G ity udhl 111 weeks post
fraction. After two weeks in culture, 4+ cells were
imtial seeldary eficunde 2@11suiBigyred) b FAESMiag abilityeyad agsaydibas
resence of the surface markers CD34+CD38- and
W gt-peak crlagyr forming wAR ahliggpreceded pealt ebsadutet weraber of
r | ected CD34+ cells reveal ed a 1000-fol d ..
Clﬁ%é resliscby Apissimeisss ong Treck, THeowRIY A DiESBHGWS dcline in

oA SRR RS B BB RO e,

veal I E I)/\@O - 7 :
ev%'ce:{;?_ ?EIHL%SO@/% 018)382%% M?go ex%gggbi on %ﬁﬂlgﬁe 1@43%55%2}1 g%éh ©
culdiye8-Tidse resBNsihdch @éschibe aGh&Htdlibehatiofpakicie bélss, namely
Despite the marked di fferences in surface antigen

extenpive srotifigratiom efotlowat byudiféerenfiatiet lase imnmlarket adontrast to
nunber of CD34+ cells was conparable in all cultures.
prephserapesty that infreratiareof RatonmapbREsAgRirstiBoidristentanggne

oG e P BB AL S Gpion e s
(VBRLRRN. 5 S eGP KPS IE DR sy

“ref/eldibllesinRirhtsh of the QbhehAtt SRghBvE 28EA1E %@c%{%i&b ééﬁhe for ex

_antagoni st's do not have any positive or neg
vivef ¢qenson eithenampoictc stapdgdrgtr CEBH vdekéss. 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
expressed a less differentiated phenotype, as evidenced by the leftward shift in
expressi"on 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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10 RAR ant agoni st treatnent of enriched CD34+

popul ations alters surface differentiation marker
wezpres®ion resulting in |arge nunbers of cel | BCT/M200w/@0215

| ess-differentiated phenotype in | ong-term cultures:

In order to find out whethegy the RAR antagonists

LR SRETRTLy SRS e sunber o
CDSheL fin-t 8EMR (78 3v, 124 Wiy ka%) ﬁﬁﬁﬁlt@féﬁag NFRESC %lhél%l‘é‘ from a

treat ment was tested on g-term expansi on o

reseletted, hipthlys phsfitd CIIBA- dél@fra\éﬁbﬁ 49 earhpsreditd RoARs, 2 and
ant agoni st's for the first three weeks onl y and t hen

5 weekibdrespetiovelpy afeli tiniviahl seedily (Webles 3)n tHewever, most
absence of the antagonist. In order_to determ ne the

remsprkehle l@ﬁh&tﬁbeweélgdﬁmnd@ﬂ todhe AR rrantagonists and gxpanded

on SRR P RO PRE o RisPus HNe G LR ORAE Byl G0t brior
pu%fg%tfsbﬁlt %& %]93‘15 ulati . RAR 3fifa 8&39&6% EP&’%S suffi OIment

+ SUr f-ace expression s agarn erm ne
to &in M ﬁl:)é% §ns‘@ﬁ |o@%é‘§téin®9 i ! e
? (Fi 1éure Du?| né the first tﬁgrie%\ﬁecggs&gﬁﬁa%né{t s 5

Weekmpcbsitseeahnghwhﬂe wengohMNCg thiatli readétectablesa®®B4 BHopulation,
bet ween control and RAR antagonjst treated cultures

RAR, antsgasisbireated enlives sevehledD8grifisent mugbass afeCD34 " cells,
|1 owy ng an additi onal ht weeks of incubation
an sk A e Recazemies fetpkat ARantagiit claborted by
r t ed ures rev ont L nyous erm
thefYIRIC CORECSsTl bl Shoket T £4 S BRI RS B e
3R #3 e i
ins G SFRpde (R EIGEL oA BY theafalt %rﬁﬁéozﬁ%rfé Aifrate
thisesmp@ement) RAR ant agoni st treated cul tures betvveen
week three to WO 2004/078917 PCT/|1L2004/ 000215 123
el even and a 1621-fol d eXphlesi on of this conpartnent

occurred since the |n|t ion of the cul tures.
Expr essi on Etpapsigncs3d éélg’z mﬁ@aqurqlls surf ace

markKers—was —verified bi-ghty—purt+f+ed,—€bB34+
re-sel ected fraction (F ?WBSBB C). After 5 two heeks
inculture, white cont | g eal modest
10-fold increase in CDGg%ﬁ_l I r?%tg) i on, | RAR

ant agoni st treated cul tpges expangﬁ “@Wked
53ro-fol d. CD34+Lin expr esgi on_at 9% even, weeks

af It N¥ of @®34t@ilgidha0? ®n| of t11e trleat ment 1got h the
antagoni st rpvpalpd al 16, 700-fald increase in

coMerof GDMX@HBS& 16n. * |Conpla76 son| bet weelB2 fie

fo oavnanci an n'F

% CD34/Lin. 1 78.4

5 weeks

Cytokines | Cytokines +RAR

only antagonist 10° M
Ne of CD34 cells X 10* * 0 985
Ne of CD34%/Lin" X 10* * 0 237.8

% CD34/Lin’ 0 24.1
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1o RAR antagoni st treated cultures versus that of
control cells indicates that only the fornmer enables
W@ 2®igreoi1 cant continuous proliferation of stePCTEI206t/000215
in extended |long-termcultures. The conti nued
expansi on of stemcells in2dhe absence of RAR
* Caitiag9vy ®dlge | ndi cates that even a relatively short
pul se with the antagonist is sufficient to nodify

st eRdRedtagesispneasnedteniumes POIH-Lor DB It BPPES IO R Forming
cultures were treated for one week only wth
unig ok r@EYcpabilitycontrol ) or with cytokines and the RAR

ist..A k | -1 ff f the RAR
g5 Stetings ofict | Haac abGi 19 e selopt fopmmesits
G T .
andC ehflyr BogdRltsF | RIRt _@tiﬂlaa? E}(%lg Sgﬂ&ﬁé%glox@?&ﬁwn ere it is

nornmal differentiation, hinas I'net1<C

demdastrateh that wultued pre-feesgertofith tIRARNEMES Fstshatabled ereater
one-week RAR antagoni st treatnent is sufficient fgr

expanginatif calls yithoalaelfremgvalhmppeioy 2§ evidenan pitld preséfce of
mcells in_ex-vivo conditions as the RAR

inc%f%%elag Srers phfdTberllsdystigetheicatended dongtiri culture period.
bbb haeY Su Suiies BRee Ripplomeniod aviteeh pambisation

of & A ghnrs: 00 IR i 2b-5o38l (LGS Aayine

preduttagioni Storcdftraod) of tﬁe%@@%&a%%@%%%gh{ 194310 RAR

PCT/ 1 L2004/ 000215 124 (week 20

antagongst sroatmemtco fdiheadull@iresetvias o0k iletad p&ioEBamheE Wikks or
the RAR antagonist is further denonstrated in another
WaSeSPENAEH during she entirevadtush pomod.t Tht abXityite fonulGRITesvas
detSH gl rfren ed with the R@R ?nt agoni st AGN194310 §10-7 5
eteiiped o ORELFER Y eskse opltarrsbreaded avith Brdsises of 4hé AR
i ost ,.initjal seeding of culture
iRt B & hEraf R Bopin Rt e ke i ol

samS?;Ltre{%ﬁio Wg&gﬁ%g?)ﬁ%oﬁﬁr T 4R iRl Sis 8y 0588 First 3
weeks 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 antagonist 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 ability to regenerate cells

with CFU potential (Figures 6A and 6B) RAR antagonist pulse-treatment or
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CD34+ cells by approxi mately one week, whereupon a
preci pitous decline in proliferation was evident, at
wokiogl7g901 nt cel lul ar differentiati on occurr edPCHBE2004/000215
evi denced by the | oss of clonogenic (CFU form ng
ability) potential of thei2rulture. These results,

con\‘ﬁf?lth‘éﬂs HeS G4 Gn eﬁ]s%rdr@FUb&ﬁ"i‘é’ﬂt%a/ gff xS0 MpREde t?‘e HHRTEYm

ensive proll ration f i"fferentl atlon

the3n@adoRidTBiKEEd aRMhicAsSt 1bPel JIF ENUOMSK é&&@ﬁtt s tvkat (Figure 7)
integration of a dom nant negative reti nord recept %u

gene sustain infinite proliferation, in other words,
resulted in the creation of cell lines 15 (Muramat su
M B| ochem Biophys ReEXdMBREZD01 Jul 27:285(4):891-6

R AN G ORE AB %&R%W@&Mi Hekagocre

henmat opoi eti c stent pr @fl I s), whereas in the
present invention, ully capabl e of nornal
differentiation, f ol I OWI ng ext ended ex-vivo
proliferation. 20 A representative FACS chart plot of
CD34+ cel | s 2Mamdridlland EsperintdntabMiathads- sel ection is
shown in Figure 5. While control cultures expressed
mardéelasionopnd Cerlypee af PrivemHepaacsesit e,

ot 1 TERE et &ﬁggaﬁ%w%&?%@eﬁs@é\% done alat@ft&ec fepalgmie
(Heﬁﬂc{xf tLal'bﬂf1 no ” ?anerﬁr %faegg a(%'i_gk%ﬁf‘edf ?ﬁl@fi g\hfc%t Gith

neage n
Dl\@%ﬂ(fB@&‘ |Ha°en‘i@<r iviae)f HRWLEAR @ﬁhqufmt int ﬂh%ﬁsrxegence 0.05%

cultures expréssed fewer |ineage related surface

coltmyekavestor BARnAMIARAAH7S C, ik @ald @i pakedranongl hod0 e8lhesh
popul ati ons expands a popul ation of cells wth a

sievgsgeldinig erdividual bebavberiet. y fellbbneruchshad tedtd and viability
fractions cultured in the presence of RAR antagoni sts

wagppesyRmast g gl tryper /e o@@llamq platadg miw&@ptmmdegﬂ mm

ooy LI BB 65 D5 IR 0
RS ek o, SR 1P BB g,

10@@&&9&11( resaiin-sedptdm z@fnt egmwhﬁfeal 0. §e9ﬂit§ym( Tﬁmlﬁ 3) 5m

However, nobst s renmarkable is t hat these cel

cg/rrdslmindemmm@ e dRER cafetgbmiint Seamd). expﬁaﬁiﬁd wa# changed
undi fferenti ated popul ati on, even in m xed culture
aftero h%nhquesahst evialliowerpashed fwicer gt pbespbite haffenalsaline

(Pé)é))p Itle!\)\(f) nmedﬁﬁrl? \292{]sta eH! ?\/Ie(‘jl{lIGHa\tNgSe Qhangegl tx?vlilcfef Ell %Jlegfgt
Hepatocytes were also grown in the presence of Epidermal Growth
Factor (EGF),Platelet-Derived Growth Factor 8 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 cells. 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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to stimulate specific expansion of the stem progenitor
cell conpartnent, as 5 weeks post seeding, while
w@ewoti91MNCs had no det ectabl e CD34+ popul at i BET/II2004/000215
RAR ant agoni st treated cultures reveal ed significant
nunbers of CD34+ cells, amnd those that were |ineage
: I Chent , or -ahor at e th
D. [REK Dore S8 SRaDs SMMoRatRrS, RERRIALEY, ugrhi SC.
Jur@ninanh 1 APRieSVar Micha%gﬁmdy GRL SERRARE! d}%—{eﬁ% cultures
signal provided by the R antagoni st to el aborate
of hhimmnclwepatrdytesntmaiffendacd of 3elxporph 9 ftraab8dptidr factors,
mpnonucl ear cells 2 weeks Cytokines t oki nes +RAR
and Hy gr-snecaige finstions.- Biovhemy BiophgpB4s €@numuix. 2GR0; 2697H: 46-
53169 Ns of CD34+/Liri X 104 * 1.76 132.5 9% CD34/Lin" 1
)78.4 5 weeks Cytoki nes Cytokines +RAR only

or GOy o g S e St onghtigy el are
o0 HERRLRCTS! 42800 BP9 RerinbAE nCid HIML IR GKEY 88310

RAR ant agoni st treatnent e n cu

at aoicontyati@isnangingUibih 10ETG 16FWe) Mabi | ity Denonstrati on
of a culture's ability to formcolony formng units 5

( CRAStyr iagpeaivst 03 Weeks) cultaks tieated with 198t Mbanthgenist were

verifying the presence of stem and early progenitor
deté‘g?q Wiy @}25%1&@[]%31@19 pplitr b veplatpdtag at | 31 ratiper’Ehd cellsswere

R SR B S EIE AE
sel ik fReNB)atGARAC I 1rES sﬁi(f)l%ﬁ{é%?edd et MR SRS Lvere

evaluated as primary cultures, or following first and second passages. First

passage cultures were grown for 2 weeks, split 1:2 and immunostained 8 days
later for the presence of albumin, as described below. Second passage cultures
were similarly grown for 2 weeks, split 1:2, and grown for an additional week,
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 commonly
use as markers of hepatocyte functionality, was studied by indocyanine green
(ICG) dye uptake. ICG (Sigma, Jerusalem, Israel)) was dissolved in DMEM
yielding. a final concentration of 1 mg/ml (Yamada T, Yoshikawa M, Kanda S,
Kato Y, Nakajima Y, Ishizaka S, Tsunoda Y. In wvitro 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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i ncreasi ng nunbers of CFU cells during the extended
| ong-termculture period. 10 Long-term CD34+ cell
w@e eiourses7 wer e suppl emented with a conbi nat i onPCDL2404/000215
cytokines, FIt3, TPO, I1L-6 and IL-3, with and w thout

varying predeterm ned congentrations of the RAR

visGAlARAUY ] ht%g&(;sgéég,o RAR antagoni st treatnment of

the cul'tufes was alimted period of three weeks

or ExasyCOfiands@eslls dhi Mepiideyies tidre st Wols [
The abi | i%ﬁto form CFUs was }fg detef%yll}léedé@gﬁgfehﬁq stain,

accootiggt 8r méufaetks)s ciaktructienst (Shimibnpi PhitsBuflgsea)ofor 4
.the RAR antagonist for a short pulse or continuously
MIAeS Whgoemnisarearatuse,comshes in dudfdresplutiemtfod dnvimihutes and
ct?’etpgfi nes al gpe, Long-termcultures pulsed for the
wag -4 3G HA Tigse §OI®Dant agoni st reveal ed a 5-fol d

i nc i U ¢cogntent as conpared to control
TipGobRogenb

cul A and 6B. Enunerati on of

m méﬂtgﬁt&sw%{)e h}ﬂﬂ;e ?%xb%@gioﬁo&t &%&o%%ét%ﬁr @&Fﬁj lclising a

not con n any X-col ony Torm ng uni

b fiptai ' | i
ra @’&ﬁﬁorﬂﬂtaﬂﬂlﬁﬁdﬁ}a1§éhc?%£ﬂst%ﬂe%’ﬁl§ﬁlaﬁ9Pk?cbﬁ‘le@flglr%r.ggﬁém

nunber of cells "~ w U-m x potentia Figur
thaReRssmeagomiitht AFPefrtomeniouse (HALKEE Stk eDERdT é&ﬁ]@idggff Wanta
culture colony formng unit (LTC CFUc) ability: 5
Crupy & Abiandt 3lbvumin gsingoE ebbib entistrarmton swbuke rallehin(@appel-
ultures treated with the RAR

1O At Obis). ZCetipiett fhedn FevuReLe! A O unvcs
rinddFie PN Fn O it BLORRNARR b iy e oSt
Jertdaldin CRAdE n PBEWBER ed The o }Nl%?? gtfégg@gsg%ghgirt%{r is

control cultures, whic ost the a

bufier dakin8 (TRE} ForGrihipetes ahd ahcublicdUwRE 164b89H &8 uRARumiIn
ant agoni st pul se-treatnment or WD 2004/ 078917

(BS0rm PBSoipr dfomisuted 2 Frcogeneumsuseroxidasasewtrd fiaceasaed by

. %:ﬂ? cont.g{lt by .15 x 104. Pulse treatnment with the
ICURALON, K1l PeTaiRsg blaskn(Rindsion) ddakio, of arpigerrax CA) for 5

0L S5 E Be o RMGEE B Bties ied i
rab%?@%%%&gg%%ﬁ&@hﬁ@g %@g.gfc@i:gf gtSl%b)’Ngrt ggoa‘iir?stlo%- elttg%)}oct)&n
(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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10 Three intact livers were harvested from3 week ol d
VLVC female mce (Harlan Laboratories, Jerusalem
wo 2008878917 di ssect ed and washed twi ce with DVERCT/B2004/000215
Haenek, Israel), incubated with DVEMin the presence
0.05% coll agenase for 30 Whnutes at 37 *C, ground and
sta i _ ; \
PR A P HE Rod i EoiPRAT 151 E¥EroploBhf Fitkre 8A), gnd for

albuirdbi (dataynd5sh@en R asBedtRign s Prdsbndd YPFAnSidie &@5{0% es.
were plated in collagen-coated, 35 nm tissue cultur

Incpbaties ofitheaculames inythefprsenck @ the 67 ddl letihoic dcid Fldeonist
media (containing 15 nM Hepes, 0.1% glucose, 10

resglierd dman oreasaainethe fraction tof/gells: that stained positively for o-
enicillin-streptonmycin, glutamne, 0.5 units/m

fetoprotain fS GOIBpgre gtgne;oq% r(‘d]é%lﬁ‘@ﬁ Eloigure §Ea. 1"5h4,9f1ﬁ1pmase may
. i _ ' 12 hy ,

SRRSO o AR R bR o
L 8 e LR LB NP S A e

celishareprdesiand eafovEPicdasah &awed iFaecPrwith th finoi .
(EGF), Platel et-Derived Growth Factor 3 chain. coroe acid

antaeOEFt GBpure BBpIwhhkt fevgvosst happacdneris dtated) c@iiebl cultures
.Hepat ocyte Gowh Factor (HGF), at 20-50 ng/m 25

(FIE%@@A}-M the entire culturing period according to the
mag]god tOf Schwartz et al.. (Schwartz RE, Reyes M )
MoodFRAPSYISY SWHITPS SEpWEa iR THE PRgschgmaf fhe peiagpmistrand in the

: i]ljie, OM. MiLtipotent, adult

a3 Byt 18 3 SE00RL N RPYBlih pREr Rt Bt oThe
: L Llg. ' t ,

e astianst 1SRNy I ESHLT, S BT perprar
moiphcdegy (FiburedQy) dveshipotdes preiiogs HoatingichBh gddiﬁﬁculg,y in

Runge et al. (Runge D, Runge DM Jager WO 2004/ 07891
SrOpPWIE Prizguy hepaipegies fasedendadpakodskk tiBeeén cHitatez efecially
. tEarﬁt hanasfj s S, Kietzmann T, Strom SC, ~ Junger mann K,
i thp @PEene O oY ich M closte b6 5 duldbermb V. eNew ways in

) n_hepat acytes: .main C f N
her SN gy & U BBre B ROH setionale ALTARE: al aftuis-s6,
HirloAC 0% CBisa ' hi 5% S

46-5 B3). In Eﬁ"m&%@ﬁ%ﬁﬁsﬁé@tﬁgﬁﬁﬁ§ﬁe%9@a§85ﬁgéﬁa@ll A,
Asahaka (O ©@E0rd] Yioshisatock! | A RHE-teh Qfkubd mﬁnﬁh‘%«?egﬂ

or absence of the retinoic agi d ant agoniost AN 1 4@6%%68
whigh sbavena r bighorgrowaingpogntinbmud- &xpvesso their9d diferentiated
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 normal 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 results to
unsupplemented cultures, in that supplemented cultures stained positively for
the production of a-fetoprotein (Figure 10C), as compared to control cultures,

supplemented with growth factors, but deprived of the RAR antagonist, where
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After a period of 3 weeks, cultures treated wth 10-5
M ant agoni st were 10 detached with 0.25% trypsin,
wapios7sand replated at a 1:2 ratio. The cel |l s B&F/BE.2004/000215
ei t her i munostai ned as descri bed bel ow, or visualized

with G ensa staining. Mirilde hepatocyte cultures
no sipplueoseaiheg Wrdsh elfdenandi ini
primary cgﬁgwes, or fol o%ﬁm%g\lvfmi)?'st %é%%(lég(fé@‘gin§§almng, as
deteraysedeby piobing foas skhyeninubipressione gagr e & fRAR
weeks, split_1:2 and i nmunostai ned 8 days I5 T ater for
antagpeny Eeadert éliglral 10dni and wetrerdedr supplerheted. cufineanEigure
were simlarly growmn for 2 weeks,

| :
105 PR eojtine Sudrerintaton Vieh Gy 1 loAks olswl i TnsnBiwient t
[ ) Lo larly i ined 4 d I .
P p s AR Rhe P el iERORBEL 2! ooy os - and ex-vi vo
' i t [ t 0 i
he TRy T (e S BB SR, b unsiGreied

hepbtpcsteandaires werOORMHIES fGSthRI dHiH@dto%rfi\é,\t in'@fture. In first
cel lul ar uptake of organic anions by ‘culture
Pastigsagtvythe sactorsupylgmentsd asltures Kesth RIAReRAt @It treated
studi ed by indocyani ne green (ICQ

f ' Lity,
(F 1%15%%%%5;;@ Iun{r@@wc?i%@ml cylbvigs 4Figare 13 Adebydaledithe presence

L ved in M 25 vyi.el dj a final concentration of
of S for hsaltowe oy WO Thsatech Aadss (Figare ¥.C and D)
Mk | | 28 Tsunoda Y. ..In.vitro
reverhifh lafe Flaltltnilﬁo% %ffa‘léﬁeésﬁ%iﬁ 08 icce(ii%t ifligatiyesof, »hgpatocyte stem
celllpepaladiont e- 1 i ke cell's identified by cellular uptake of
i ndocyani ne green. Stem Cells. 2002; 20(2): 146-54).

TeRedanyd peashpeirpeciwtH €860 vaee ASRRASHOW &L, Whiled
. PBS and incubated with 400 of the dye 30 for 1%
dimpgisiyneny iatthg numbesaficpatosstes avidmtrinnontoB chiti®s (Mdde
11E?P,)BS, and % 2%%1%078917 PCT/ 112004/ 000215 129

| SUDHRAE £y iEcatpdcsudEes(Figumxl 1F )y indisasivedelth failure

s were sfained with G epsa stain,

of G8IE {R0Sr BRI Eon Bloheh arues | owengahandapersisien
hepdtb& $tePHI By ' Qm tenper at ur e,
e s P ARTLI SR Gl AR e5INE Bbiiiion end
long3tesmtdubteise pf hépatd)mgggpmgﬁb@gj. | mmunocyt ochemi stry

Hepat ocyt es were probed for expression of
a-fetoprotein (AFP) using a
. EXAMPLE 3
RXR AND RAR+RXR ANTAGONISTS AND THEIR USE IN EX-VIVQ

CELL EXPANSION

‘ Material and Experimental Methods
Synthesis of the RXR antagonist (2E, 4E, 6Z)-7-[3-propoxy-5,6,7,8-
tetrahydro-5,5,8,8—tetramethyl-Z-naphthalene-2-yl]—3-methylocta-2,4, 6-
trienoic acid] (LGN 100754):
The synthesis of LGN100754 was based on (i) Canan-Koch et al. 7.
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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rabbit pol yclonal antibody rai sed against a

reconbi nant protein of human origin that cross-reacts
Wi/ o077 from nouse (H 140 Santa Cruz Technol POKIL2004/000215

Santa 10 Cruz, CA), and al bum n using a rabbit

anti serumto nouse al bum m3) Cappel - I CN, Aurora,

13Oph; b X ' t - for.40
entRH P PUBRAEL R R B Mo B ey A8
matefh e!ﬁu%&gasé‘égtfﬁbn% Sard PRABEeER! c. Jerusal em
I'srael) in PBS for 5 nutes. The cells were then
vwasSyednanid h TrafS  buleynsRlING4ddPafmethyIL7-propoiyL ES,3,4-
and i ncubat ed vjvist h 1% bg]v"fne ggr um al bur’:lgn ?gdp(B A) I n
tetrrBdfomaphthatemait es. Endogeneous per oxi dases were

inactivated by incubation wth peroxidase bl ogk
( Eihospharus sakehlonde D rodrsramscall 4pgnl 5 > e Dvagadded

crop§F RS Ao e T (Rl Buont bt bR AR o
nitfhgt APRIonsEt. 728 oty HACHTRL Tor 08 pitatien” IHe BIc-

propOxPEIAR Raafeh @bl Y5 B8 (téirameRiyMOPhiRI 602NN Jeth@none was
manuf acturer's instructions using the Envision
adddBRpssldy ém ¢izapartiofd it erange sGitionatit wactide ssiutionedas
W th hematoxylin (Dako, Carpinteria, IE:‘Q ]
heagsdier bthenaad wRestirtes! 25 1Rioves. yThe bbisinsl drrkibrednfsobrtion
3 weeks. ol d nouse liyers, grown in nmedia. in_the .
wag, PeBTEelnty 168 Maitsmand thepgusnusplaycs Brastadiusisd ta ol ghwith
f at,ocyte- specific rkers, i ncluding earl
sol s RESR IO S RABGh e BRI SE SO Ft i i i ghe orude
' Legs.rfli i 3 N 4 4.C 0y
e A s Gl R i AR e A
robok{-Qvil Bg-t3t Mggﬁé hphtBslehely, .12 bi4the dhscal los /b il.
. t2300‘%/ 078917 rP /IILJL 0%34/ 00%15 1§0 st'ai ned pagélgt ir\?\glnym
A sohgtbrbobthe guée chioradre) if dioxantatatpr (3:2) 5 nflFiveasr ®id34)to a
and for_ albumn (data not shown) indicating the
solyfiess eh MNaQYT (PWedt gremsl | ieprmely de slioxange Bh&t (TR; 80 mkeat
¢l tures in the presence of 'th 0-5 Mretinqic acid
80 2y AYEniIg Ty, PSHITE Ve Stife eéEez RSy 0 Fyglek #bRraree

- t i ned. positively for a fetoprotein a
reaffin SPUBIAR, SR PEICBE bbHEh gl i) FRAC 1 e,
pouirBE 8RS Brif®YandStARRled RAHPHRbIAEr q.tlie_o&gﬂ{ 'ce?%éé was dried
hepat ocytes. Sim | ar?y, gl ensa stainin 3'} e
(MgsOtyridsered varl @thcantratedao pofort ahi @8ngd oidwllick &¥dsSpurified

(hepatocyte stem progenitor cells are defined as oval
by ¢edihk phiomatographp10rleheeahenithil atwdateptto ngive theipgoduct 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, OCHs), 3.19 (s, 1H, CH),1.83 (m, 2H, CH,),1.66 (m,
2H, 2CH,),1.26 (s, 6H, 2CH3),1.23 (s, 6H, 2CHs), 0.93 (t, J=7.4 Hz, 3H, CH,)].

Synthesis of 3-(3-propoxy-5,6,7,8-tetrahydro-3,5,8,8-
tetramethylnaphthalene-2-yl) propynenitrile:
Ethyl magnesium 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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ant agoni st (Figure 9B) while few were apparent in
untreated control cultures 10 (Figure 9A).

whleqanmsoytr es cul tures grown in the presence of P€T8E.2004/000215

antagoni st and in the absence of cytokines for 3
weeks were trypsinized, s@3it, and replated. The

(0480 RAEd) L BT 1Lt R ot

for 6RRAEEENd thel @TIQUH £RInA tdripéiadire PR Efanatd (Y40 ?ra}ﬁs,
grow ng primary hepatocytes for extended periods o

0.5Q inmte 3i33 owmhollivess akjedcinahbt)yto the rehai@bsaoten ahd the reflux
cytokines (Wck M Koebe HG Schjldberg FW New ways

wasj ¢ontingpd forcydditiondl 2urans. €he reaghonisiolutian wahcoeled id gorm
ALTEX. 1997, 14(2):51-56; Hno H Tateno C, Sato H, .

tempgIRHEsK AD ,qlmcévamﬁlt%, 2 | GHUSERA PMBPRIAR | C%&C,’ﬂg%%%tﬂ%

Aabepsr Beyn, SSBNET O Socil RPHETU, T utandk D

ess ir dj nti ate € 3B A -

B e R G e R

teﬁ&y&‘@ﬁdﬁhﬂﬁl&-@-yﬂ-@f&g&%ﬁfﬁiw |($(D%?télsoa 1ol wolidl 4H-NMR
hepat ocytes that ~undergo multiple cell divisions and

(40eMftzm <sDab) mdl7 phtsddhyhmH) pbF8oisy pHs Ar-Am 319P4t, Heb.5Hz,
%(396' 148(2): 383-92). 25 The S%ngl enentation of the
2H, QD el 82 dma 2M.tGHyk dvith(hadHeCHa, pei7rsr §H, 2CHs), 1.24

B s R
PR A LA 55 SRS 4 ol

naphQRRRHeL-pIbEOIeh OhinGld: t Ur €S, suppl emented w th
growt h factors, but deprived of the RAR antagoni st,

whek dlane dfied/fBER9as EGTEtd 26044 GOORABsi0nl 31 copper(l) iodide

I nmunost ai ni ng was_ evi dentWSFi gure | OD). Background
(0.05t/ agrameg 0-228 mansteiondl Héd(Sownl p pod itheynfivfura magrstinred at 0 °C

expression, was negligjhble. in R _antagonj st treated .
undBE PRGN SO Tareund Fahtle BSOf Ehabk 66 ol ggation in

Fi I tati it h
cthesr SO B wod PEReT BB K B ERE t % g The
solltRrS vilist E&si1eat ioategl «gel ! §¥fopdk%f1%t YPfow A BhatbMr. The
first and second passages of growth
acefydateor - suppl efgt ed hepagqs%ﬂ,ag%ﬁm%ﬁﬁﬂ%% oxy—5,6igg,8—

eval uated for their ability to persist i'n culture.

tetrdhiyrds onaphdlsa enge 2 gl o ofhiadtco (0 H4P pLemes t R Y3 £ uhinel)e$n THF
(3.0b$1§] W%Raggetda oorl]ai\nge taglcelqcthgdsolution 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-yl)but-2-enenitrile (97 %) as a yellow oil; 'H-NMR
(4OOMHz, CDCL): d 7.19 (s, 1H, Ar-H), 6.78 (s, 1H, Ar-H), 5.35 (s, 1H,
olefinic), 3.92 (t, J=6.4Hz, 2H, OCH,), 2.27 (s, 3H, CHs), 1.79 (m, 2H, CH,),
1.67 (s, 2H, 2CH,), 1.28 (s, 6H, 2CH3), 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-
tetramethyl-2-naphthalene-2-yl]-3-methylocta-2,4,6-trienoic acid]:
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(Figure 11 B) and untreated control cultures (Figure
11 A) reveal ed the presence 10 of typical hepatocytes,
whoweweso1bnly RAR treated cultures (Figure 11 BUCEHNGE)000215
revealed a | arge nunber of islets of oval cells,
i ndi cative of a hepatocytesstem cell popul ation.

i | .
ShavA R SR el e BIBBICE UL % stir bar

; Vi i t yres {Hi - 1L -
Waéi%%)af,gégghggln%ars gg‘ﬁ{;og %&ﬁﬁ?g{)%%%u’lgf d?’es <a Fi g?frle 56.7.8

tetrdifdro-riaptiteddnev2-yaf-bat-2 ankitdleofadduowih Haehes (5 ml) and
suppl enent ati on al one to provi de expanded and

tolymae Sdatlgrdnd tapahac goeledito €18 £Gr eDIBALY (RARml of a 1.0 M
antagoni st treatnent enabl ed expansion and |ong-term

soletign Uy tolegneh Sparwugh) evpopddest diopsisouiapyymvRero3hrxrlution
AND RAR+ ANTAGONI STS AND THE| R USE | N VI|VO CELL .

Whﬁgpﬁ?&ﬂm sorest for 1. A@umbglﬁ nentdFn %ﬁ agggeous sodium

pot%%’sg%gjélij%ra f %1@%01@@0 b AN And B rdn tgr%)pélzefn[nr?é over 30

ikt SPAC P B el gl (bt AER i B A oppted

withlEtGA@(Besils o). LB QQAn¥@ DrEase Expaclsi WefeARashdP Ghth
et al. J. Med. Chem 39, 17, 3229-3234 [reaction

watee hadehringg gicd2@bdivmn dulfaie), Sitatedetnd codbemiraiedcolgive the

fromlnternational %pl i cation No. PCT/1JS96/14876 (WD
cisgirerpgs3) WO 2004/30@8p1oporyR, d BRtetrapaeshylsS,61738-tetrahydro-

L A ) eé:s;‘aryalﬁgﬁgmﬁféﬁé@#iwﬁﬁwiEﬁﬂ%m: d
o3 @Sy AL R SRR RSV RS Kol 175 A0, 609
J=8 £t Ahygr &%ﬁﬂt&h@!ﬁﬁggg g}%?@i%‘ﬂ[ ggggm@b Qe 8§, @3&%

grans, 0.142 nl, ) was a dropwi se’

(md2HeCi), .68 an2de2CEVE)1.% 4s,rdH, 2CH; AN24 &), 2CHS), 1.00
under a nitrogen atnosphere. The solution was stirred
(t, fof.4 3, gihGiRs. The 1-(3-

ool yins deiefansume- wme osbaik URORe ih Aohie 0BSR TRORCT
sep‘i:z% taplg grg\trillgeba%ol“yatsi Hen tcl?lgrgre ac\%/iit}? nasgcghlil%ié)r? Not® &ethyl 3-
ethoxycarbonyl-2-methyl-prop-2-enyl phosphonate (0.417 grams, 1.58 mmol,
039 ml) 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-5,5,8,8-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 CuSO,, water,
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1o heated to 60 C and was stirred for 12 hours. The
obt ai ned dark brown solution was poured into ice
wowedoen7sand t he aqueous | ayer was adjusted to pPCTIM4N00215

solid sodi um hydrogen carbonate. Ethyl acetate
extraction afforded the crisde product, the chloroenal

h -
and Brind: G ider S0t CORET BTN, dnd offndbnrased to givg ggrade
estér 1ZBE,9r 4FF, 6BP7B]-1R0p0RE/sts, P)MitcRithydrb5 ﬁS%?gHéﬁré}ﬂeﬁgl -2-

the crude chloroenal 1n di oxane: water

nalddhe]dne@ - SSmIethyil-@ntaefﬂ 4L‘®(ﬂ'r¢r(oﬁ)c agid @h}drmterl 32 ¢r0Ee kster
di oxane: 1 2; 20 , at 80 C, and the
Waﬁ @W%@dﬂﬂh@ﬂd@xeqss} mwnertbancé (Hombsat refluy tenopeaature

oo BB BN 3B (e, ThespRdn Wi Sohesasaied tiuted
Wi ) 0 A Yo BRE AR RO PRy F8C B 15

mipr argecehbinéli GBaNRSlapls| \ﬁzbl%dwlagl?/e(f %it'ha{w r.and brme,t lried

chromat ography (10: 1 hexane: et acetate

ov@r NdbOy, filtered, concentrated, purified by radial chromato 3graphy followed
et hynyl -1, 144-tetranethy| 7-propoxy-1, 2, 3, 4-tetrahy

by dpr@na@hwn asiline gcﬂgTMﬁ ds gixeyElH, omep.GZ)Ew{moxy 5,6,7,8-
8{}4*2 13): d.7,38(s, 1H Ar- 6.76(s, | H Ar-
- 985, % ¢-totrampet g)qzz- ghth@tqqg)z-yﬁ ?1—916(’(@}110@31 2,4,6-trienoic

acigj::ias %&% Yhog S()LISHZB‘LP k%&g 632551215';\41%%5 MEG. CL): d

6.9?@)3}0};66%@ @gs gﬁ 363 (ddg/d 563, 11.0Hz, 1H, olefinic),
6.206(ppp®: iy RREh a@hﬂ&gg@ 7)6' 5 PHO%Y%E)E)? éfzs' 8Pt LY Hy 2H,

magnesi um br om de of ut| on In

0C31322.18n@| )BH\J\/@Hg,dﬁaG @r QPIM2EE {, q W(ﬁPOZHt QFH?VPESW@ 4H,
solution of the acetylene 30 eth

ZCHﬁ) é{m@m}h 2|€HW|l 23 és200 / dﬂgg Ymg% 201%Z /25 d%b%Hg)St r
ahydr on en 4/ 078917 PCT/ | L2004 15
13y J(’d @a ?gﬁkt@%gﬂfagmw%[@@e% a2, S-Priwethyl-2,5-

HE) | BT P b L0 LB RS OGNS,

[degigaimed HX 5P 3 33 mmol ) was added (neat) to the
reaction solution and the reflux was continued for

addPyitberas of tHeoRAR+RIKR. arsagdrii 6B Ut fnacsmptRBESBased
to room>S tenperature and gquenched with a saturated
PeEdEn Heyarided sty Masomki Ehepamoue @by Khpmf dHaome Bull.,

47(?%29 B UOPE 5% 8 et ramet hyl - 3 pr opoxy- 5. 6, 7. 8-
et AN ODREIS Dk el oV e BERRAE" (111 e (80% as @

Solutlons 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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(400MHz, CDCl13): d 7.44 (s, 1H Ar-H), 6.78 (s, 1H,

Ar-H), 3.97 (t, J=6.5Hz, 10 2H, OCH2), 1.83 (m 2H,
w@kdy/0780167 (m 2H, 2CH2), 1.27 (s, 6H, 2CH3),Pdr/B4004/000215

(s, 6H 2CH3), 1.03 (t, J=7.3Hz, 3H, CH3). Synthesis

of 3-(3 propoxy-5,5,8,8,-tweéranethyl -5,6, 7, 8-

t et ImayRy: : I 2 Lt il e fl

i oo e R Sgichaf A Moo R e (s, H et
al.,i Ghente BarS (20 ORI, Y9994, 25-ROReynh) 5 hexdtdaidi5(15.) Aashs,

the mxture was stirred at 0 C undér nitrogen
0.580 mvehhwae . stimeedhwiithl 37 Biouaquedud G (250 anl). rM hour. The
. .scﬂyuhi on in ether, 0.596 mmol) was added dropw se to
gl hamegersqus Jixdee eeipitatedeto weldie icoystaktise puoded. tThe

pro&i{;gﬁ gflagnﬁgct%;{ :r%g &’ re}{llooty\f/)el%{oqggmceqclhg; 'anc-lr I?i?ied with CaCl,.

s -5 8,.8-hetr VARS r y-5.6,7
Evgpeogr?%??‘i d(r)g nglghtsﬁgl%éﬂ élﬁ%’ﬁ) %ﬁ% B, i(f8§ (%}é oo B MR-
ird3 Iy) pi i |
SIS RpeaILy puft SOk, Which Tob MERRAAE HARMUSSIAN] ctbher
(mpHE68 5D, NididhloRt NSdinctByIAtdaneAN agueous wor kup
afforded the cis-alkene nitrile
3- (@ﬁhgﬂ@xy- 5,hS,hS|,(8’, -t gt r la;rg6Jibfgnﬁ),-ﬁ,z_73,g.¢let,.a;(%‘g.06}¢,1’4,4_
;etr r -npt al ene- 2Z-y ut-2-enenitrile as
’fe"é(”if"éﬁﬂ%‘wgf’?“?e"% NVR 25 (400MHz, CDA 3): d 7.19 (s,

éIHé %qd:;nl %ugg—b%ﬁfon#geﬂ%l& E?l%p%eé%aéﬁ a %t_ll_}’zbar( and giyeflux
corfebir, s &P ¥ < buion b Hghigfighne {1y mpy g mi

and3H.2, 5Sd8ghloPynshdificthydf (&&&nedE(1$2) orar i
_ ﬁ{@l([c) poxy-5, 6, 7, 8-te}?r ahydr o- 5,(5, 8,%r- m%% 546 mmol) i
dichleremedinhy |(32-mbphAhahiemen 2hloride (1.45 grams, 10.9 mmol) was
-3-nethyl octa-2,4,6-trienoic acid]: W 2004/ 078917

l.J . ;
add)ééﬁ’ Ithe gokitvnostawly, 1@l sperianecusorefmresibsides k leften gpeithg

hthe N2 _bubbler, septa, and.a stir bar was charged
for oz 1;5 qugdiey af B%d%ftelglp?lﬁﬂaﬁoﬁ@xvﬂs?@} 828 pouged Hfe aes water
305nB: Brhet (ol akene-2-yl):but-2-enenitrile
( agguct The ﬁgérgﬁ)g%re(qgﬂﬁ%?&{‘an g%eta&uﬁéﬁ%la(ygﬁvﬁs C{ﬁéiswnh
EtOAe (6 6020 edl) t Ohre’ ribinBll Bikaris: i
_solution in tol uene, 1151. 6%%%1? I%}éeg'gg%%gfg%ﬁdogfwﬁfs\gatﬁgnd
bringy drind @ veo sediemsailfitte, dilterad ala y@sehherdstd fieRMa E%romo-
é. 5 hour at -78 C, quenched w th aqueous sodi um
1.2, 56t bbby di L 4rdatesragsihyilnaphtialenepyodaetd war med t o
room tenperature over 30
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 residue was
purified by silica gel column chromatography (EtOAc:n-hexane 1:100) to yield
the product 2-nitro -1-amino-[1,2,3,4-tetrahydro-1,1,4.4-
tetramethylnaphthalene]-benzene as red plates (n-hexane) (36.09 grams, 82 %
yield of title product, mp: 118 °C].

A solution of 2-nitro-1-amino-[1,2,3.4-tetrahydro-1,1,4,4-
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m nutes. The aqueous | ayer was acidified (1.0 MHO to
pH=4) and extracted wth EtOAc (3 x 10 m). The

W@ eoobiorsad7 or gani ¢ extracts were washed wi t h 10P@EIIZ004/000215
and brine, dried (sodiumsulfate), filtered, and
concentrated to give the 187s-al kenyl,

tetraifeti3/ AR ARAXYb&hzend (8 a8l

d(f- naphﬁal eﬁlgéﬂz i/ﬁlz%gu (- 26 g%%l Fgg a yog? Iq%va\?m ?M Iq?%

a edlaﬁa\,sﬂrspem%)?NECDH 68640 mk=8. M Hamoldk Iﬁbl@)
(s, 1H, Ar-H), 79 (g, 1|(—’| m]g;i) Oékh (lﬁﬂzﬁld

the|mpxtuxsi whs ﬁtlxr)ad fGr 30 rhinutessGolfowkd b?l-é.ddiﬁ‘d)ﬁbf%l (®dide

), 76 15 (m_ 2H, CH2), 1.68 (s, 2H, 2CH2),
(. §@> CHﬁ ﬁdlth@@;mng dqr (15110116H AfterBymovaloef thet solder, the

A fI d d-b d fl k
BTIE T et et
I t f di,et
org@fﬁ%oxyirawesﬁg@%wﬁwtgrr 33 Bt R e e vaso.
Remoasts of 1tHe8 s8Rht #RicP- 3&cuiim %aﬁle ? k& ﬁbva&ﬂgnrgtro 1-

1, 3-Di net hyl - 3, 4, 5, 6-t et r ahydr H - py
methpiaeinod 12, iy tetrihpdreol U, @tbtﬂﬁﬁetﬁ?lohﬁﬂlthﬂeng]%egzelﬁn$43

-butyl lithium (0.96 M of a 1.5 Msolution in
g exanes 1.44 mmol) was added drop- wise via a
actlo to 0 C and

Th t
<1 1Moo inoolleD s ivseisdir i ipg”fmmmms

nap B OB S B R pROPD St 9iSaalved impcmbof sl
TN T s Bt"./oé%fh%ag% L3S R i Sher

filtatopandtremevalAffitRe sekvieht, 'ﬂﬁhgrefsﬁfue]wés é}% to%ﬁgh dhon silica
reacti on was quenched Wi th water ?

gel 45Hedom-hespoe Ak toegmeazmeﬂnwnﬂne&tym@d&[ 152 3Q1-teahydro-
ll&é@ onbi ned organi c_| ayers were washed with aqueous
oL ramgth rnapb\%aiwzl bozgna 7s pETyOLREN4/ 000215 135

an dri.ed under diumsul fate, filtered, and

coneRnPitisihof vy panendt Gue chlorigl @bk maet 1 ol was
add@@éto7a3£olﬁtmp%y %5111%51% Bl BBl 2,3 4-tetrahydro- 1,1,4.4-

8, 8-tetramet

tetrmgﬂiyhﬁdt;ﬂﬁbalénéﬂbbné’eﬁéemw mg Cia ﬁ’u'rﬁolg ih rﬁeﬁg%ﬁe\% ]?ﬁjni)ogpd

ethyl ester. The crude este rolyze
Py“@@»@cé?sg)l)l fethanot Wi slijredtfor ef h@esrst eRRE pBhdCIrto 2N

hyd{o& rpfzgched with 1 MHJ (5 nml). The sol ution was

At etnd entragtediwithi B0 Awat dihe (ctBamit \lagsrdvishéried and
s R e e R e B SR Stsbeo i
[amRIo- ABensit €d aciq methyl-ester]-1-methyl-amino[ 1,2,3,4-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 sulfate, and

evaporated. The residue was purified by silica-gel column chromatography
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over NaSO4, filtered, concentrated, purified by radi al
chromat ography followed by preparative silica gel TLC

wo 000giovee11 2E, 4E, 6Z)-7- 3[ - propoxy-5, 6, 7,8 10 PCT/IL2004/000215

t et r ahydr o-
5,5, 8, 8-tetranet hyl - 2- naphighal ene- 2-yl ] - 3- et hyl oct a- 2

QR HERER Y ) Ryl 3fis BBt g pmidh SBsloic By petny
este}\] 1 tﬁlg’%hgla}&n()fl’ 23 4teriih @ol,gfﬁlﬁt&%& ﬂﬁlﬁ%ﬁpaﬂaﬁ HZ

finic 6.22 ( I ni

nitrbbairens (104gra@hsdf i i c) 589 (1. 126 5 Hz, o2H  COMD).
2.19 (s, 3H, CH3), 2.13 (s, 3H, 2CH3, 1.77(m 2H,
CHZKNO]; 678 (Isg, AR mi®lp CHE) added3®o (as solﬁHanﬂ—l&%[anﬁdB&—
1.01 (t = Synt hesi s
beﬂépwt h@cmmmﬂmm §§f(©ﬂr]5m€‘4h¥15ﬂ1120[é 2% &45©trah%dlﬁ9u - 21.8,4-

tetrg R A Gl f?é%%ﬁ%dhgﬁgéé’ 24y ighoif i srEhiic' deia
(1288 L C AT 4P Bofls, B B MRS Re RRC T Er ana
extilcted @'i‘t%”&hcﬂ@)%lﬁbth%ﬁél Ttlle é?%a%ﬁ@e Jg? \Z/%%aefdl?&% ssw?ly

Synt hesi s of 2,5D niethy IonsS o
with it DREICOE watkeend brif, aral @sdd aner K/@S@;U sA &bt EddiRradon,

nole and 1 nole of sulfuric aci d) were added
the s¢sidie wae pusfipd dndileguiel abhnmh yhltomnzsmgrajaﬁy gHt@Aus-hexane
| ution of t-butyl alcaohol or 3 noles in 800

1:8hy 191 Sie ormebnit arhi 2o - ddémeagqlfzuﬁ h@X%Im)d) Smegyl-S-
A 36

nigioRs [ﬁeﬁlﬁo‘@o laaéﬁrrﬂl&gﬁé prPedeacion e '%f aid the

product SSAFLAN (84 Se ) POE b Ao REAs "f?afq"??feﬁig ufflorpasic

con(ftivns (S 8A0QVE:GQ) sy iIRsd:s of
2, 5-di chzl or o- 2, 5-di net hyl hexane: WD 2004/ 078917

PC‘SWzIﬂZM/ oaﬁz 18-(5 538, 3HBe5-eymeitg 255 -hasa g cDaphphed §-
previ ouség descri bed [ Mayr, H, et al., Chem Ber.
nmggzﬁeng@éb ef éj]dmgepgn{jl@&) Iby’rlz@«?@chkxanedl ol (73.1

(2g’gﬁm§q}‘§gglnﬁ%€1 %ﬁ@l-”r{%eg dzp @Wﬁé %%%E@S S mathyl-8-
nitr g b e it ot B T 84 B D gt

(4 Igto)lhf/ﬂéin%m NabHed ]?t Wt RaCasred at Eé{?ﬁ%rﬁbéﬁﬁu@ffo? R&ours. The
yi el ded 81.9 grans (89 % of

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 (dichloromethane:methanol 20:1, then 8:1) to give
the product 4-(5H-2,3-(2,5-dimethyl-2,5-hexano)-5-methyl-8-nitrodibenzo [b,e]
[1,4] diazepin-11-yl) benzoic acid, or HX531.

RXR, RAR and RAR+RXR antagohists 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 cultures at concentrations

ranging from 10* M to 10° M (100 uM to 10® M] concentrations
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spectroscopically pure solid, which was recrystallized

frompetroleumether (np: 68-68.5 C) as
WQ 2407891 or o- 2, 5- di net hyl hexane. Synt hesi s of PCT/IL2004/000215

6- bronco-1, 2, 3,4-tetrahydro-1,1,4,4- 10

t et ramet hyl napht hal ene: A 1200 ml round-bottoned flask

j h t St X nd r S

cORRIORRRR, % [ILRE ChncRirafOfs B Faod et 1808 135k f T e
antapdnisawds 2dBed ifenh PreteterdridédTeiR i6d Or By

tg%. 6 nmol) in di C%For onmet hane (3%‘121&1;@%?% %Ogrh&;% three
weeks or ¢atdintiondly dyrangsthe EOtife eutnirg pedsd 15 added to the

solytion slowy, until spontaneous reflux subsides.

Af t &4l &hey prasgduresringlodig monomedeart calbfactienpeledtioneand

puifgatf R e tgafan s aP it 6ol et qhewmnck g aelibactions, ex-
. ' £-OA 20 m Th nbi ned

viogy ks Rh, W Cpne e b bp R “Beratensy puace

an Ir gﬁg@gﬂm &ibidhGrioh | b @P?Aé ta?fglﬁ g r‘%? %@ﬁl%%p%‘iietict narker

yie bromo- 20 1, 2, 3,

expredsidn 4nd etll popthylonapiiulalRReyHEQAMsEd oft M derBe@fin the
6- bronno-1, 2, 3, 4-tetrahydro-1, 1, 4, 4-

expesmpentel mythedp sedtiineoEXRAplgriaativel 10 i nrol ),
pot assi um carbonate (56.1 grans, 41 mmol ) and copper
i odide (4.53 grans) in o-xylene (300 m) was heated
at 150 C for 14 hours. After . renoyal of the sol vent,
the residue was 25 qrf’f’ﬁ'ﬂg‘lfxé"%’l‘ ¥ ca gel colum

chrggﬁ?ﬁg& : ' yield 1he
pr oduc Zﬁﬁ]ggé%%gr{nﬂﬁgi ?%ﬁ&s&%ﬁ%@‘?g@’?ﬂé’?nﬁ?,’s and a
corbihadiont eff RAR LAY \RERNEHRRS Q1S aPBNZEP9iRS

[%;-hexe}ne) (36. 09 gr ams',@%z % i eld of"tiet"rll’ggf;’?)é’g&rﬁ’f””’
angprogengocrellpinokliwioon of 2-nitro- | -amno-|

1,2 tetrahydro- 1, 1,4,4 WD 2004/078917

PCT(Fﬁ)I? Bo@lgﬁ%@edl?}?@fﬁ rufEet Agitiatgshtinathengresence of a

o P arale (BB T8t 108 B! 1080 il i
diffMnt (ChbnBéntraths dffike f@lgfa?{t'hg gﬁﬁ%oﬂn%{: {@lda feg%xpg’cgaciil gesgptor

m nut es, fo!lowed by addi
(RAR) aatagoaddi AGOh ab4s10,r @) ng rét@foid )bQEéept&f (RXH)G'{{RXQAnist
er

of the solvent, the 5 residue was taken up in wa ;
LGEh OB end (iéi&tae@mbinhtim ofhtler BreR hatagoniEhes GINrig8I3il0 and
thelog.gl‘{ @é%%@\ﬁ%% hngWlt()B7\5mit e{“hraegdar?c{ If?\% v&gﬂs \A.':laf’[serdtrhleeicrilitial
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



Renoval of the solvent under vacuum gave a crude
product 2-nitro-Il- nethylam no- |
wa 24878911 et rahydro- 1, 1, 4, 4-t et r anet hyl - napht he¢ BREpok0215
zene (543 ng). 10
2-Nitro-|-methylam no-[1, 203, 4-tetrahydro-1,1,4,4-tetr
. - t ‘ nggner ,and 893l
hlg@#?tgg%l\g/é) In 2@?%6@2% hanol Kﬁégﬁgﬂv\%@ g?dr ogel)r%azfé%%’ a
confP4eéd HPth4heichutron|{edighed 51'92{}1/)‘5&}16 RAR JanlteonistAfdagment, and
filtration and renmoval of the solvent, the residue was
the FIXRnattagomphadatnrensi | Clearlygéhe cEmbiationhek ReR 1a18) RER
give 2-amno-|-nmethylamno-[1, 2, 3,4-tetrahydro 15
antAgohists 4exerty adresAZisiphehfecbnen bdiz efe ¥@Ot Hixpansion of
product,. Teyephthalic acid nononethyl ester chloride
QSFHIOT£EB%: Mol ) was added to a sol ution of

2-amino- | ~et hyl am.na-| 15 . 4 g dr §r

¢ eaP Tl SPRIRERL Ea s ol QR Burds ek figiated
; : el 1 p§igr
e & o s TIr S g 10 =)
withysghdoghthoni theaRIAR-+RKR extapasitedXM5Bh (FeQAomntagdngst to both

organi ¢ layer was dried and was then purified over
retinpici acad ged r¢tma@AX redepscane( 108yl MW4E8)+ Hdeplegalgart CFU

-4-benzoic acjid nethyl-ester]- amn

i_d 1- net hyl - .
10 anélél;}n)],%?@elﬂsewﬁ*gq@@?mned 3,7,9 and 11 weeks arxﬁer t¥16 initial (s)e[:edmg.

1,1,4, 4.tetranet hyl - napht hal ene]. - e 631 ng). A
Thgsifts 5515t SRt o SR Es 1 NACHed ByiPYast or] - 1.

met hyl - 25 amno[ 1,2, 3,4-tetrahydro- 1,

1,4, 4-tetranet hyl - napht hal ene] - Benzene (630 ng, 1.30

mol ) in dichloromet hanerTypr £dded to pol yphosphoric

acid (6.0 granms) and the m xture was heated at 110 C

for 18 houns. After cooling, waterRagsRERIeENTAGONEST

reaction amd the product was extjfacted wth s

di chl or omet| KAMSTRIHe (cyteokjans enlyryer waBXna3het) vl h

hri na rlr: cril fint A

Tlmg:@lgégé LI < A~ LIS N @ 4 4 >

The residye was purified by silli ca-gel

B4R One. rEREUETE | 6P (91 € VU (T Gaer Do 0109

5 ste

d ovar mmaAanoci nim Aand 2
A VT TTWA reor oairi TATTJU J

Z-[am do-44benzoic a

- met hyl am n
1,434-tetrg
grans) . KNg

o[ 1,2, 3,

B (73 ng,

\met hykgapht

d—metnyl
-t etrahydr

hal efgg] 4-
D. 72 _mmol )

eSTBED(12b
ni t ;hgggg@)z en

was added t

e (10467
0 a

sol @i on of
ester]-1-

2- [13aRdo-
't hyl am no[

-

5 bBenzoi
2.3, 4-tet

C acfsdaret h
ahydr ol

yl
4, 4-

1636

9 307 0
11 0 0

36557
67338

4977
4055

15 These results indicate that the RAR+RXR antagonist preferably enables
marked .proliferation, 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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t et ramet hyl napht hal ene] 4-ni trobenzene (200 ng, O0.44
mol) in sulfuric acid (12 mM) at 0 C After 2.5
whown®78%he m xture was poured into ice water BOTIL2004/000215
extracted wth dichl oronet hane. The organic | ayer was
washed successively wthI#N NaHCO3, water and brine,

andSyithests QfeiheMyithin %ti%ﬁeﬁﬁﬂﬂm) Qﬂﬁqrédhi e alpha, 25-

residue was purified by silica gel col
(OHE)2D3e2@3Bdpbepnert OAc: n- hexane 1:8) to give nethyl

4- (5H 2, 3- (2, 5-di net hyl -2, 5- hexannz- 5-nmeth I-8-

ni tyBHhesan 26 t{l% feyr <[ha§terq01&9maqrémf alphay P§- Sﬁﬁ)zbaﬁe% 23-

lackie oo dermBE R Sy sD60 RITIBR co- o ATBREs of
B1c&?1§kn(\w gﬁioé%?@l}ls{cg %%;%( #?8?/@} C%R?ﬂlgf tAcS ‘;he following

proﬁb&h@dl benzo [b,e] [1,4] diazepin-11 yl) benzoic acid:
A sol ution of

( SEEPntResis of Methpt HJbd -2 MethydBytykateet hy| -
nit r%benzo[% e] ?’i 4] di azepi n-11- ?/] benzoi c aC| d net hyl

est'Be a(s@apengjor of kithhzman 2 mkiethes (chyi)julzdfbrlﬁaﬁdn(@ ntirpgen, a
was st.irred E roomtenperature for hours. The 20

solptign of Phgayl BERKl Pnd éTHZNhﬁ&a‘faé&ﬂd@l dropwise. ARg reaction
d h ...di chl |

mi g B8 Tttt o higre GPRoRARTL e  Hra 0 fnt iR Gyl A

sol@fl 1 bf Bk Eﬁ‘é cﬂﬁdﬂ &th&f EPP%%?%EII&@% A b2Yrdoh and

I cCa ge unn cnronma

Waé @b@llél:’l% QnEy 4’@” Thegihbaaithain Soldtitenws ddddddiBphsse folis

pr oduct
soldti¢d Hhy2 a3syrRigl- dmmg N}ﬁ honb ek anedhubionedh yetByIn(R)-Eei3-
benzo [b, e] 25 [ dlazepln- 11 -yl) benzoic aci
brogro-pgthyl mmonmm rRARaRXRsdhtagddésthereto. The reaction

suppl enent ati on of ex-vivo _hemat OJ(OOI etic

MigEhPas shERtyeHaht atcin tar SAMSQU(T mlpsvasehen pidgshandithe
et e R R o B S TN FOSWBFLO LTl 86 10 °C.

CORSLES | S TORIENY el ST M, YR 1Y b8 s

bu Ptk ISI0 9)923@-&4&?1(23—9%&57139nﬂe?@ep{{@m?) %W— opregna-

concentr at’i ons of ug/1-"to 0
5, 7kt dGpuiigszemas added for a predeterm ned limt ed tine

perlod for up to three weeks or contlnuously duri ng
thel@rt ﬁ‘#w@amu@féhﬁwmometa&m Stmbof ghgceben e solution of

l.udi ng_ mononu ar ce fracti ncolletlon and.
phen 1o bromlge n f of é.ry tlher was added dropw1cse under nitrogen
atmosphere. An exothermic reaction was observed during the dissolution of the
lithtum metal. The reaction mixture was heated until complete dissolution of

the lithium metal was achieved.

Triphenylphosphine 99% (1.447 grams, 5.52 mmol) and DMSO were
added to the reaction solution 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.



10

15

20

25

5 purification, purification of CD34+ cells from

nmononucl ear cell fractions, ex- vivo expansion of
w@DR447891popul ati ons, nor phol ogi cal assessnent PCHU2D@&®0215

antigen anal ysis, determ nation of CD34 and ot her

hemat opoi eti ¢ marker expri@gsi on and cell popul ation

cal iRk K et [ in e

expggiil?rg%ét%gl?mvn\gltﬁ ﬁogsw?gct ion %t?G éﬁ?}%ﬁr (Ileqiong@)feﬁlei??ﬂer a

hexangesdlogon af Res Hldehyde QIR -3t L \Betg 1R 3 BiRtert-
and RAR+RXR ant agonigts and a coﬁ‘fg?g%’?g%’low&%%mm
butgldmetitydsibriosy)s9,d 0-sebepregnatyil BKisHrsicns-atdehstigi n - angas
rogenitor cells in culture: 15 CD34+ cell enriched
ad&ﬂ- t The objganed mikturatns sthradhet Hie8Ermermisha The ether and
conbi nati on. of 4 cytokines (TPO, FLT3, IL-6 and IL-3),
the hepiang yeergithersatter disiled.ethe Teasttanmistiro masofooldteto 60 °C

anci %&%ﬁvm%{[ﬁ?]ag%%ﬁg?lgl@ms g&@%&oyge{qe%dh‘eﬁitﬁ@q%,%cihgi’félg?grpgtagirc layer
o ST ol g RARRAR Bhognr i S8k shisductoppdium
sulfhie RAR @fgaﬁg;o%llsfbntL@(sj _Je@gg&féhed-rﬂﬁ@& 20fcdd éfesé@fe@nd the

after the initia seedi ng, e percentage
ressberyasgdisbutil dighaakem adRedsdeirifbd 6h bidica RS EbNimn (e60
conmmtted progenitor cells), as well as the percentag
gragys) ¢l & nre 9§ hexies-EHO Rer(98:Cpad ah GDEerf, anobtEI3A0Hgof
(considered tQ represent the stem and earl

the oégﬂg‘tl%tr co@part‘hl@i;@a? werléetgé;éﬁEéDRe}ld’EByﬁﬁMS (tert-
oL ! .
b P e P A P i oC e edopreingt ot e

5’7i’1r®3€ﬁi9§;%&§e'12a-b and 13a-e. The results show that
while” the RXR antagonist has no activity and the RAR

ant@gahiss eRreflt s%ppﬂ,e (B Borg ACHE Vidpy WKD ?%}?b,%gﬁglﬁ%ﬁ

to the culture nedia at a concentration of
butgldgmgthpllaitylexny-20Dkianeylt 2-h3dtoogh 1 hdpfeherent i at Lef)-9,10-

s el Seae 20, Th Lhe comi et on o A%

200K GRRRNT T 04RO S BN e
20l 3 LORTIALET L 08 oA LR Lt o
dissobeat mEFinl THEaMkthe shRitRAPAN@ AN P17 FAR ARG R¥Beam of
argon. LiN(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 05 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-ethyl acetate (2 times) as the eluent., to obtain 6.3 mg of the
product as fraction 2 (Rf= 0.81).
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ant agoni sts exerts a synergistic effect on the ex vivo
expansion of 5 stenfprogenitor cells. In an

w@daiorsomal experiment, CD34+ cell enriched cuPCT/IIE804/000215

were initiated in the presence of a conbination of 4
cytokines (TPO, FLT3, IL-&3and IL-3), wth and

Wi tiiRUShthided oK aathag aRhel with a3bidtiontof 15 2 g iodine

antagonist to both retinoic acid and retinoic

in 2rrat eptloriene ¢Hloribe,Nh th\bAB8hce dheyridine (52 afg) Ghl th®reaton
_CD34+ cells were determned 3, 7, 9 and 11 weeks after

mixture was ¢vaplorate dinder. vacTug ard thereaftefr unidies highpeaduwent The
are summarized i.n Tabl e 4 bel ow, Tabl e 4 RAR+RX

R
resigpeT AN IVEOHROLHEcgrd R e n6h (39 | Mg 5 9es (added iperato.
e P s B0y G S el B 1 A St

307 0 36557 4977 11 0 0 67338
ther%é%@%g{) %"rﬁgéén%%lg%ndi cate that the RAR+RXR
ant@@okile VA edAdd witnabd196c afRukeb Mot Iru;i BehdrfN at 50

yet limted differentiation of the stemce
°C tmmnpdrourenflhe tehetsord ntietird Wvds ordtb@ vadehvialwn and the
expansion of stenfprogenitor cells during short- and
residoe guasgrurifead omsdicpegel dd.C patEXAVRLID)Asing 200i4h0E8L1Y5:5

PCT/11L2004/ 00021 41 Synthesis of the Vitamn D
chlqr&yﬁ\]—ggeﬂ@qy@%)asa € aég@ﬂtit/o bigip Had4 782 of dhy desired product

9,1 e lpiia S iR Ry RERLIERIS Stadid) ' Sh82e2 tgtrahydroxy-
. . . T

eorl G 4, DO O e PG 3 AL e

as fPA%on82(R985,4)01F AR MR ICHR. 406 DEFE@Ad 976,89,

procedur e:
EXAMPLE 5
EFFECT OF NICOTINAMIDE ON EX-VIVO EXANSION OF
HEMATOPOIETIC STEM/PROGENITOR CELLS

Nicotinamide  supplemeniation ef  ex-vive hematopoietic
stem/progenitor cell cultures:

Cultures 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, CD38, 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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Synthesis of Methyl 4 lodo-2 Methyl Butyrate: To a
suspension of lithiumin 2 m ether (dry) under stream

wo@tomiorsdoyen, a sol ution of phenyl brom de i nPGI/mi2004/000215

et her was added dropw se. The reaction 10 m xture was
heated until conplete dis&dl ution of the |ithium was

achi eved. A sol ution ptpdrphbyleReshRéi de in ether was
prepared under a stream of argon and was cooled to -

78 Bifectheofphhoylinamide wm bl ueiodivoreecpamtioh difo gwens eand
to this solution bly a syringe during 0.5 hour, and a
progaitar pmewpaisticyell§R) - (+) - 3- br ono- 2- et hyl pr opi onat e

SO, B i B By
con%ﬁat@l Cof %d%[ﬁglr(l%gg $6f. T8O Lt@aﬁ—%\’%?(? gﬁiﬁgﬁﬂ{@ without

reaction m Was stirréd overnig

diffovent heatenteltidnt & RRRndmBRL 8 FoPlowidE, thé@Rweeks incubation
1'E)-1,3-bis-(tert butyldinmetlzylsilyloxy)-20

peribif thel (D343 /cklletaerd rd-selbéipd Eromy cattede-19; predicadon
5, 7,10, (1 9)-triene: 20 To a suspension of |ithium
methed @indi wez enumnérathdy €haeesults, prasentiedrindfiguyshéhyshow that

bromde in 3 m of dry ether. was added dropw se, ,under
cultgres,yyekementad spHek and Bioeainainads gisldad 3o 39" and 180

x 1§ EBRYE 35@5?%% {ReSoiRE b cBihntied Vg dod 10 Bsa+
cel k4 O Hon- el ORI OR) SR AU Esiof the re-

seldRROBT £+ RUdeBction thes MECS | a}m}%&huréxo@teﬁ{/gf%hﬁbr cell
e

4-1io0do-2-met hyl -butyrate descri bed above an
markesu| Thagesltst presentesl incliparkst I5-10Gin@ &b, 1éhdw wubstantial
. The mxture was then cooled to -30 C under nitrogen
Incrgesssiphibedronpdionhel phddyCDBRt, HiRAfsdlint podh GI34t/GEA-
added thereto, WD .2004/078917 PCT/11.2004/ Q00215
DRYGS SIS clliorsn ey RGO diisgrec1pofhiops that

ol s ARIEASIAEL B PRSI 2y

foldShorbalieMpedpetldly! ax 0D UABTRRC %ﬂ@%‘sﬁ%ﬁ_?asl@oﬁﬂa%)edt With

ene- al dehy was added. The obt ai ned Xt ure” was

the stihtredd a{cyi@ldnés omdnni @htkrol. TheFighifter 1 @nghobyst hBathexhanees
were thereafter distilled, the reaction m xture was

supplsoesded ovi80 1 @ndahdnBD nigotisamyde easolted énil. ¥ Bndi2086t &vld
incre\/\%ge% %dsgg&i\}etfﬁr 1er§ OCDEEE/L%-Q%QIHSC dl,e%%/i%r/, 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 untreated (cytokines only) control. Hence,
nicotinamide was found to be a very effective agent for promoting ex vivo
expansion of stem and progenitor cells.

In an additional experiment, cultures were treated with 5 and 10 mM
nicotinamide. 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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was separated, washed with 25 nl water and brine and
dried over sodium sulfate. The organic solvent was

weraporsated under reduced pressure and the reBCTHURLOWA®0215
dried under high vacuum and was purified on silica gel
colum (60 10 grans) with ®5m xture of hexane- Et OAc
(98:2) as an eluent, to obtpille®0 ng of the product
(1 alpha 3 Beta '%F ZE 20R 1'E)-1.3-bis- (tert-

but {lréatmeiy| si | Yl 0Xydf CDIL/TBEEWE, 1’ NeRFODINOLIT of
Osecopregna 5, 7, 10, H%fa%lam:e Sy'“hes'sto%léé,u;s

I_)'J. T U1 J"LCIL

et TE—2
COI%E I dimetl tyl si i yI oxy) - 21059L2 tnzef | hyl - 2-1 a9@|20

NiBR CPID "1 A pha, Gbta SE. '?'E,%zéR,‘zf-H

Nidotanlids (E@M ert -but yl d{;ggyhyl ST Tyl oxy)- 1§587 "

20- (2- et hHept enyl at €) - 9, 10- se¢opr egna-

(19)-triene (60 ng) was dissolved in 3 M THE and tne
solution was cooled to -78 C under a stream of 20

argon. LiN(iPr)2 was guUgadiPp.E e reaction m xture, so
as to obtain the lithium derivative, which was

Impeosing pr @l@&mt@m wﬂﬂeswuy@g]ﬂy‘j‘éremcinwwofastem Yﬂlaqyrogemtor
Tri ph%zsyébg vgg t hen added and the reaction
mi xt GF 'ilg theacallsywegly chelatars of transétioned w etalsy
reaction m xture was then evaporated under vacuum A
solution, of KOH in nethanol was added to the residue

and the reaction xﬁﬂ’%‘ent@lﬁoce@% Fvas heated to 60 C

for 2.5 hours and was thereafter ted with 0.5 ni

IN HCl, and evaporated under vacuum The residue was

di Séf% ved in chloroform and the product was purified
Sl géeleétl@e ‘e Pepiphgrap bloodu'biufily @atti eallsrdernfed from a

wh g 8xane etrh ?ﬁgﬁ g(a ﬁ %I nes) as the eluent., to

S: Blof ey H§ salie obingd fellovemeolopkapheresis, or
cord b RSt TS el e DBty (Fehsitdol 07 cpinly amd
centiBfugeltt 10000 g fof 28 ﬂ’ﬁln 'ﬁ??% ﬁ%ﬁp%hﬁ%' e 1hPerh]f] e Jayer

presence of pyridine (12 reaction

of wamosuelear atHs wadecolNatet mvasttdt heeealihey Mﬂ?@a/Mgg free
vacuum The residue was dissolved with THE and

phasphrigdnHitqred salimgyonamiagdet binanetserurd alhenired®$Apn The
cellénn\gte%&lc\{l\g teg tf’lo{ rﬁS((e)dm?rE arto4o mCt v it e]flr),%}ulljer ?ngr?orclc?narll %l;lruSCDggl,
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: For the expansion of progenitor cells, CD34™
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 medium (Progenitor-34 medium, Life Technologies, Grand Island,

NY). The media were supplemented with a mixture of growth factors and

transition metal chelators. The cultures were incubated at 37 °C in an
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t hereafter evaporated under vacuum The residue was
treated with catalytic anobunts of HCl in nethanol at

wG004C7990T 5 hours. The reaction m xture was eREpPUr28040215

under vacuum and the residue was purified on silica
gel TLC plate (20 x 20) u%$4ng a m xture of 95:5 1 o

aﬁn@%k%@fdfrﬁ“/ﬁ@@?'i‘ﬂ'aha@iﬁlgk%h%' m&fHdityt OHAH & theamBdiuP was

of " t he desired product ,
chafigsbweekiyl weish &redh tacidirh Yontdinien-aZibtheisapglehidnts.

1, 3, 23, 25-tetrahydroxy- ganmma-| actone or (23S,

25 lowagppatentiabevaldatioryssi Therichbiag poatihbef calls, devakoped
. fraction 1 (Rf = 0.4); FAB-MS: Cale. 426.60, Found .
in thediped cuBurxmrPrEsagCERtEditerynt incoRINAM PR eV

| ON COF ENVMATOPO ETI C.ST P | TOR CELLS
TheceHs i Wt d’éasgﬁgﬁflgﬁgﬁ‘g%f iBn fméf)l(_%ﬁ in metlﬁylcellulose

o 088 o S A PO il S 5
G-GHRVEM-CYFeghd Baim)d eﬁdﬂﬁﬁviﬁ%dﬁﬁifeél@s fiRlibaiéoH, (tHE @altRles were

concentrations of "1, 5 or I0 mMMfor up to three weeks
scomd withearpatvieotdd miickosetper (uleges wees classifiedi a3thlast, mixed,
mononucl ear cell fraction collection and
eryipueids | eayelowl, pudi f inegakaspoeyticCD3eonskng s té r dheizs cellular
nmononucl ear cell fractions, ex-vivo expansion of
COMRASHIYtogeni tor cel | popul ati ons, nor phol ogi cal

SRR b S5 . R e AL Bt

r 11943 d p ti cal -atid opns we .
a0 acts, BECRHIR (RGecSeBihifl M &'l slide
(cyweehtridig®f SHandoR! Rubc@ROVEK), Ik MO0 9B ¥lay-Grunwald

PCT/ 1 L2004/ 000215 144 Experl mental Results Effects of

GiemsaotQthamligias wehe steiedi by eax ins fanntohce tudan lemoglobin.
progeni tor. hemat opoi etic cells: Hematopoietic CD34+
celinmypeflpaseseeiee siginingt ed\t diffarentpinderealse cells fromg the

. nmhi,pat i f 5 Ki SCE, TPO, .FLt3, IL-6 and
lig? IES RSP R EIRLECT 417146 POHERon AR PG Topvested,
wasHeBOhh8 AR HBateiObh WeN Uil S MEBERd AGHPRD A monoclonal
antibody and either PE-labeled anti CD34 (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 cytometry: Cells were analyzed and sorted using FACStarPlus
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 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)
tfluorescence - using a 57526 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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peri od, the CD34+ cells were re-selected fromculture

by affinity re-purification nethod and were
wepwiersated. The results, presented in Figure RAT/II200M00215

that cultures supplenmented with 1 and 5 niV

ni cotinam de yiel ded 99 x 34 and 180 10 x 104 CD34+
celtseWeie qoadyzdd, respectively, as conpared with only 35 x

104 CD34+ cells per mM in the non-treated (cytokines

only) control. In addition, the re- selected CD34+

cell fraction was FACS anal yzed for stem progenitor

cel | rmarkers. The F&BerineniglRessdised in Figures 15-17

and 18a-b, show substantial increases in the

proportion of CD34+/ CD38-, CD34+/Lin- and CD34+/ (HLA

15 - [ | ' i ham.de,.

Fr ot o LIRSy Plop e TohdRRhE hylich Ml MR Fon
andiHybiti G Htiondiatidn Jfafumdtesbibiic broze d

i ncrease, respectively, ?%b CD3%+/gCD3ﬂg-r%%giz’l%bgléns?iey?/were
culaged ovifluthedfoiotting sheplamentsat ed (cyt oki nes onl y)

control, Figure 16 shows that cultures supplenented

wi t hransgien omghal nrkelgionansush @esul testhethylp@ntsmared (TEPA),

QR (GRS PoniInEammarS i dther Fediataet gdons such as Zinc
Whi%ﬂyih%?fé}@%viggFr%%siﬁ%ﬂgﬁ&\%x\} pEta@fi§l 7 shove that

cultures su enent e hi coti nam de resulted

i n Bl atahg ENBKRRASE. IsRnClRMH il S, JFLEE!
) densi.tg-, asgco}ﬁpar ed with the untrea(te ’(c}t%filigégd (L),
intaridukin-6qihk £@)| thrblembopoietini (TR0 )raid ideervedid-gyd-3no be a

very effective agent for pronoting ex vivo 25

ex ph#isTashings cpkeandeipnelgenict erloge stimulatingfactor (G-CSF),

ad itﬂ??nal _experiment, cultures were treated with 5

gragijipe WF}PIQP;{I@SE nSRAY. FHEBIEAENGe| SFioh esEHYSCBRE  and
rj,g}} i Its, which further denonstrate the
© po&géi?ﬁﬂ (g??@f:t of nicotinam de on ex-vivo expansi on

of FEPM cpReisean| prodiBeedht Bhd Bbhehili !

PCT/ | Lzoqg‘/é 50oh DI RRI B SOph il of QUL B+
cul@mes+//QBigonaff TEBA 1008BsA ticellsfeultipddalvitheloisdéses A early-

cells control 1.69 0.02 N cotinamde (5 mV 9.69
actypgiqytokines resulted in a significant increase in total cell number, in the
number of CD347 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 to 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 21a-b). The results indicated that
TEPA significantly increased the clonability and the percentage of CD34™ 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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Ni coti nam de (10 mV) 34.67 16.58 EXAMPLE 6 | nposi ng
proliferation yet restricting differentiation of stem
wa@pa4fprssgeni tor 5 cells by treating the cel | sP@i/12004/000215

chelators of transitional nmetals Experinental

Procedures CD34 cells sel étion: Peripheral bl ood
suppletehyed edth’ bodl learigtesnd datef cyaokiaes, 18ERA0 lcaudddoadmarginal

unit, peripheral blood cells obtained foll ow ng
1nh1bmdm(dhgm168|2§a-l:@r cord bl ood ceI l's vvere | ayered on

Fi col | -g{ypa que (density 1.077 an centrl f uged

at Gordo OngiQ‘fb’redZ@Dﬂﬁln C%\% W%I@np él?altqw Cuffye in the

presiasR el [ 55‘ ST S B 9" o SR

R TR ?ﬁ)"@?eéé BBl oo
m@%%ﬁﬁ% Qﬂé él%thl g%?%unﬂi& kxbé%é £e9n§n&i 1%131 ﬁiﬁbﬁéﬁt to

there er |solate using the
1x10§ﬁﬁﬁ§ﬁtiﬂ1§ ¢Ms! wery bssaved @ dBer @iaad! £ anﬁlbﬁ? Horming cells
CGermany) — according to the manufacturer's protocol.
(CFU)l iyuclenprninedtutiesolidroedivoe  €Xphergiansionfreprasgets ithoratio of
cells, CD34+ 20 enriched fractions or unseparated

CFhavesné P&y Gelo GF Wepresesi eyl about 1- 3x 104
cells/m in either alph essential nedi um
containing 10 % presel m@%t al calf serum (FCS)
(both fromgg BGO W umfree
medi um ( Pr g;ﬁenl tgf @ﬁp%&l €Pg\9’lrect$r¥oﬁ%zgl es, G and

Island, NY). The nedia were supplenented with a
rrixtU'e of growmh factors and 25 transition netal

TERAel ajif¥s. Th€elsilur e$ ChigygecdllspUblmhess at 3[fCEUI n an
WO 2004/ 078917 Eﬁrl I L2004/ 00021p 146 nosphere of 5
% C02|in air | @) extral®whn dit yPerARL0df t HRPBSIOOM
was ¢hanged|weekly with fresh pediuym co al |
the stppl enents. d oni ng pot ent | G %U’ﬁ‘ffi]%?o gpdgT

O

—_crom g poteptial of cglis deve ed1n tnbobl qui d

L mediwy Lh-reconbl napt —growthifactors

culture was assayed, at di ffere interval s
" sem—soHad—reghum—>5 r ceH-syere—washedagd-—seeded-
in 35/m di shés in msth?r éellulp cont ai ni pg°al pha

- (SCF, |*G CSF|SGW CSF and EPO). Fb#3 owing 2 y\%éks
incubation, the cultures were

+ + 11 20 850 17

TEPA effects on proliferation and clonability of long-term CD34t
cultures: Long-term cultures were maintained for 3-5 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
clonability 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 cytokines, whereas cultures treated with TEPA



10

15

20

scored wth an inverted m croscope. Col onies were
classified as blast, mxed, erythroid, nyeloid, and

wore@akzgoyocyti c, according to their cellular BROI/IL2004/000215
conposi tion. Morphol ogi cal assessnent: |In order to
characterize the resulting4cul ture popul ations,

in edinbimtimnotvithetytokines endepdsed ¢dglortlenabilags vlicHevas even

. (cytocentrifuge, Shandon, Runcorn, UK), fixed and

higheraihas dhatrofidhprigermwalivresd ensa. Other al i quots were
staj ned by benzidine for intracellul ar henogl obin. 15

| e aidst ok cEEEd an hgi mgturstion of bevtopaietie calls;, The

cel | mthe 1ljquj.d cultures were sayed for CD34
&R TP R B metfitlitn B et S teli s RO A8 fepted on several
'ngubat ed on ice with FITC | abel ed anti CD45

mOlrimnbcl onal antibody and ei.ther PE-|abel ed anti CD34.

(HPARRY FPIREloMRIniARE] : | &bl &9 st 1i
nouse | g. ‘After incubat ilggmg{j é\gFFs@av\gr%gl y egB%a%hke
cellsy diallpwid gdcdathemnwitivseleral beernivaly (di ffereaeihtion WRliRers) the
washed and anal yzed by flow cytoneter. Flow
cellsyinsiesgq grytimeid differentiatien gueé dceunulstr hadoglebily MEL cells
ar pl us ter (Bectagn-D c¢kinson,

FA flow cyto n- UG
Ve in Gy %%tﬂrveglﬁ%tg e ifigreatiption/ipdiceciexamsihdene
. f 0 ] ] h
iSRRI o 4 s 008 G RLEERORE, Y0
culthS, Bt AnliRE O LAAAhE %%H%g%ié%@oﬁﬁ%&ﬂtg&ﬁng

source for excitation. Geen
cellfs| wereedeenaimednRabie FIUr THe Wehillg Mdd3RRD thdt BRANPEPASSnd

filter and red (PE-derived) fluorescence - using a
capipglgnhibitsdrible INBéy-indniced Miffsrentistisebf MEL keells.

app. riate yoltage Logarithnic anplification was
app@’?ﬁgﬂmf §rriteeid cdhsnitgran Jromalohwser mewthasid ¢sllseniere

LIL£ 1 ' - for forward |.ight scatter, At |east
0B b 5Bk T8 s B ey 2bid TS TrosductercsSiony o
des@iiBéd ZEELfelenBEd 675D tthaSc,! fr f

devel op c(all ture ?gnd?%] it@ﬁzﬂé [ Caﬁe,séﬁx\%ege{leb?{)&d hfononuclear
cellprvodre fiesudtataahin e résehcdof edlil{ o6t fadtdr®foro$-7 days. In the
hei nat opoi etic progenitor cells, CD34+ cells weré
seceiyl t phase. withgset Hactbod | v greplqqeidentgnt the Taratisoid ospecific
PFt al. cgefl ators.such as - tetraethyl pentam ne (TEPA),
proliferation/ditferentiation 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 results 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

erythroleukemic cells
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captopril (CAP) penicilamne (PEN) or other chel ators
or ions such as Zinc 1 o which interfere with

wo ec@asigoion netal metabolism Early-acting cytpP&i/nee04/000215
stemcell factor (SCF), FLT3 ligand (FL),
interleukin-6 (IL-6), thrbfbopoietin (TPO and
interleukin-3 (I1L-3); Late-acting cytokines -
granulocyte colony stipmilating factor (G CSE)
gr anul ocyt e/ macr ophage| Cellomi (8104'0.” Blen@dirmcfmtwe
(GMCSF) and 15 erythfopoietin (EPOl. TEPA effects on
proliferation and clonhbility of shol€ellef¥)cp3a+

ct-es—Addi-t--er—eF—FERA—+te—CB34+ +-s—eti-t+ed

ool
Yol T 9 \JMI ‘.ul \waw |

Caittdd | ow doses of early3lacti ng cytok<ﬁes resulted in

Hﬁm:g;?i?“zagﬁizr?ii Masur od by 1|30 eyt omotiy
T b TBBA S ooy | 25 onanr| vy (aart s BT podres.
R B L8 L LS e on ™ e dBe T et o "R qur e
| HA COIRA S0 0] S8 S e T o Tsol i @

U r nce|3@f TEPA were [gh nyel oi d,
H@%h%?@m@?@ﬁ xed phenotype. 25 Thg effects' of TEPA

HNES & - by F{gﬁ)rrﬂar@ s@esed iB4cul tures supgghemented with
el ther doses of early cytokines [(Table 6) or with

Muﬁn@oﬁgtﬂﬁﬂélﬂ&lﬁb cefs | yMEBINd hete- adtired &yt bwidesnedium
sup ].%h&lﬁ;[ athQ)dlff-gHé?lt 269 |fn§1ub&d' Ox%txﬁﬂlei ne-BERtamide
| ncr ona % H;\ L
G e e ereaﬁncoews’g el B Ay cppropri
On td@v:ﬁ i) Cﬂhmbqrtarwa&emﬁg 3 SQUEYIINE epﬁldetﬂ Pa$18¥e)
cell8@veseidpteememtded Wit h early cytokines (Table 6; Figure
20), whereas in cultures WD 2004/ 078917
PCT/ 1 L2004/ 000215 148 supplenmented with both early
andCDaye jitioledneslinidEPA Toangs ¢ekna lnquridi eidtures nmtlatetdl ovth
(Figures 21 a-b).. Cord hlood- deri(ved 4 cell Sﬁ\%gﬁﬂle

CDMJatC@HS |‘ﬁelle| laau@aleu\rvttb rBITRFenE HoC n%olelfles F
culffs st niipugia) FyPpismemi it ’?’9(7{’]4 B DRiBite.tegh the
s, ST SR, Sy GERbyCol o -
Gr%ﬂga&%%%ﬂﬁg (I]fllgrair‘ﬁsﬂigﬂl zg-g? : 21‘ Ne i esiasseaekd thad aydtuBesamdich
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 CD347 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™ cells via depletion of transition metals, such as Copper, two

approaches were taken.

The first was to assess the effect of different transition metal chelators:
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(CFU) by cloning in sem-solid nedium CFU expansion
represents the ratio of CFU present on day 7 to CFU

w@e@gormoion day 0. 10 TABLE 6 The short-terfn pET/EQ0040f00215
TEPA on CD34 cells TEPA 11-3 Cells/m CD34 cells
Col onies CFU (x104) (% (Per 1x103 expansion

tetrh-feklyil BEA RGN I&E! A) Aabopril (CAPY ok6péhidilarii ExH.5 Th
er14035§% + gﬁg(ggg gisaﬁfqgrfi 20¥858p1% %E%f g?fe%ts ©

results grnbdnsteted iten afintesd amapouridsyshafe herngnteesfiiedBDdd € Tihy ™
cultures: Long-termcultures were maintained for 3-5
cellgae @S My (Migmice 25Yemi - depopul ation (one hal f of the

L ER RTINS TR 1 A
Colfre FLOREbY Ut Dok A STy V558 AL P e
(3! Y5 VAN SHpFRIRERE iSSoRE Spbl. 5% o tha

seloditngl didiee (Wpake 127), aullédst n thBhertVes nfedii@l Rrm cultures
decrease in clonability in cultures supplenented only

emmioyéd bgtenki nes, whereas cultures treated with TEPA WO
2004/ 078917 PCT/1L2004/ 000215, 149 in conbination wth
cyteRENIGhIsHERIR E0 HitgHere WHABTansition wstad metakolisub e.g.,

.higher th that of short-term.cultures. The effe .

witth R, ALty S p SRS e ity & GRE This

eff&h &L 9bn -H':rgé gpoﬁ&ﬁc@@tiﬂrﬁ'é' 191%sgl1icieh8f %g)ttﬁpﬁhgtdn% TEPA
cells was tested on several 5 nodels: use

(Figmytignol eukem c cells (MEL): MEL cells are
erythroblast like cells. Following treatnent with
seMerthe atveri ealnsplesif fsedemonstated tharduce ews)letbeating CD34
cell s undergo erythroid differentiation and accunul ate

cellh efiBreni ngﬂn@ar petEng weytekingst wndd the tedygpmisserigent -

tet1'gef:th§ff1e%e€ér{tg1%ri§ent(Jl“%E’.A(B,n for' %}%gr?llroler,] G ?gei)torslgilb‘fen o 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 cells 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.

CD347 cells derived from human neonatal cord blood were purified by
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10 bi sacetam de (HVBA) and the chel ators TEPA or
Captopril. At day 3 of the culture, the total nunber

w@booger49%¢7 and t he percentage of henogl obi n- conPEi/Imi20¢H/000215
cells were deternmined (Table 7). The results indicated
that both TEPA and captoprsel inhibited the

. _ ] 5 i i ati . . cal 1.

i OB p b P ER Rt kel bl ibplgryepted

withe Egrokibles GHNR vAEE Wr iy ohO trhAEHEWOmBRR el Gi At weekly
culture procedure, essentially as described in

intewhiy, elne esltérés erel dentirdefoputted basemaveng DREY 68 thel @oire
nononucl ear cells were incubated in the presence of

corignt (sugematant faadt calls) fand Bplacigy 8. with frésh mdnxﬁmdcyéolqnes

ase, these factors.were replaced by the erythroi
an@ Elé% chelatorgr ¢ ﬁl@rla@w@mddvvﬁﬁ ah?t ?ealhﬁ%cw@n%pf the Culturfes
ropoi;etin., 20 The gul tures re.supplemented with.
weFRLARR Chir rorfh, B 1Y el iR B ameC dimtric
-a I - .

D PSS 4a P (1, BERER0IRAR cRlomt R U 1P Slonoggpic cells

(by ededihg thei gellse iR ytokipeadpplchtintdd sehf-sBLESRRARIAS. The
TEPA there was a sharp decrease in henogl obi n-

cultwnies ai e rigitedd svithwitk 164 chids,t51-80 Wurbwhicf wesd CD34™ and

decreased only slightly. 25 These results suggest that
25-15@13‘% Plnwhisihs werer (}ngoi ﬁh@rersnlats oreseatedon, Figutes 2fbtesdhotere

e B Sk bl e

: ilyon growh and differentiation of 30
dﬂgﬁ@{l ﬁa[r%%ﬁnjg ikemi c cells WD 2004/078917 PCT/1L2004/ 000215

LSO rionySoec TTE e i B S5 s
CulERA ihQideB5it6CTHMBlells TERAuidnblithh d8ppleiMBAed with early-
act?r?gpct:yq[glr{iinles %i(l)’l tll\l/le ?éff)sezn%e onl\é?rﬁgal %ﬁ;)oforullll be?ngill\{lta:i)’r?edl‘sy TEPA
for a long time (>6 weeks). In such cultures, TEPA supported, in combination
with the cytokines, maintenance and expansion of clonogenic cells (CFUc):
The cultures were started with 2.5x103 CFUc. 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 CFUc 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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Miurine erythrol eukeria cells (MEL), were cultured in
['iquid nmedium supplenented with the differentiation

w0 pawoes917 hexanet hyl ene- bi sacet am de ( HVBA, BCT)2004/000215

with or without different concentrati ons of TEPA or
captopril s On day 3, toigl cell nunber and

ot SR At SRt R ISR B8 bR oS B e é‘fﬁfﬁﬁ\
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(Figewd 135)eS TIRY QMR bBaauR )incﬁb!@tlé' £ Mol drdirithindfAnaztithal
order 'to test the status of cell differentiation,

expansios i EP Ashpaldaic mnpleteéy sdépdaceel] avlichdt, Mayeekby ummds.
G ensa (Figures 24a-d The results showed t hat
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o SO OGERAELE ryU cPl Budbulf)  rer

affeéﬁsrcﬁmkéﬁtﬁﬂea %ﬁ) gb?ﬁto? 34 ArANGED R o@aif%éfrehﬂa

di fferent h results in prol onge

pr ﬁlgﬁxerzas ishowa ntle aeffaprdfathcan t@n p@@ﬁbﬂodﬁo@g%ﬂht 8rsingle
cells in long-termex-vivo cultures. TEPA s nechani sm

cytakfin@onilongyern €Il deroduwtivet efThe mesuktseindanater Ba L PO-CFC
affects CD34+ cells via depletion of transition
are pparg|pyesesviechimd F@&gél@atedt aturep prhsacrepleaenied szJé Hhe first

24 %&%aév‘«%ﬁ%rﬁlﬂ@{s B 380eS TahoBSGtuF terBplentent Of cytokines,
T
e Bl PO AOBR Smitbohhitn SV BT Rolc Ry
dermgsics avac thak Bt leffdese _Ffbgﬁ?ﬂl%@%fheﬁ%ﬁf age!h@s ANED34
EPA (Fi

effects on CD34+ cells as igure 2

cells edlomds.ap Pobactineashd atirsy ppketsesistAibRA- dalle @t@ldferanon and
cultures with 5 Copper. The results indicated that

exppEeal QEUC\ﬁﬂltrir@lqngrt@Hnmm@d AynapgpibercongFupgs dested, the
oo 2B s SHERA SRS ERACR M 18, O RSL, LS, couch g2,
e Y OGRS RgUm T U (s erployed here .

netr@by Bt AR sBA BreJeffect of trausition metal chelating agents on
CD34 cell cultures. Penicilamine (PEN) and captopril (CAP), which are known
transition metal chelators, sustained cell proliferation and expansion of
clonogenic cells during long-term cultures.

Figure 41a-b show the effect of Zinc on CD34 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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10 with Copper netabolism expand the clonability of
the cultures by itself. This effect was even nore

w@e@aomsIced in the presence of both Zinc and TEP¥IL2004/000215
(Figure 28). In the above exanples it is denonstrated
that by suppl ementing CD34s54 cell cultures wth

- i c rnes: am ne _agent .~ 15 .
tong B R Ebiein Y EE e i P IR S B it i ane
diffeRs#ialibg cFRcIBH M gbMRGt deflsm cul tures (LTC) wit hout

the support of stroma. Three phenonena were evident

i n Adwesdingutd whestier (¢nbodinidnnues tleelgredn®! ihl &tdd More is

(ii) expansion of clonogenic cells (CFUc); and (iil)
provisieditae matbed of predergatim ofstem wolls,f Suhess, ibatt et limited to,

tus., 20 I n contrast, control, TEPA-untreated
Corg hﬁ@@f? deriyed st 1sllsr penipharal blopddderdvedysisar aelds @rdibone

mafQFdfleifie CHipaThs kL e EH el HohHbaI he stem cell

- ' cul t b .\
whife R Hatu ST} Rltel ARk SR e Bt ransitiony el
cheth&l atd ODEPA. transition netals, Copper in particular.

25 The follow ng exanple further substantiate the

r edudrdsbldeddetived celieners abldswed baashasd ¢aidepRtated) for 24
culture conditions for long-termcultures, teaches

hougg it i Snaithehis thei prgseage or sbsérate off FlepM REREE. 00Disat @lls
cegl differentiation and sheds nore |light on the

WeTRdafa seRHRGH useng githgr Y LMEAARAPBS bufiec loe TRRA fraenPBS

b f%:hei [ ta{.gglt cke)[l | s. g\g CD34+ cells derived from human
o AEPEFIESYd BINGBd Skt &V ir B1QVEY 1ByloperiannAgwizees T the
pre% %hﬁg%ﬂ\ﬁqﬁ?g 5 152 i mmunomagnetic nmet hod and t hen

urture id medi um suppl emrented w th cytokines

dreared ' 1T ppl ement ed i th oyt okin
ety Shisy ARGl ol RS LA B ol L S, Re Chpor

werbhanéledvinnbe padskned of MEPAUEIpHRIedTBPE %ekgfﬁ%&reﬁycﬁﬂﬁres

_.and cells) and replacing it wth fresh nme
initigiadolkdmesslls stordd thithonh @ER ostoppdd ekpendinghfiat S corekAly.
the cell li| ar content of the cultures were quantified
£ o:it tSotsll kneminsthapyt takesmusually at least several hours between cell
nmet hod), for CD34+ cells

0011%3?/&?%%%%&%%%% %%%qrsi?fa%&?or cl onogenic cells
gg%ﬂ&é&gﬁsgﬁ%xgtﬁa%g l_tﬁa?ha'ecliﬁit%’r} ) ?reahgiﬁ%gllgeq[gp(t:ﬁee‘fator, 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 short-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 18 specifically demonstrated in the above examples, a novel system
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cultures were initiated wth 1x104 cells, 50-80 % of
whi ch were CD34+ and io0 25-50 % of which were CFUc.
wabh@4neut ts presented in Figures 29 to 42 werBCT/IL2004/000215
cal cul ated per 1x104 initiating cells (the nunbers
were nmultiplied by the dijbution factors). Figure 29

. I
eSS SRR 008 LSIRGROL S S
i S4B ST g 99 R AR 4 s

thef ase af| emly-sdtirg (CyfolirekSduch! s steh eell tfaers, (SEIPA FLT3,
. supported, in combination wth the cytokines,
intereukine b hlc®) atirombeanistion( 10 & wsthoge miithone ihtsrl ¢€ENeD), :and
The cultures were started wth 2.5x 103 CFUc. Upon
trafsgion Aetal smekatingr agsnitedHgures PORIC) r €A early wytakiees support

oSN o sl Rl o
rgRph s SO PRNoRL, BT cor

(Figmmm.amh@@h@fat@@ﬁhhﬁbﬁydiﬁ@wmﬁmionHﬁ&%ugﬁr&ihera%h%f t%tnsition
the early-acting cytokines TPO, SCF, FLT, IL-6 an
metREPAoppes irf paridutar. Heomplketopteditah changd saweeklyfiatervdls, as
mai nt enance and |l ong term 25 expansion of cells with
congpaspe de Mreiad chengs.amprevedi £d GGEFShowintehanast keggestihg that

and. GW CSF .on CEUc frequency of control and
the%ﬁ?&éﬂ%ﬁ@é% @B@ﬂeéw-ﬁu?’g@?géaweér@mplﬁ@ 8 not be
I | the late-acting cytokines G CSF and
Sta%(%?&v%%ﬁﬁs_ti mul ate cell differentiation,
r e r . . . - . .
i PSS e AL Bl 000 RSy aon o
carllEhAgeMid 2 QB ANRY 89).7 FOCELhBRO4IRAOPED A d&Btibh seRlayed

34-35 show the effect of partial or conplete nedium +
untifeiy 6chlatige coluteoity-affactn welré rpdudeds es abimpardditg wubtures

d, Ck duct i ' . Th I
SurB BTl i BRed RO B Al i g e mal
e APy era a8 e EPATanadded e day 1, it
waa?faﬁ%taégoug gbaygd ﬂfédgleﬂn {CS{?}ﬁg{m&EPﬁygﬁm e on g?y (Z,DGIhuS’

requency. It Is evidet ear Xposur
TERAHIaté¢d cRERASWaSidr Wekdkupplemeh@/o fdre&_ﬁll_%Eg%y NLRAAMHES one

and expansi on of CFUc, suggesting that

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,
inhibition of differentiation requires depletion thereof prior to exposure to the
full coniplement‘ 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

support continuous cell proliferation and long-term generation of CFUc and to



affects differentiation of progenitors at various
stages of differentiation. Figure 38 shows the effect
w@Rooglzs9t7 t er m prei ncubation with a single 10PCHIIRRIHMB215
on long-term CFUc production. The results indicate
that LTG-CFC are nore pregerved in TEPA-treated
cul tures. when .supp| enented for fhe first 24 hour
deigy il SERPIRGRRHYT DATREE GEe A1 FtnP BRI RRsT UedBh hhé ot
. of ' i .
tinfld B KSR PR oS LATEIRAREER 0% 15 of BhERqrs sueh 2
- t Beni land GAP N Fiaaest 50£08).
bt B A P B et aants o)
7Zin8 Ushidhnatkrixed kit elahfigoatmetalsa(Coppex fandedcutit)cmdtabbhigm
long termcultures. Anong the conpounds tested, the
alsé suprpoctedi il QAT E@ K igeses 4BPY).and PEHA, were found to be
nore effective than the short-chain pol yan nes.
Fi gures 40a-b show the effect of transition netal
chel ating agents on 20 CD34 cell cultures.
Peni cil am ne (PEN) and captopril (CAP), which are
known transition netal chelators, sustained cel
proliferation and expansion of clonogenic cells
during long-termcul tures. Figure 4la-b show the
effect of Zinc on CD34 cell cultures. Zinc, which 1is
known to interfere with transition netal netabolism
Copper in particular, 25 mmcked the effect of the
chel ating agents in long termcultures, but to a
smal l er extent than the chelators thensel ves. Thus,
ex-vi vo expansi on of hematopoietic progenitor cells is
limted by the progression of these cells into
non-dividing differentiated cells. This
differentiation process can be del ayed by cultivating
the progenitor cells on 30 stroma cell |ayer. Since
the stroma supports continuous cell proliferation and
WO 2004/ 078917 PCT/1L2004/ 000215 154 |ong-term
generation of CFUc, it is believed that the stroma
inflict an anti differentiation effect on the
progenitor cells. According to another enbodi ment of
the present invention there is provided a nethod of
preservation of stemcells, such as, but not |imted
to, 5 cord blood derived stemcells, peripheral bl ood
derived stemcells and bone marrow derived stemcells.
The nmethod is effected by handling the stem cel
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whi | e being harvested, isolated and/or stored, in a
presence of a transition netal chelator, e.g., TEPA

wa@oood/o89ond- deri ved cells were col |l ected and spor/@Ect004/000215

(unseparated) for 24 1o hours, at 4 C, either in the
presence or absence of 101 TEPA. CD34+ cells were
then separated using gixAeFPIY TEPA- PBS buffer or
TEPA free PBS buffer, res&c@iﬂ\/ﬂely. Then, cells were
The effaci oy Copyert Giclaing pepthtesion progiferanRnensEciohabficin
TEPA. The results indicated thag C{Jrltures whi ch vvergz/k
initiated with cel | €Rhacell ¢dltmease handl ed in the
presence of TEPA expanded for 8 weeks, whereas
cultures initiated fromcells stored w thout TEPA

st opped expandi ng.after 5 ks only. It is well known
that it takes usu€¥ﬂ%f”§€”€“2§’2?c?§vs¥a| hours bet ween
cell collection and either freezing or

transplantati on. These results indicate that addition

of @D3y evls saletioiet Rérithehlalond “bBufh cast” «¢ls Heffed FOm a
the collection bags and the separation and washi ng

whaleftfeed untic rreaipheral fdogd eblds obtasneshfalkiwiag dedkdphpresise or
tcﬂei r., potenti al f%ﬁr long-termgrowh, thus facilitate
blogty eCellforyeree faver etk e0nbicoHeyBagie ddamsispob7 At Boml) and

at.ion of either "fre

R PR e Gl
layéi%fﬁﬁom?rﬁlcir%'ﬂ%eﬂg Webd EBll&ggecgr\géﬂl%dttﬂre%ﬁgmég% frﬁggﬁar/w free

I nvention there are provi em ce

h andfesepaalatd st Bevinef d
P o\%&?ﬁe S id edhtaRehp\ash] BeviRefdeals ﬁﬁ@l@%ﬁ (BSA§9The

an effective amobunt or concentratio

cells mams itdubatedtefoaB0ahialitdsalt 4 Whindth inkingihSnoclonal anti CD34
differentiatipn. As is specifically denonstrated in

antibpdy al9ovearg/xa soclanaloells)s yatl etheVa 20 0kbBI&D Iking the

. P /d: 2004/ 000215 155 which sustains continuous cell
mmﬂ%- er@pPRERUS N MilgeyitHipiacge Bergistlon @ladortlly  Germany)

e LR PemwbiineE S thbtibe of eariy-acting o

TS B8 Rl PRy 03
RO Bk b g O RO S B s
medwppopttaiting surii padschictdpriofal f@iatseain of FA$e (both from
GIBD({(gag(%rr]ailr}doIrsf’anvc\li N{”)r eiq}lljé: ?ndedﬂnil n;;susip;?errnented witﬁ 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 weekly 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 alpha medium supplemented with 30 % FCS and
further with recombinant growth factors (stem cell factor (SCF), G-CSF, GM-
CSF and erythropoietin (EPO)). Following 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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differentiation conpared to | ate-acting cytokines,
such as G CSF and GMW CSF (Figure 33). The chelators
w0 ndvislorg91di f ferenti ati on through chel ati on of PCT/IL2004/000215
transition netals, Copper in particular. Conplete
medi um change at weekly inigrvals, as 1o conpared to
change, inproved LTC CFC nai nt enance,
Corggg%{é@'i ng that the TEPA-transition netal conpl ex,
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36) . ngr exanpl e,El when TEPA addit i% \%gg@d@?ayg/egﬁs%éﬁde
(cyteventrifigy, Shariddnh®umebtnréKit fixed badtsained ¢n NGMCREnAE]d
.conpared to cultures supplenented with TEPA from day
Gigmgari gure 37). Wiile optimal results were obtai ned
whep TEPA was added on day.1, jt was advantageous to
add" FH& HO"%%F%ﬁ’éﬁwmé’ffoéﬁléM fudgen &®)lswverghngibated
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hypot hesi ze that since cell differentiation is driven
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cellk Wer€htaljbequres 41 a-b).

Experimental Results

The effect of Copper-chelating peptides on proliferation and
clonability 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/ml 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/ml each). At weekly intervals, the

cultures were demi-depopulated and supplemented with fresh medium,
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WO 2004/ 078917 PCT/1L2004/ 000215 157 EXAMPLE 7 The
ef fect of Copper-chelating peptides on proliferation
wa@pa4orsomabi ity in CD34 cell cultures 5 ExpepCTaEroal000215
Procedures CD34 cells selection: Peripheral blood
"buffy coat" cells derivedssroma whole blood unit,
ce e
ey PERES AR Mo PAREs” L1151 f AP R ap assayed for
CFBiccol | - Hypaque (density 1.077 g/m) and 1o centrifuged
at 1,000 x g for 20 mnutes at roomtenperature. The
i nt Asphase inl Bjerenb3abnahe cbadss @eidased it GOIH Qe aGHL
washed three tines with Ca/ My free phosphate buffered
deaseased ecl onmatienibygl 0L 99amd 26 Y6, mepentivalsh amdrG{(ESSAY. GVRESF
g{@lols vvegﬂ% i ncubated for 30 mnutes at 4 Cwith rmurine
by dBrecldgsifeshen tepglenogenic poiRntied ob thy adBirenwes npiehl more

prdighhid 230 o FIETH! Frat R B Plod Bt mhet ) ana
9% BIYSF +AGRRCYNg to the manufacturer’s protocol.

Cul'ture procedurés: For the expansion of progenitor
cells, CD34 enriched fractions were seeded at 1 x 104
cells/m in alpha mniml essential nedium containing
10 % presel ected fetalEXAMPE®&8m (FCS) (both from 20
G BCO, ,Gand |Island, NY). The nedi um was suppl enent ed
Wl e seions meelgd chelatonpssay ffor dereoninivg dhCaffperrof a specific
chel atorsf Th? cul tu es7 re inc#aﬁgbed at 37 Cin an
at nospher EETUEN JEAF GHREIYPE offjce ErAEHdi ty. Hal f
of the nediumwas changed weekly with fresh nmedi um
containing all the supplenents. The cloning potenti al

of the cultured cghpsrimRS@B¥eduls sem-solid 25
medi um The cells were washed and seeded in 35 mm

di shes in nethylcellul ose containing al pha nmedi um
suppl enented with 30 % FCS and further with .
r ecOHBP AR o/ gt dntindgions r MEls (mausetiytiralonbemiBce] Jine), 8

CSE, GV F d h et EP . 1 ow
! S Y BT oL
co%?é@{ét?ﬁ%oﬁ%%gezfﬂg?%@oIggf’o%f’ﬁygﬁrgﬁ,d?dlﬁﬁgé fiesd sibplemented
witiRgakRrseGYbA @mdlﬁ:%?Oheké}ﬁeﬂl%ehg%ﬁac@ﬁllﬂi%ﬂ m¥%. Number of

2004/ 078917 PCT/11L2004/ 0002

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 103 cells per
ml were incubated for 24 hours with different chelators at the concentrations
indicated in Table 8 below. Then, cultures 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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158 conposition. Mrphol ogi cal assessnent: In order
to characterize the resulting culture popul ations,

w@Pbadogoros7 of cells were deposited on a gl ass sPCTIE.2004/000215

(cytocentrifuge, Shandon, Runcorn, UK), fixed and
stained in May-Gunwal d 5¢6 ensa. | mmmunof | uorescence

« bR B L SCE) BERLER, v UL B P B e

13 PRIShe! ++pmem§"w Lhrghfeh *ﬁ%fa ?5@ gp?v i

Ce(HPCA- 2) r?onocl on aﬁ%éi:)ghégiy o;mP -EFE%E edO}c( méglahquot

corteinssg DMMU0QgLndwak NBer tghsfeAbl hitd & aadhat fréh Epbbfdorf tube
cells were 1o washed and anal yzed by fl ow cyporretry.

andrthecallstweretregoveed by certrdugatadry ae D00k gy FACSthpelletswas
flow ﬂ%;/t onet er (Becton-Di ckinson, | munof!| uor onet rﬁx
re-gyspended B QA M; Wirorawe nitois) acidde |gvene cenpeniedivnaef bx107

t 1, 000 [ 1s/ d th h 70. P l e,
cellgfiof "I} A0S a8 Sien BoSREShed | itha ALalbgheeh dhadh (pelygen,
: t 1 [ f
KideAma, SR Ya o hfods| e @ Fag release
intfRaBuIae dopisdrt@nfent 3 CEPO:mPIBaARL P IS Tetd %%f’bﬁ@;n %%fgﬂ‘ing to

(PE-derived) fluorescence - using a 575

a vidllaeosampher dfEsialyaed $eduplicdtb &y adparkiPEindrezriphité@ffnace
Logarithm c anplification was applied for neasurenents

atogfiC f ahserrisve spectzophotometsr ainpl whivelangthn of 3287 fomwarThe
light scatter. At |east 104 20 cells were anal yzed.

SAERIGE  VAken BRPLYRER (ASPEISTHORPRY ettandsrd cyplpaen aieparengom a
[ N i . ility i.n. CD3
colert o0 o Bk MR U fuRRY it B BB %0 isbiicorad

bl ood- derived CD34+ cells by plating purified cells
in liquid mediumin the presence of SCF, FLT3 and

IL-6 (50 ng/m eachlxminbigl BeppRs - bi ndi ng pepti des,
Ady- Ay-Hs (GEH) or @y-H s-Lys (GH) (10 M each),
or the late-acting cytokines G CSF and Gw CSF (10

ng/ each). At weekly intervals, the 30 cultures were
den @‘?}82%gﬁllaWeW%aflé%&leeﬁ%mfé@th@r esdls. midiibithon of

difyépelgtg)a%b/nogf%\%%i é%‘ﬁ@’ﬁélégg %ér%%grzajb?e relslslgcs. Figure 44 provides the

chemical structure of the various chelators employed in these experiments.

TABLE 8
Positive correlation between the ability of copper chelators to inhibit or

induce differentiation and copper content in chelator treated cells

Compound Differentiation growth Average Intracellular ppb Cu
inhibition (% of control)

Name Copper Inhibition Induction

| Affinity

(LogK
Cu)
Concentration tested 100 {1000 ") 100 1000 | 100 1000 20 uM 100 pM 500 uM
nM nM oM nM nM nM

Control 49+ -18
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(Tl‘:’t fzietrie pdstei el Wete| 20|det érmi hed [PShobt s A A
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Then, culturgs werle suppl enmrented W thijthe
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1 x 105 cell g per |mM wWere| incubated W th different
149?&&2‘5@0’(3 Nt nrhnr of cell s and petcentagel o
SdLhharenkhat 4d { phagodyt oging] cel s pere ﬁéte% Mol % [ o
30 Copper Detlerm nation: Cell$ were harvested by
centrifugatign at {1000 WD|2004/ 078917
PCT/ 1 L2004/ 000215 | 160 x ¢ for 5 m nutes.| The cell
WLk St —WAS—W ched t{g.ree timesi by fe-stspending the
heBHoge | N PBS |( (Ci+4 and Myt++ ffee) | and c'entmfugatii)@b o R
at 1000 x g. An alli quot
1-Oxa—4.7,10- + + - - 39.0 79 229 46 17.6 36
triazacyclododecane ppb % ppb % ppb %
1,4,8.12-tetraaza 244 + + - - + + 13.4 27 12.1 25 9.6 19
cyclopentadecane ppb % ppb % ppb %
1,4,7,10-Tetraaza 248 | - + Toxic 275  56% | 73.9 150 | Toxic
cyclododecane ppb ppb %
1,4,8,11-Tetraaza 272 + + - - + + 15.0 30 11.4 23 19.9 40
cyclotetradecane ppb % ppb % | ppb %
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containing 2 x 106 cells was then transferred into a
netal -free Eppendorf tube and the cells were

wo emewesoed by centrifugation at 1000 x g. The PEI/IL2004/000215

pellet was 5 re-suspended in 0.03 Multra-pure nitric
acid to give a concentrat |1@;n of 1x107 cells/ M. The

absor pt| on spectr bphot onet er pt al waviel ength of 324.7

Ch&iEkd S WeT & NoTogenT zef Wi 1T & DEXCTarT | 552 1181 | 1278 2592
nistifip Ok dple@GGH- Ki Nnematica, Stz 1pgi NUt §Sppb 0 % ppb %
Cudi srupt the ¢ell and fel epse |i ar copper
content Celll sanplesiwerp vo
S;ryn‘lylrh 3??‘1 ng{to @ Vial aptosparpller” and anéﬁ1 yZgd |i fi2 %9 | 1066 2162
te by|a Pefkin|El ner graphite ffurnaf® 18 dtBric® | ™ *

ND ORB: deldiBineSAIRLER pWelifonanal yZzed agai nst _copper standard
sol wti [
Chat i @Vﬁeﬁf’?%éw#%”%%%%' RSl OE Ss oty Bheween

theEabiigty sfecHedtofRe@UnbaulaldcdlRlthiecshee |c|oﬁ’e@£n§ dAAhdiZ BEbl6Fieal
results for HL-60 cells. Inhibition of

actdiifiéser ent Cheladxbrs ofthdvElrededel sellubilrdedppanmansdite are potent
results. g@re 44 provides the chemcal structure of

diffementisdionoindiiibess at Gnsthe giheryband, n:hemg@ ‘é»apemrnesﬁ eellular

20 TABLE 8 Positive correlation petween the ahjlity
CORNGH penieiHe PER Hotent odj fﬂﬁ@rﬁ}aﬁw&r qUS8LFe pedr gﬁfffraw%wn

int B § B O B s A B e o e%ﬁ RitaF s BEREATRY on
CD3 51 bidjison %/8 O?QLﬁ’RpttrOml})thTed?%Q&Eaddel bi &h&Btors dw1th

uction Affinity (LogK Cu ncentration teste

dlfﬂéi@ntiﬂﬁﬁh intR0inkO& iSO sdddO8s 201 ,M100DetM-aHE yModoltbdahM and
DM nM nM nM Control 49+- 18 WD 2004/ 078917

thePCPpper2 (68dd@0 2eptidds IGNHN ail BKanware 1fpuBd- to stimulate
- 33.8 69 26.2 53 27.9 57 propyl).-1, 3-propanedi am ne

diffpentsations dhspone 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+4) cells.

EXAMPLE 9
Modulation of differentiation by copper chelators on non-

hematopoietic cells

As 1s mdicated in the Background section 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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Triethylene tetratnine 20.2 + + - - - + 27.7 56 21.2
43 16.8 34 ppb % ppb % ppb % N, N,Bis (2 ani noet hyl)
WA2B848K997 + + - - + + 10.8 22 13.4 27 ND pr ope@EIL2004/000215
di am ne ppb % ppb % Tetraet hyl ene pentam ne 24.3 + + -
- - +31.5 64 24.1 49 17. 116335 (TEPA) ppb % ppb % ppb

uncffﬁe%%@i%?e%t %1}/ @ﬁﬁs h@ﬁ%g'%l{]eo /meihufndﬁ &}ggplfrrfégecf’ Wl‘&l Leul?erma
Inh@tﬁt&g %ct%@ (%II?:" 18929 féund HapTEPUC k%%?ﬁ%f)ﬂgpi@gné@%ﬁmg

11-Tetraaza 15 - -
the&ﬁldﬁseranﬁé‘avs: netwiecaste ganglls, 7- di one ppb % ppb % ppb
% 1,4,7- Trlapzqucyclononane 155+ + - - - - 15.8 32
17 ’Ph% eNbryondlystemc el wdee pp}bm%ipﬁmb I Hagx @sdentiall§-as
- - -.39.0 79 22.9 46 17. triazacycl ododecane
dessf;bed & (D, % ﬁmp%ememeUfZ(ZOei@(bagénlﬁm BPA (10-20+uM)
12.1.25 9.6 19 cycl opentadecane_ ppb % ppb %
H%ZIZfire&m?tl% comPRERSL1 oN-geaicd cantrhGelSn7. 5 B6%

73.9 150 Toxic cyclod ppb ppb %
1, 4.8 11-Tetraaza 27. 2Oﬁgifﬂf9 + + 15.0 30 11.4 23

19.9 40 cyghpt

2004/ 07891y L %%%?”%féﬁ'&‘%’@m yeyl - - -

+ + + + 202.7 411 582 1181 1278 2592 histidine Cu

conpl e a\({GGI—I— ppb % ppb %ppb % Cu)

Comppapid addad dyl - | ysi ne Cu - Effectiom+ + 481 976 473 959
1066 2162 | ex (GK- Cu) ppb % ppb % ppb % ND -
not deter ni nglgp ffeygptiatipart s per bill i &rro?ﬁeratmmvu dent

COIflﬁ”&m Tabl e 8 above+ good correl ati on was qul}pd bet ween

LIF ; 4
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 immersed 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 pieces 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 %
CO2 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 w/ml insulin, 7.5
ng/ml hydrocortisone and with or without 15 pug/ml of TEPA and incubated at

37°Cin a5 % COy atmosphere. After overnight incubation the medium was
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the ability of chelators to nodul ate cellul ar copper

content and their biological activities. Chelators
wo bat/orsdduce cel | ul ar copper content are pot enPCHIL2004/000215

differentiation inhibitors. On the other hand,

chel ators that increase ceéd ul ar copper content are

ren BT STk RNl T KOES 1 12 i o
s S AR PR 95 DAY pROLEALY, MOpu GBS

inciieetdirod S nwhidished iféif sverdl adoke RvithetuedHad Bt dulhir¥ nSéGin
as 1,4,7,10-Tetra-azacycl ododecane and 1o the copper

withiardiithowte bf ivghéis] WERAnd 3AHC weider 50NA0amidsphbaL eCell
differentiation. Therefore, screening for the ability
culiyre epgpsdivmowes treplacstutedrs w¢dknpilidas dresh mledinens &jepatocytes

culfifes PRE et FeatvogRaRRed Rl P @»a‘%{y%?xivé%%lv%@?ii? oy
. S ietj 4 .15
aiv R pRE B OTEAEEI PEROE e ot ik 5w ghewere not

treafbt WA TEPRD 05‘1:11)[‘%116‘3%1< g%ﬁﬂgéﬁ ta'h?mﬁl? | drSortd e Sﬁggteflscells

indicated 1n the Ba secti1on above, an
(Figureswd5é4fpm the scientific literature, cooper

depletion in-vivo affects a plurality of cell

| i i¥ageselli:ndhedifiert of EERnat treoingtacelhwet toppdrtcontst of

therefore anticipated that the effect of transition
plantgells waefeienniedms doHlowseMaston GamiCGallsttissierctbidres avere

obt el eyl TR G BSRE Rl il (Soloea
. j | ) i I1s; E .
IndGt e 3, LR LB bbby W ditren

conb&attdtlotR04F 098210 inl16R ungivié e%i%%l{ﬂﬁt ﬁg W09g5§§r£ room

when the nmediumis suppl enente ukem

tempataitirict oA fteFdatewdsheFivith PBBake figsnd woit subFEMAem 0.03
replace LIF in maintaining the undifferentiative

M WHantggatet aeideansehpmogdhas] vettbeyhighlshstremixel (polytron,
Kipher cult ur ed f8 é—4 days essentjially as 5 described
infRiafigg) Switreriadhr g ohcBIBHeE 10 (IR0 dinrols) and TR
intré}%e&){u%@'eéﬁpggﬁg gtnettlfgzirﬁ]%l%% rvfge% %/rgr{e%%a %%fgr%@aar{s?gm%% 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 intracellular copper concentration of plant cells.

TABLE 10
Effect of different TEPA concentration in the growth medium on the

intracellular copper concentration of plant callus tissues

‘l_TEPA Concentration in Mediuﬂ Average Intracellular Copper Contenl
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TABLE 9 The effect of TEPA of enbryonal stemcells 10
Conpound added Effect on Differentiation Proliferation
w@ewuodorr +/  LIF - + TEPA - + 15 The r esuPCBIL2004/000215

presented in Table 9, clearly indicate that TEPA
exerts a simlar effect aggsenbryonal stemcells as it

does for other—cett typgs,;~ Fepatocytes—Livers—
i nesthe ( i |

toaols and jnuxiersed into F12 culture nedi um
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the liver cells were seeded into F12 cul ture nedi um
enriched with: 15 nM HEPES buffer, 0.1 glucose, 10 nM

sodi um bi carbonate, OEXAMBLEASulin, 7.5 ng/n
hydr g/l of TEPA and

hcub b e ofhein Hya gt%“@gs Eﬁfxfr%gﬁr@uexr/emeys
004/ 0 .
pcTr e 3RnHf @gﬁé’wn‘é&e BT ahaaede b fgpglopoicti
celBY POLRTBILE DM fidY CD% ] c%‘l‘lrs'e?t'ﬂ@ld{ﬂé ;‘?ngflb‘\?lr%z% L1 4 weeks

descri bed above wth r Wi t hou

of Hepavooylties (pRiscor MMUOTERA )i WerdSin §ﬂ $hte SNO®/SCID mice
several weeks with enriched F12 culture nedium wth

essamtlallw md@scwedgm 36). TEHerad vBZKE thedmicesweieOSR rificed and
ere culture nedium was repl aced every

thefje ERRGR: fiich ’q%?%% e ged HEph il poas maupu tleshed Sth 2
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In order to quantitate engrafted cells of human origin, cells were stained

with FITC-conjugated anti CD45 antibodies and PE-conjugated either anti
CD34, CD19 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 engraftment potential of
expanded cells is higher than that of fresh cells, 20-60 % CD45+ as compared
to 3-6% CDgs4 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.



treated with TEPA contained a very small anmount of
only differentiated cells (Figures 45e-f). 10 Pl ant
w@eisn789The ef fect of TEPA on the intracel | ul apCTORP@V000215

content of

pl ant cells was determ ned as foll ows.

Boston fern Callus tissue jggltures were obtained from

a commercial plant ti l,ture production facility
(Bi ol ogi cal Industri Z@x%r@gl}gt z Bet Ha' Enek, |srael)
and i ncubateg WJh dif{Terent  COneenidakiONS Of TEPA
in the CyLHTE TREKHR] T 0,0 davs (R fc@%”f lohP  *Colonies
Tenperature. After three washes win e (1s3Ue
VeE £ suspended in 0.0 Maglifa pe n|tr1_|7c ACT Gognd
ibpregeni zed with a high shear| m xer (|pol ytronp,
Kinemat i ca S tzerideapd) kor B m nutés tasdi srupkothe
cellsjand release intracellujar copper. Cel| sanpl és
wer e vort exed| befepre transferfingito |a viial 330
aut osanpl er andCaviadeyzed in duplicate by a Perkin
EBer [graphite furnace 20 3atom c Ebsqr ptilén 70
18p&€f i ophot oneter _at _a wavel ength of 1324. 7 run. The
sanpl ¢s wet e anétyided| agabhist | copper (st ardard sdRution
prepaned froma commercial sfock sollution that was|
diluted with tra4pure nildPid aci¥. Tabled1(Q
bn'l owlsunmmmari bf fect of differlent TEPA
8%%?“ ratd on grovit h predi i gn t Ré 250
WhdEage Lular concent rfm—en—ei—pl—ant cel ls—25
TABLE|10 Effe feréht TEPA’coricent?at{on ©n the
gr-owtHr—re it At FRee HH-ar—eepper 700
concemntration cal'fus| ti ssueg TEPA
et ratyon H Avegag HtagetHti-ar o U
(Dbte | WO 2004 bCT/ 171204/ 000215 165 ( b) * oM
(Contnot)y 36:85 030 M 1385 A=A 09T 507V
8.45 4/- 0. 05 M. 7.1 ¥- p.12 1t |is evident fom
rabl e 10 apove b,k Tcuba T o[ of ;ptgnt ceits W i
TEPA {causes g reductjon of the intrgcellular content
of copper 4n fherpald$. 40 9 14 267
" Cytokines
CB5 4 Cytokines 4.7 1.6 1 5
-FCS
4 TEPA + 21 6 9 275
" Cytokines
CB 6 2 Cytokines died died died died
10% FCS
2 TEPA + 73 9 26 420
" Cytokines
CB6 2 Cytokines 6 4 6 8
1% FCS
2 TEPA + 73 16 19 350
" Cytokines

No. of cells transplanted per mouse: Fresh CB = 1x10° purlﬁed CD13g4.+ cells; Ex-vivo expanded = the

yield of 1x10° (CB1-4,6) or 0.5x10° (CB5) cultured CB CD34 cells.
*No. of colonies (erythroid and myeloid) per 2x10° SCID BM cells.
# Human neonatal cord blood.

FMean of 2-3

mice.
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5 EXAVMPLE 10 Eval uation of the in-vivo potenti al
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ex-vivo cultured cells
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cl oni ng _bone marrow cells in sem-solid nmedium undelp

to freshciriqedla sxpaudadneithewt THPApeci fical |y growth of human
derived colonies essentially as described in (56).
The results (Table 11) indicate that the engraftnent

potential of expanded I i,5 higher than that of
fresh cells, 20-60 % CDiéaé];@ 1?on‘par ed to 3-6% CD45+
cells, respectively. All 6 cord bl ood sanpl es that

were 25 expanded ex-vivo in the presence of TEPA

succBeded tlaveograft thwsow @, Whgreas onl ¥ Z;apT
of 6.sanmnl t hat were expanded w t hoyt TEPA
engr(a\t}??e_gg. %%52§04/ 078917 PCT/ |1 L2004/ 00215 ) 1(139 "l'éBLE
k1) o o TR o FREEP TGRAIT i (A% o
FCS| 2 Cytokines [40 11 15 260 YAthTEPA+|56 13 |11 330 with
cytokinesj TEPA -+ cytokiness TEPA +
cytokines cytokines
Exp. 1 3 13 0.3 0.5 0.7 4/5 4/5 5/5
3 19 0.48 0.58 1.5 4/5 4/5 5/5
Exp. Il 3 11 0.17 0.07 0.92 5/5 4/5 5/5
3 29 5.6 0 10.8 5/5 0/5 5/5
Exp. 11 5 6 0.1 0.02 0.69 5/5 5/5 5/5
5 11 0.21 0.23 1.27 3/5 5/5 5/5
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 = 1x103 cells.
Ex-vivo expansion = the yield of 1x10° cultured BM cells.
Survival of irradiated mice that were not transplanted was 0/5 in all three

experiments.
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Cytokines CB 2 0 - 3 1.2 1.570 10%FCS 2 Cytokines
38 5.7 14 127 2 TEPA+ 48 13.5 9 528 Cytokines CB 3 0
WO 2004070812. 2 250 10% FCS 2 Cytokines 0 0 O O PQI/MERWM/080215
20 4 5 100 Cytokines CB 4 2 Cytokines 51 0.7 4
19%-CS 2 TEPA + 28 7 8 185 j4s6ytokines 4 Cytokines 4 2 3

1716 5 res o IR o7e "oy nes"S
BT 18, YO BT DD o T
rern s 79 16 Dot le Bl oeh S el o i ed
g&l Icell Exltuies o wexpasupgpdementhé for three weeks with a
combination of four cytokines: SCF, TPO, IL-6, and FLt3, with or without the
following additives: TEPA 5 uM, RAR antagonist 10° M and TEPA 5 uM
plus RAR antagonist 10° M. From week three onward, all cultures were
supplemented only with cytokines. At week 7, the number of cells and of
CD34+ cells were determined. Culture content of CD34+ cells was determined
from a purified, re-selected fraction, using the MiniMACS CD34 progenitor
cell isolation kit (Miltenyi Biotec). The re-selected cells were counted, given
absolute numbers of CD34+ cells in the culture. Percentages of early CD34+
cell subsets, CD34+Lin-, were determined from the re-selected CD34+ cell
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 antagonism had no additive or synergic effect on stem cell expansion,
suggesting that copper chelation and RAR antagonism affect a single signaling

pathway.

EXAMPLE 12
Co-treatment of copper chelation and CD38 inhibition has no additive or
synergic effect on stemn cell expansion
CD34+ cell cultures were supplemented for three weeks with a
combination of four cytokines: IL-3, TPO, IL-6, and FLt3, with or without the
following additives: TEPA 10 HM, Nicotinamide 10 mM, and TEPA 10 pM
plus Nicotinamide 10 mM. From week three onward all cultures were
supplemented only with cytokines. At week 5, number of cells and of CD34+

cells were determined. Culture content of CD34+ cells was determined from a
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5 yield of 1x105 (CB1-4,6) or 0.5x105 (CB5) cultured

CB CD34+ cells. *No. of colonies (erythroid and
wWorp@itoisd)7 per 2x105 SCID BM cell's.  # Hunan nePCEIIZ004/000215

cord bl ood. +Mean of 2-3 mce. WO 2004/ 078917

PCT/ 1 L2004/ 000215 167 Hengs opoi etic reconstitution of

Pt e ke YelperRlb e o, e nioc M IACYK, €D pROSERTGT ceel
isoMFioR ldtefl\lﬁﬁltér%q 'Bib ?é%b at ?g‘g(%’o %Jt@tg)ceﬁgdwgfea'aﬁﬁhﬁﬁt eggv

one day later "w t one nmarrow ce

. absbhﬁeyluﬁibérpéf@DM%HB@@%@H&M cel | s expanded

ex-vivo 5 either with or without TEPA for 3 to 5
weeKke rassltd ebédihed! indicafad ftleat Id-tr&etrieph ef abpidrasi@laRE and
counts were perforned on weekly basis. The results

CDi3gdindabisiont et nopeldideo wergynaegic feféceron sieni cell expansion,

transpl.anted w_th bone | s expanded ex-vivo
Sugggs é@@ﬁ%recleﬁﬁa&@nangi’ﬁﬁg%ﬁng@om Gt sHNBle Hanaling
atﬁ@% nded wi t hout TEPA. 10 TABLE 12 Ex-vivo |In-vivo WBC
p /'m Survival (Weeks) (Days) Fresh B Ex-vivo

ex F 10 :
CyPERR RPN I RUBRITIO R A Tethilng g eren

reaBpts) a@ivk3at0diBfeter d@11dlaf/thradty, @eﬁfoﬁstrﬁte&gn@lﬂ‘?& aQid'i;@ve nor
1.5 4/5 4/5 5/5 Exp.1l 31 0,17 0.07 0.92 5/5 4/5 5/5

syigr@istic. afet.10T8e® Selts SifporEGD38 Ipro&ib add1ith Bblogical
0.69 5/5 5/5 5/55 11 0.21 0.23 1.27 3/5 5/5 515 5 19
fungtign ag agasyalgveny ig rpgulation of stemy callgselfrapewald. 3/5
1/5 415

EXAMPLE 13
Inhibition of PI 3-kinase resulis in stem cell expansion
Experimental Procedures:

CPI33+ Cells: While CD34+ enriched cord or peripheral white blood

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
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No. of cells transplanted per nouse: Fresh BM= 1 x
105 cells. 15 Ex-vivo expansion = the yield of 1x105
w@eiosarssdr BM cel | s. Survival of irradi ated m cECT/I2004/000215
were not transplanted was 0/5 in all three
experinments. WD 2004/ 078917 PCT/ | L2004/ 000215 168

oS SR S BSARDo

ant agoni sm Syner gi

stera@irbge RN R NcdaDBY hs§cbdd GinkUCER 398" & ﬁu%bgﬁﬂ?nb%%Jr

for three weeks with a 5 co |nat|ono

cells ymokben atentiBEH, arltPSoldttd Gor anldirELdr3eytvhdehyOusitg Hhsiddures
the following additives: TEPA 5 M RAR antagoni st
well gmgwm nthetapasshvs flau€lirAALR agstaims toplithisedMfor CON33

e e A M T s
d t ent
ot P Gt RO s il SRR S TP SR 1 edt
e
cells everel qteiiadd Gairh siniliealCeuatifidod qtdfﬁ rfematésgét%ﬁs following

nunbers of CD34+ cells in the culture. Percentages 0
fulldarmy nonBal deliedrly Gufiseted, cdEBRAt-kitag- obtakied).deS ghplie aflere

fromthe re-selected CD34+ cell fraction. Cells were
collgggs] a}ldswr@pﬁ%s@ Wmndjshmsmmrmmx BtadotvaFifiged Svith 3
o n t ed gai hst CD38, CD33, CD 14, CD
% @%a{%%g %?gt Meh sedimented o 3 anisiigsriaicbrovermost
e ts..obtai ned i ndicat.ed that
red B cblls B%s i%trﬁ‘é?%ﬁ”aa?nﬁa FR SR Gstarn o

F1ccbl§-@1ﬂ>@ @é’%‘ridﬁl@t ﬁrO’ﬁW at C%Iﬁ@f ﬁe(%hﬁi?ggga ot 404 g for

expansi on, suggestln and

30 mnteonThenadifceitlear 8&IN gﬂa@t@h i athd RferfZd lﬁ%lh\\{)@é/ collected
EXAMPLE 12 Co-treatnent of copper chel ation and CD38

washgdi Bires omnﬁ&samb resitipendesl an  physpdag-bufféfedc salome YPBY)
song il Tharttpawniies Gt bovine seram albumin (BSA,
Fraction V; Sigma, St. Louis, MO).

Purification of CD34" cells Jrom mononuclear 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 (CD34"CD38 or CD34" Lin) was measured and sorted by a FACS

sorter.
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conmbi nation of four cytokines: 1L-3, TPO, I1L-6, and
FLt3, with or wiwthout the follow ng additives: TEPA
wQaooMo7ddiTot i nam de 10 mM and TEPA 10 M pl usPCT/IL2004/000215
Ni coti nam de 10 mM From week three onward all
cultures were supplenenteg;only with cytokines. A

{
e P RS, B0 TR St o e
&L e .

Tefi¥to e genidodke B, Chd@lait i on kit (Mltenyi Biotec).
The re-selected cells were counted, given absolute

nunfizngve bxidden c BuriddCDBe+aells wee cliterddeimiddlfure bags
obt ai ned indicated that co-treatnent of copper
(Agwscan Forresral Op. Coddershiurdi Vil UShjato cantwntiaienaf 1x10*

nergic effect on stemcell expansjion, suggesting
cel 180%53\40‘2%%615 Cen canfaineng gthe nfelleming nhumae gecembinant

ey Bl L8 ot Ponaitin PRGN B terlegitap (B oY chgnd o stem
RSN, S A S o ST P oo,
Ind, eRIcks BNRPATL, O839) PHahei R x%mohf 'the PPP! REHERL inhibitor,

function as a casual  event 1n regulation of stemc
Ly2@4G02r snewal.5, BXAYPLE 203 Jonhioi jioD 2id BeuBatkd tAST°C in a
results in stein cell expansion 15 Experi nental
huptdfed uatewsplope3sf 1% ICO, thidie Th4sulamcs ched eeleniohed
eripheral white blood cells have traditionally
Wegigystqrttiies v ecks e mathdhe sapepaleme of feash inediami hy294002 and

B e
. . £ i i | i .
the, SO 0P RRSRE ABFTRIBRRUEE Gl Syt PeRRitd Fobpmine
sta@d$nAGiABEYparBRicP AAW FRfhs 1IN E ?ohﬁii Ssttdtend W%ret; used to

hemat opoi eti c progenitor and stemcel |l conpartnen

assanehheontent aficoorhefdreting undsr st andirsCHU)henumeration of
rel ati onshi ps between the cell surface phenotype of

CD3re cslipploblomdng ormssdeetin sindg imhairtophenotypeatogysiet iGell
stem and their . &éo' iferatjve_and differentiative

mo MY 35 deterpipcde eansy@spian AShandogy  Pigsburahi di.a USA)
preEQl%a;sn}e%i'slﬁgﬁ'eﬁ%ith ﬁaq,gb?uSn\?/gld?@iegﬁjsra%%lu%mlts.he AC 133+
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 F¥FC- and PE-conjugated Isotype control antibodies were

used to determine background fluorescence.
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subpopul ation indicate that CD133+ cells have high

sel f-renewal capability, maintain early henmatopoietic
wGar@aomoogeni tor cell (HSPC) characteristics, BOOIL206w080215

superior survival in culture, as conpared to CD34+

cells (see Forraz, et al,17Br. J. Haematol ogy, 2002;

119p2dbmitdsi ldrsppi L ) f the 3
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CDa#tf @llsnvhntiétermiledodmsa pofiivd ROQAIE L

PCT/1L.2004/ 000215 170 t_rgnépl antation to]ag I%Irlooggxpanded
hemainpeictt progehiter eolls, atsng ItheaViapdi A0Sc CD34 pro enitor cell

. stem progenitor cells can be assessed using 133+
isolaipps &t welMliltenyi 3FRiotesd| | sceerdinge itdentthé i ethaanfhcturers

isol ated for Lture or to r sin rocedur es
recé@meraéﬁ W-ilﬂcﬁjﬁﬁﬁ}qﬂ@%@%ﬁf & iSt %%I%éﬂ %pﬁqm@ §g§ic§mf the
i ith-CD133 M Bead Mt [
culfiP WErE SfbleRed Bk Sclts B GOERaMeBh2RE Bia Paritiiy The
no: 1 1 1eRi y . _
P o warr PR e TS8R PN, BB sy ovalpatag, by
flowuemrometryo CD 34 sl wWerieritbb Rite @nfifd BulHR WaS 3alG5ERd as

bl ood fromfenal e patients following full-term
follawisheurdledri wér GDGNT oeltedrecoveredt follasviapt sipueidication after

Sanpl es wer.e. lo collected and processed within 12
eXPﬁB%BQ %‘é@i}s@ %’M rﬂ%e evidee wedwmedvedameiof thepoiogaifahe nulture

e sy e .
f ' d
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toppahivieekiygeidh &fes Yk duhOThedPord M &iturd QSIL\'S?{%%F gﬁdﬁeag'ql;éed

cell fraction in the interface [ayer was c

diregtiyhdttorhverekt thres amadd oneglispendiehiidepopulation), the culture
phosphat e- buf fered saline (PBS) solution (Biological
volygg u¥ay Falsylagisgtty piukgpleing tebantiialevaemenwith theimimber of

ol 0 i BT A S
- 4 . | h | ear , cel |

the ]teggg{e?/ gg%v\e/a glugﬁ:{%f) @gﬁéﬁﬂlgl%gz(gﬁ?ﬁ% @én})@g?(g]%ngr{51§ne= total

CD34mu ' 4 ' : ' ¢
OO ERINBELE ﬁ@eara@éd)%&é%gg?élpgg;@?;cgﬁscﬁfr{;ﬁq Q" week

Ciniinax(r) CD34 Progenitor

cultoms| slerwed Biaottee foAubdr RghtGdattcASFHELHIRANT 3G WoBf ‘sSatter
recommendati ons. The purity of the CD34+ popul atgl on
(SSkpaph st repttéigd KFdmd-©8elds worcsntlar as tiist ef €D 3y cells

fl ow, cytomet r see bel ow) .
before Ctltte. °Cemsa étammg show\f/:vc)l 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 a mixture of FITC-conjugated antibodies against differentiation
antigens (CD38, CD33, CD14, CD15, CD3, CD61, 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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CD34+38- or the CD34+ Lin- sub-fractions, the purified
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anti bodi es specific for CD38 (Dako A/S, d ostrup,
Denmark) or |ineage antigens (BD Biosciences,
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| i neage antigens using a negative selection colum

fromg She el bumbec lofi T4 sellvaemyeveat folRByingathada)purFication
vivo expansion: Purified CD34+ cells were cultured in
StePeul ture bags 5 (Anerican Fluoroseal Co. Gaithersburg,

DT i SR | ReRlhSdE, ST of o
s O oy B AR RRTBNN B PR gosid n
1 1 : i t [ f
ol (Sl sontig. SRS, KGR S
fixed sthined wiith Mayt-Gtinew #ld/Gickisaasain iantickiatnitied ddcroyciAEHIR,

at 0.1, 0.5 1, 5, 10, 20, 50, 100 gML and incubated '
at 4@ ifar Lolpuri Botming Kels s@HEe): of Mesogadlein cells .were

ol 4500 el pHE G4l veminmi onedias b e absbipse
. . F kK th t
(Siefy B TST T e Yol TR APRBRIPRSAT k%léb'ée M 6
! B s Melle
(PR (1 nan bl ad Tt VP ORI (bl

Indinariggst2dinsglll srytfopoisrd (ErexasSaig t A€ c@nt eSdha®fhausen,
colony formng units in culture (CF:EJC), enuner ati on of
Switwsland; S0 ard [L Swiboth ae26 epaal, A SEhahd GingrESih ok up @0

o R TR P 55 T s

s PIBBI L MO ABIEL A GRS R R Sl 55

37°€%h ;é%ﬁ%ﬁigiﬁéﬁd&%ﬂ&é&@ﬁ? 02t Al &x%%ln%f &l Rbarn
were then washed i

orescein i'sothiocyanate
oIS, CraLegLat i Syl oo
miciasicope at AdCSeagriifivat{or). EFOw content of the expansion culture 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 ml by the culture volume.
From week three and on, number of passages was also taken into account (due
to demi-depopulation).

Resulrs:

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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Determ nation of early
gé}fclem%lg}; B exyhvo expansion of early and late

progenitor cells
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to that of freshly purified CD34+ cells

CD34+ cel |l

TNCx10* | CD34x10" | CD34+CD38- | CD34+CD38- | CD34+Lin- | CD34+Lin-
(%) x10* (%) x10°
Cytokines | 218 65 2.2 1.4 1.0 0.6
Cytokines | 155 53 9.1 4.8 2.5 13
+
Ly294002

Morphological assessment of the cultured hematopoietic stem cells, after
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early CD34+ cell subsets were determned as well from
the re-purified CD34+ 25 cell fraction. Cells were
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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 to be incorporated herein by reference.
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PI 3-kinase is selected from the group consisting of:

(a)  aninhibitor 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 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.

4, The method of claim 3, wherein said inhibitor of PI 3-kinase
activity is Wortmannin or LY294002.
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IS: I. A nethod of ex vivo expanding and inhibiting
walpdoersomt i ati on of a popul ati on of stein cel PGI/IL20&4/000215

nmet hod conprising: (a) providing the cells ex vivo

with conditions for cell pB6liferation; (b) ex vivo

providing the cells with an effective concentration of

a s nodulator of PI 3-kinase activity, said nodul ator

sel &ct edThapabihedobf delwimi eguldickeig saill mddklaias @apable of

activity or_ an expression of a gene encoding a P
downiggnietimg Phérkibgsexctivivp osxgxpnckising ahad gens bicoding PI 3-

.differentjation of the population of stein cells. 10

kingse 7 %Pél’ﬁi)é'lﬁﬂa&?laé’ftﬁp@}’- wherein said stemcells are

early hematopoietic and/ or hematopoi etic progenitor

cells. 3..The nethod of claim1l1, wherein said

Todl at OTne BRI EHr ERRAN Syh kil A LBAY R WAt Alibody is

3-kinase activity or an €xpression of a gene erdodi ngy
ScRV drlFaB- ki nase is selected fromthe group consisting

of: (a) an inhibitor of PI 3-kinase catal ytic

activity; (b) an antisense pol ynucl eoti de capabl e of

specifically hybridizing with an nRNA transcri pt

encddi ngThe pnethod aofagleim 3.cyvharein lseid, peowidlinghis effected by

specifically clegves Pl 3-kinase transcripts, codin
“algﬁ?ﬁr waye 64185‘@8%‘%5@@ v, ﬁ?Hjci qh?zmmalg SiRNA

. | f_..nducing degradation of Pl 3-

mo%é#gés:g} %@?ﬁ@%@?g ;W1§Hg a(sé‘?%ace yme whi ch

specifically cleaves Pl 3-kinase transcripts or DNA
15 4. The method of claim3, wherein said inhibitor o

Pl 8- ki ndsemetiedd ¥ EirhS, WhiekeTRRAIdProvidin B&8este V'S

2004/ 078917 PCT/1L2004/000215 186
(@)  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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5. The nethod of claim1, wherein said nodul ator

capabl e of downregulating Pl 3-kinase activity or
wezpretdion of a gene encoding Pl 3- Kkinase i SPERIL2004/000215

anti-Pl 3-kinase antibody. 6. ' The nethod of claimb5,

wherein said anti-Pl 3-kin&se antibody is ScFV or

G - ¢l at m: [ej ' r.oyi di ng
the E8p Cond et A RLing Sidices MIELR Sa iRt Cno

pol ynucl eoti de, said ribozynme, said si RNA nol ecule or

said DNAzyne within a stemcell. 8. The nethod of

cl ai2n 3, Thhareehed shicthimpr bl iwhergin saiéfchelgtRdnpcyi@ines are

provi di ng an expressibl e pol ynucl eoti de capabl e of
seleskpst Goni g grewp donsistingabsepotelhiactapFLE8 ligaaddinterleukin-

i bozyme,  said si RNA.ngpl ecul e or said DNAzyne, and 5

6, W@%?Wl P@éjg&?ré?‘ﬂﬁ’@' sai d expressi bl e pol ynucl eoti de

into a genone of a cell, thereby providing a

nodul at or capabl e of downregul ating a Pl 3-kinase

oo, g o dang 0CTGER S15 OB S ok i

FL'B3 kichage activity is an expressible pol ynucl eoti de
encodi ng an anti- PT 3-kinase ScFv or Fab. 10 10. The
met hod of claim1, wherein said providing said
conditions for cell proliferation is effected by

pr olt-di nfhe mesthed £ olgih L huwiersin saithlate eytingiaytakinassare
il UG T G oo 10t Bl o B0 e
| SL . i t oki nes. and
ere eSSt 1y Sl Akl A iR Bl

wherein said early acting cytokines are selected from
the group consisting of stemcell factor, FLT3 |igand,

i ntEY.l eURher-mé&h6d dfhelaihopbi eherei@ndid Miterd@iki Bytdkine is
13. The method of claim 11, wherein said early acting
gragyhogkiereolomy stimulating factor.

16.  The method of claim 1, 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.

17.  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.
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FLT3 ligand. 10 14. The nethod of claim 11, wherein

said late acting cytokines are selected fromthe
w@e@ap7890nsi sting of granul ocyte col ony sti mul BET/IG004/000215

factor, granul ocyte/ macrophage col ony stinul ating

factor and erythropoietin.igd5. The nethod of claim11,

wherein said |late acting cytokine is 15 granul ocyte

colony stinulating factor. 16. The method of claiml1,

whet(ei n ‘Blad eheth Mo elhitn a9€ vilRiéMeshid seMBctifn 9 Hffred via
sel ected fromthe group consisting of hematopoi eti1c
CD3411s, neural cells, oligodendrocyte cells, skin
cells, hepatic cells, enbryonal stemcells, nmuscle 20
cells, bone cells, nmesenchynmal cells, pancreatic

celd.s, ondrqcytes .and strojna cells. 17. The nethod
of jc‘r ai ;ﬂ‘ﬁs{nea}?éir o s1aun1q Pl commrising gha stepwhdelecting 2
y al _hlood. .25.18. The net hod of
popRRRfon B Bl1s BRHBIETR caly Bt iiiatc s Maipeenans cells.
neonatal umbilical cord blood. 19. The nethod of claim
1, further conprising the step of selecting a

30
popll at iTire ofetlssc o eilihs 2enkinehad hel she @l i
stemcel|s. WD 2004/ 078917 PCT/ 1 L2804f008§§1899f§%b%. via

CDI$& nmethod of claim 19, wherein said selectionis
affected via CD34. 5 21. The nethod of claim1l,
further conprising the step of selecting a popul ation

of stemcel | nriched for early hematopoietic
st ez‘% pr 6%%‘?@8& %fle?rP%S.duC% expAtidggs Haélf&re%maﬁ%sm cells
; j ai t] is affected via CD133. 10 23.
SRR A

ransduci %anded, undi fferenti at ed

st €a) Ccebobeainitsld I PAAIENGem' (15 Met hod conpri sing:
(a) obtaining a population of stemcells; (b)

?é l;ﬁlja);d .b s?paﬁng ahd biliibigediiffeedreiativatoraRi dftedies piem

1 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 (i) are effected in vitro or ex vivo, thereby

expanding and inhibiting differentiation of said stem cells; and
(c) transducing said expanded, undifferentiated stem cells with 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

hematopoietic and/or hematopoietic progenitor cells.



15 (i) providing said stemcells with conditions for

cell proliferation; (ii) providing said stemcells
wowaoh/0z81ef f ecti ve concentrati on of a nodul at ReT/Tf2003/000215

3-kinase activity, said nodul ator sel ected capabl e of

downregul ating a Pl 3-kindg® activity or an expression

of 26.genthe g #8cIAIHN 33 Whehda 8aiRouhREg é%le%‘tﬁféc?aéq&l?le

(i) and (ii) are effected in vitro or ex vivo, t

of éopwaregutagingra PI BHiihade awgiviiyf rearcatpretdion obb gabdEnsbeis a
cells; and (c) transducing said expanded,

PT 3nkdngseas selectad deprs thegroaploongisting oiie  exogene. 25 24.
The, get hod, of, cl ai 3,.whereipn said transducing is
ef f &t ed@th ltq}'ébtjtnﬁéé'm@ﬁ%é}?ﬁ Krety¥gene. 25. The

met hQd of ¢l aim 23, .wherein.said.stem cell e,early.
neridoporbefi-dig & B tabudt o, Gain et bpPliking
30 %g([gf / aopgg_ 89 26. The -
mt?wogg%%f C é?%%%&%\{heyfé%ééal %dag ator sel ected
cap@l e a aibcigwy egiitiatspedifRafy cekiedaPE 3akina¥é t¥an@Eripts,
an expression of a gene encoding a Pl 3-kinase is

sel exting séquemcehandjoopneates elstengs; of :  (a) an

inhidSi tor of Pl 3-kinase catalytic activity;, (b) an
ant {8ens@ sHuanrdlesulaecapaplenpé inducipg ddegradatiop of PI 3-

hybridizing wth an nRNA transcript encoding a Pl
3 e Bpi

bozynme which specifically cl eaves

Pl kin i . hn equ s _and/or .
pro tergm%\r%ﬁﬂé %ﬁlg%‘ %gﬁmgli% &{%«%}‘%Ivg% gféﬁgﬁﬁ%ﬁo ghsgfipts or
i ndpgiAg degradation of Pl 3- kinase transcripts; and
(e) a DNAzyne which specifically cleaves Pl 3-kinase
transcripts or DNA 27. The nmethod of claim 26,
wherein said inhibitor of PI 3-kinase activity is

Wor 2 rannihe enethad 9f0daim 28, WhereimesdiddinbibitirabiPP 3 kinase

actmt%rigi\gorstgagnglo é:lrui%58£0(§:2a}pabl e of

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
(@)  providing an expressible polynucleotide capable of expressing

said antisense polynucleotide, said ribozyme, said siRNA molecule or
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downregul ating Pl 3-kinase activity or expression of a

gene encoding Pl 3- kinase is an anti-Pl 3-kinase
wa@ndoitlorsdy? 29. The net hod of claim 28, wherei NnPGHIIC2004/000215

anti-Pl 3-kinase antibody is ScFV or Fab. 30. The

met hod of claim 26, whereilgo said providing is effected

by saldBNA%ﬂﬁéyarﬁXpr essing said anti sense
pol ynucl eot1d€, said ribozyme, said si RNA nol ecul e or

sai(®) Dwyﬁ intdghatingd s&itl ekpeddsible PblyntiteediRleNeh 9fcenome
cl aim 26 erein sald providing is effected by 5 %a
pr cﬁf&ﬁﬁﬂg an expressi bl e pol ynucl eoti de capabl e of
expressing said antisense polynucleotide, said

thexebyy ¥ g vding amep dilasn capable QF doynreguladgz s @I Soltinase activity

ﬁg@qﬁ 004/ 000215 . 190 said DNAzynme, and (b) stably
or St BRI SHTESEWr essi bl e pol ynucl.eotide into a

genome of a cell, thereby providing a nodul ator
capabl e of dovvnregul ating a Pl 3-kinase activity 5 or

Pl 33 ki "B&E nGeRGd SFRISRS 26N !
26, wherein said inhibitor gf’ em Lﬁ I nase act Vi ?ylmll%se

actizrty6x pnespidssiblp pblymueclsotitie %ﬁc@dhﬁ@OHmﬂltﬂnPlaB‘lldmas@ScFv or
3 ki nase ScFv or Fab. 33. The nethod of claim?23

erein said providing said conditions for cell
proliferation is effected by providing the cells with
nutrients and 10 cytoki nes. 34. The nethod of claim

33, vvher e sele ted from the
gr ol Corsi SRRy ? %&Pnﬁa‘g{@ﬁﬁl ST ﬂ%ﬁ%ldl cnditions

ST A s

cytéiigegr oup consisting of stemcell factor, FLT3 |igand,
i nterleukin- 6, thronmbopoietin and i nterl eukin-3. 36.
The nmethod of claim 34, wherein said early acting
cytokine is 20 FLT3 ligand. 37. The method of claim
34, 3%wherldienmetiod Qfatl@nagfb,i wherein sdiil matolanes 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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selected fromthe group consisting of granul ocyte
colony stinulating factor, granul ocyte/ nacrophage
w@odoanys9st i mul ati ng factor and erythropoi eti n. PCBII2804/000215
The nmethod of claim 34, wherein said |ate acting
cytokine is granul ocyte c¢@l ony stimulating factor. WO
2004/ 078917 PCT/1L2004/ 000215 191 39. The et hod of
claim 23, wherein said stemcells are derived from a
soB%e sHleapb@ddfgfuninne3 %ﬁéﬂéu@ %ﬁ's&hh Re11®kre derived from
hemat opoi etic cells, neural cells, oligodendrocyte
a swetd sglectkd Mrome Itlhesgrdmpnanmstmgldféxenmwmqwﬂn@bem erural cells,
cells, nuscle 5 cells, bone cells, mesenchymal cells,
Oha%lﬁ%ﬁi@ﬁﬂec“&]él skin el diepeiie @sllanembryanah stare| dedls, Aiscle
d of claim 39, wherein said stemcells are
cellyoforfets rm??e%ww&ﬂlwwr%w Gshler Ghotsiragyics and gtroma
6l%.he met hod of claim39, wherein said stemcells are
erived from neonatal unbilical cord blood. 42. The
met hod of claim 23, further conprising the step of
selecting 15 a population of stemcells enriched for
heni) opditetnethetderfdgihl 89, Wherelh saitRtdindeld akd @érﬁ}eﬂizfrom
wherein said selection is affected via CD34.
bonghrameywsgerphetahblaod3, further conprising the step of
selecting a population of stemcells enriched for
early hematopoietic stem progenitor cells. 45. The

mst od cl aim n,said selection is affected
4105 s YOy o oitin PSRt s et sl ity ed
rising wundifferentiated
neog?ﬁg?%gg?ggﬂ:%ﬂgblﬁﬁgpexpanded according to the nethods
of any of clainms 1-45. 30 WD 2004/ 078917

PCT/ | L2004/ 000215
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.
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192 47. The cell population of claim46, in a culture
medi um conprising a nodul ator of Pl 3-kinase

wa@eaouwigoy7 sai d nodul ator sel ected capabl e of PCT/IL2004/000215

downregul ating a Pl 3-kinase activity or an expression
of a gene encoding a PI B2kinase. 48. The cell
popyl at TR @il K RIM of £ faf Qih 5@ gk gl
A phar rraceutlicaﬁcorrpogﬁtll gh&ggg?r%rai Si ng@;ngee cel(#)ri%prdf&l‘c’y

a mpojldtat | ¢ PO 3-lgh@emadiviey) dsaidp ks iReaeH defdléd capable of
acceptable carrier. 5 50. A pharmaceutical conposition

dowansmlatsigg Pl Bekinesd agopt) ait aexpfessiohaifm déheanitoding a PI
.pharmaceutically acceptable carrier. 51. A nethod of
3-kiR@Sfat opoi etic stemcells transplantation into a
reci pient, the nmethod conprising: 10 (a) obtaining a
popul ati on of hematopoietic stemcells; (b) ex vivo
expandi jnhi b ti ' rent i ation of.said
nerdt opanceey Pl iR 4SO AGH i iRty
said hematopoietic stemcells with conditions for
cell proliferation; 15 (ii) providing said
he#fit opdi ghaxenaaskativaalonspdition V@mpti%ﬁlgaﬂleecfdileﬁéﬁm_ﬁtion of
.concentration of a nodulator of Pl 3-kinase activity,
claigaegantbel phamerceutedlscacedpbpatirsienf downr egul ating a
Pl 3-kinase activity or an expression of a gene
encodi ng a Pl 3-kinase; thereby expandi ng and

i nRRbi tiyn i fferentiation.of said .stem hematopoietic

20 Qe 1 & DafiacE i ifen, SO bRttt SopaRiighon of

gt i : LR The nethod of claim
Clan%l@v\%g% Elﬁ%ﬁlggacfé Hhﬁg%ﬁggéagﬁ %argif% Emcells are earl y

hemat opoi eti ¢ and/ or hemat opoi etic progenitor cells.

WD 2004/ 078917 PCT/|1L2004/ 000215 193 53. The net hod

of 5¢l ai  Sasthod eoibeumtisbiamd wtahocelfe tetsidnesipablto a

.of downregulating a Pl 3-kinase activity or an
reciiggpt, dRe sk campiésiszencoding a Pl 3-ki nase is

Seka ct egb{ariﬁ.l{{]gta%%p%ia%o% &‘H'e%iqa%{)&%ﬁg fs’éem cells;

(b) ex wvivo expanding and inhibiting differentiation of said
hematopoietic stem cells by:
(1) ex vivo providing said hematopoietic stem cells with conditions
for cell proliferation;
(i)  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

(¢) transplanting said hematopoietic stem cells into the recipient.

52. The method of claim 51, wherein said hematopoietic stem cells

are early hematopoietic and/or hematopoietic progenitor cells.



(a) an inhibitor of Pl 3-kinase catalytic activity;
(b) an antisense pol ynucl eoti de capabl e of

wa@p@giofdoenl | y hybridi zing w th an nRNA transcPCPIL2004/000215
encoding a Pl 3-kinase ; (c) a ribozynme which
specifically cleaves Pl 3i&i nase transcripts, coding
sequences and/or pronoter elenents; (d) an si RNA
nol ecul e capabl e of inducing degradation of Pl 3-
ki ridse tTtangethiodtsT cland 5 { evherePNGAYN B0 MR selected capable
specifically cleaves Pl 3-kinase transcripts or DNR

of dwnregelatieg hdd diimdsaiactisRy onbereipressaindof aliehé eatodifig a
Pl 3-kinase activity is Wrtmannin or LY294002. 55.

PI 3rkimagetsfelecesd Gpal themroumpensistingsefid nodul at or capabl e

o S sEh GrATSRS,BE Y, o SXPreseT on
ti bod . Th th f. claimb55, wh [ id.,. .

ooty e ARMISH S LBy SRl Fidiiing

e A0 mINA nirip DRl 33 BRAW di ng 15 ef fect ed

[
by transi enﬁ y expressin ant'I sehse
pol(ynuclaeoibogeme sehithr kfificaly Shiades i FRNA kiR ce Gdheerits,
sai d DNAzyme within a stemcell. 5 58. The nethod of

c| aiogig3sequiecasiandéai ppomotari démentss ef f ect ed by (a)

pr O\Fﬂsdi ng an_expressi bl e pol ynucl eoti de capabl e of

exphds sidRgSADIAomelanio apsty/ ofl by degmdation efaPl 3-
anti.sense pol.ynucl eotide, said ribozyne, said si RNA
rroll%%a(ﬁezra&gmét i P nme, and (b) stably integrating

i:i ?) e>5<%{%@?%%éﬁep%{lﬁfg%Ag@éd&%ﬁ%%&e%rﬁcg—ﬁlgqgg tgaf?fscrellpts or

dowmeagul ating a Pl 3-kinase activity or Pl 3-Kkinase
gene expression. 59. The nethod of claimb53, wherein
said inhibitor of PI 3-kinase activity is an

expressi bl e pol ynucl eoti de encoding an anti- Pl
3- Ki¥nasd scmgthnd of claim 53, wherein said inhibitor of PI 3-kinase

activity is Wortmannin or 1. Y294002.

55.  The method of claim 51, wherein said modulator capable of
downregulating PI 3-kinase activity or expression of a gene encoding PT 3-

kinase is an anti-PI 3-kinase antibody.

56.  The method of claim 55, wherein said anti-PI 3-kinase antibody is
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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Fab. 60. The nethod of claim51, wherein said
providing said conditions for cell proliferation is
we@tdogotrsddr by providing the cells wth nutrientBCHIR004100215
cyt oki nes. 61. The nethod of claim 60, wherein said
cytokines are selected fram the group consisting of

eardayd agiil [ : LNg.:Gyi-eki nes., 1

2 R PUPR N Dol B TR SHiE RN St or
cytskd D@$AsyRe, Arl ected fromthe group consisting of
stemcell factor, FLT3 ligand, interleukin- 6,

t hr@rbopualelyiintegratiignsaid| empkéssitde poBynublwtidet e a%enome
claim6l, wherein said early acting cytokine is

FL QPQﬂand. 64. The nethod of claim 61, wherein said

| at 1. t pKi | ected f th
theisBi GBI alQREHET Saginie of Aompramuiatngs Phg-Faorosctivity
or B #u a@%%ﬁﬁ% g%glreg@grgge col ony stinulating factor and
ery e

ropore 5. The nmethod of claim®61l, wherein

said late acting cytokine is granul ocyte col ony
stinulating factor. WD 2004/078917 PCT/ | L2004/ 000215

195%6. Tihe nrethéddf aflaied SBMvdereih@i@iiAh®Alof ot BIM kinase
cells are derived from a source selected fromthe

actiyityip aponpressibig polynheleatidpeneddingcel Arsi- Pleduikdhase SRS, or

ol i godendrocyte cells, skin cells, hepatic cells,

Faberrbryonal stemcells, nuscle 5 cells, bone cells,

nmesgch | cell ncreatic cells, chondrocytes and
Strim R pthoshot BRET SF hekersm sdinfPBlngsididegomditions
iid I rive Fom baone rr.QwW or .
for R BRUPET A, 5 M8 b T Bk B T R gfrionts and
cytolipei n said stemcells are derived from neonat al
unmbi l i cal cord blood. 69. The nethod of claimb51,
further conprising the step of selecting 15 a
popul ation of stemcells enriched for hematopoietic
st éth- celThg 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 acting cytokine is

granulocyte colony stimulating factor.
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70. The nethod of claim69, wherein said selection is
affected via CD34. 20 71. The nethod of claimb51,

wo eootloggo1zonpri sing the step of selecting a pPEUIRDI4ANN0215
of stemcells enriched for early hematopoietic
stenf progenitor cells. 7295 The nethod of claim 71,
wherein said selection is affected via 25 CD133. 73.
A net hod of adoptive i mrunot herapy conprising: (a)

obt@b.ni nibhemegend dOElahesat abeich k§idctéhells AR Berived from
patient; (St) ex_vivo expanding and inhibiting
a seliree selepteddrororthegram consintimgt afftwinettopoiett lcellbyreusd cells,

(1 rovi di ng sai.d progenitor hematopoietic cells ex
Ohéﬂ(fffagwcy’w el Sk oS Isaicratia) afiss embpial L2@04¢d30 2MBcle
96 for cell proliferation; (ii rovi ding said
cellsy Bond eIty hosapertarits, Bndeds ffarRardtosyiosand stoma
celgoncentration of a nodul ator of Pl 3-kinase activity,
sai d nodul ator selected capable of downregulating a
Pl 3-kinase activity or an 5 expression of a gene

encodi ng a Pl 3-kinase; thereby expandi ng and
i nho'bi t i Noe dietfcet efMtlamt 66Nwhbres@bshdpt@aeRllt Afe derived from
hemat opoi etic cells; and (c) transplanting said
bons gVt Grpenipharadpboatic cells into a recipient. 10
74. The nethod of claim 73, wherein said henmatopoietic

stemcells are early hematopoietic and/or

hergt opojqet | r itor cells. 75.. The nethod . of

ol A vo R RERICOEd e hsatingtin {2 siet cale At ddfom
neodeN LBMAHIRed B1Jdl. 3- Ki nase activity or an expression

of a gene encoding a Pl 3-kinase is selected fromthe

group consisting of: (a) an inhibitor of Pl 3-kinase

catalytic activity; (b) an antisense pol ynucl eoti de

cap¥bl e Wic spduid oL alaig Hy uitkérzcgprising ihastepRAelecting

nscript encoding a Pl 3-kinase ; (c) a ribozyne

t
a P%;H?%trﬁp% e eals|eprichedfarshematgpdietiastent cealiscri pt s,

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 adoptive immunotherapy comprising:

()  obtaining progenitor hematopoietic cells from a patient;

(b) ex vivo expanding and inhibiting differentiation of said
hematopoietic cells by:

(1) providing said progenitor hematopoietic cells ex vivo with conditions



codi ng sequences and/or pronoter elenents; (d) an

si RNA nol ecul e capabl e of induci ng degradati on of PI
wW@200kiorease transcripts; and (e) a DNAzyne whi cPCT/IL2004/000215

specifically cleaves Pl 3-kinase transcripts or DNA

76. The nethod of claim 759 wherein said inhibitor of

Pl 8k : -activity is Wrtmannin or LY294002. WO
2004f0783’§§h§§dﬁt} ’2004/ 000215 197 77. The method of

cl afify povitdner i g@g_@nn@ﬂqieﬁwdspcﬁ@@@meﬂsoﬁvﬁh an effective
downregul ating Pl 3-Kinase activity or expression of a
geneorerentrdiion Pl a 3noduilatms eofi 1 drkanbe -detivEyk saids modulator
anti body. 78. The nethod of claim 77, wherein said

ant seleuted- amskle ehtdomodgguletingc#E\Phr 3kaase7activie or an
met hod of claim75 erei oviding is effected

5 by CNINSTEOBAL W%@(%‘i‘&éﬁl&@?’%g?ﬂ&géﬁ{ﬁ sense

n eoti de, said,ni-hozy sai.d,.si R nol,ecul e or
A Mt RNt e o R L
herbh@bBlefie.cebel g N said providing is effected by (a)

provi di ng an expressi bl e pol ynucl eoti de capabl e of

exp(gssi rgnspdaittheaaid sepeaitpohansiobeRticdells $bt recipient.
ri bozynme, said siRNA nolecule or said DNAzyne, and 5

(b) stably integrating said expressible pol ynucl eotide
intg a ge of a cell, thereby providing a

0 roddfat of Ne ABBYG CBrclaiBwiR cgiieatIngih hPmameisiss stem cells
are Ao RS isfi 5 Ot RS it ORI U o Pl

3-kinase activity is an expressible polynucl eotide
encodi ng an anti- Pl 3-kinase ScFv or Fab. 10 82. The

T, AR T A MBS o
of dowwuraiutegirighe PE8ltinase ddiivityt o Bné:sprasdon 6Y h@enBesicoding 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 ;
(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 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
15 activity is Wortmannin or LY?294002.
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83. The nethod of claim82, wherein said cytokines are
sel ected from 15 the group consisting of early acting
w@ydikisses and | ate acting cytoki nes. WD 2004/ PTBALH04/000215
PCT/ 1 L2004/ 000215 198 84. The nethod of claim 83,
wherein said early actingl®¥ytokines are selected from
t hg7gr oUhecarRsicd iofocigfm in f | d
interleukin- 6, thr orrbop?i%?‘?vﬁggéﬁ% &I%?](% g??%lgétﬁgédpggﬁ of
dowsseguthtengré Hbdtimise clcsiivity &8, expresseom ofad Geged rén)éoéi‘ﬁ'gi Pp 3-
. cytokine is FLT3 ligand. 86. The nethod of clai m83,
kinagp ey & antedi 3-kizpse am?qug cytokines are selected from
the group consisting of granul ocyte colony stinulating
factor, 1o granul ocyte/ macrophage col ony stimul ating
f agtor Rr gpoi.et4n. .87.. The, net of claim 83,.
V\,hZ?'ei n@girﬁ&?{‘é? 8?8@6%@ KHSRPra1g %Htl'%:fgrﬂﬁméieyarglbody is
ScFyadaryp stinmul ating factor. 15 88. The nmethod of claim
73, wherein said stemcells are derived from a source
sel ected fromthe group consisting of hematopoietic
cells, neural cells, oligodendrocyte cells, skin
cellPs, Hbpanethodedf slaime s, yoheatirs beit grehiding 1y eEfeeted by
cel|ls, bone cells, nmesenchynmal cells, pancreatic
trangignily explesHag saigh aisarte palyarmcotids, said idbAe, Thid siRNA
thod of im 88, . wherein sgid stemcells are

molerlly 9hgrigl Zy BV IRt EBCeHer i pheral bl ood. 90. The

met hod of claim88, wherein said stemcells are
derived from 25 neonatal unbilical cord bl ood. 91.

Thgonet trad ngfih6d aF ma?rﬁﬁSgWhtgtﬂig{ln sg@{ﬁi@k@ﬁfgg (i:s:é}gec?%(fgy of

selfegcti ng a population
hefrt oppr@idingsieroxpedskible FoIZRicIMRENBAROE Off ShRE
91, wherein said selecti onqjibsﬁglffect ed via WO phesting
2081l reseTsePETynuCcleod€ (o 5ibor9mmeCRBM. siBNA Thelecule or
nmet h@tdl%lﬁf cl ai mJS, further conprising the step of
setat Higzyme, an
(b)  stably integrating said expressible polynucleotide into a genome
of a cell,
thereby providing a modulator capable of downregulating a P 3-kinase activity

or PI 3-kinase gene expression.

81.  The method of claim 75, wherein said inhibitor of PI 3-kinase
activity is an expressible polynucleotide encoding an anti- PI 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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a popul ation of stemcells enriched for early

hemat opoi etic stem progenitor 5 cells. 94. The net hod
w@RooghzEomt 93, wherein said selection is affectPdI/i2804/000215

CD133. 10 95. A nethod of nobilization of bone nmarrow

stemcells into the peripberal blood of a donor for

harggesti 0 IS¢ 0g: 1.nk-ster| to

the Gonor aaeBFERY FUERTEL o 140 BTN e Spre
sel&@edPiroar Hiea6€p asﬁsm&ﬁ%/@f Side PGt PL TS ¢l86H fhterleukin-

capabl e of ~downregulating a Pl 3-kinase activity or
6, thromebqpodstii amd Dfterdedeénd. encodi ng a Pl 1s 3-ki nase,

t hereby expanding and inhibiting differentiation of a

popul ati on of bone marrow stemcells; and (b)

har yesti the cells by | eukopheresi.s. 96. A nethod. of

i nhYbi t iﬂge RO O MR (P VNIt 14 Slyersiing syi@kingpis

or cells for treatnent of a

FL?%T%éﬁ@w obi nopat hi c patient conprising admnistering

to said patient an effective concentration of a

nmodul at or of Pl 3- kinase activity, said nodul ator

sel 3.t edTieapalthad Of HaWNBSIWhtdiNGaRl Bie Actiliy "38kines are

activity or an expression of a gene encoding a’Pl
sel@ted Mame, the hrpeh\conskfing difngraankbciytentdliohiy ngimulating factor,

differentiatjon of a population of stein cells of said
granslogxiefaaerophess ¢dlany siponlatagdactor end saitrapeteiinat or  of

Pl 3-kinse fromsaid patient, said stemcells undergo

accel erated maturation resulting in elevated fetal

he | obj t] -t here | Loyating,s t0 .

of 75 hers PapiE 310 Boish S 2 He ST saff Mg e RygRRe i
grafiglodo@ @loBbstichlatiRefa&8APri sing the step of

adm ni steri'ng to 2004/ 078917 PCT/1L2004/ 000215 200

said patient a cytokine. 98. The nethod of clai m 96,

wher ei n sai d nodul at or sel ected capabl e of

dowht- egullag insthaal ¢fi claink 78 awbemin saidtsyernceAn arxgereesl foom

of a gene %ncod' ng a Pl 3-kinase is selected fromthe
a SQIF6 pCIETE %‘Wrd@e foup( GOnsEHNE e lsimasep Getiprelds, ene ells,

: ' vty «b), an.antisense polynucl eotide
o ERTNAYE, BB Yol A S s
cells, bone cells, mesenchymal cells, pancreatic 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
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with an nRNA transcript encoding a Pl 3-kinase ; (c) a
ri bozynme which specifically cleaves Pl 3-kinase

WO e@asTdipt s, codi ng sequences and/ or pronot ePCT/IL2004/000215
el enments; (d) an si RNA nol ecul e capabl e of inducing
degradation of Pl 3- kinagestranscripts; and (e) a

cDBWAzyme which specifically cleaves Pl 3-kinase
transcripts or DNA 99. The method of claim 96,
wherein said inhibitor of PI 3-kinase 5 activity is
Wor t manni n~ or LY294002. 100. The net hod of cl ai m 96,
whe®i n Bl thetioatlibfichim ) fhitkeofompaymp abel k&bl s¥seficting
3-ki nase activity or expression of a gene encoding Pl

a pgpulatiegsef iS@narceglmammheda-ﬂar reasly kerbhatopdietic 19dm/pbgenitor
met hod of claim 100, wherein said anti-Pl 3-Kkinase

cellsnti body is ScFV or Fab. 102. The method of clai m 96,
wherein said inhibitor of PI 3-kinase activity is an
expressi bl e pol ynucl eoti de encoding an anti- PI
3- kgmnas : : . g f..cl aj 7 .
whor o n o et oF Raint O3, nBeFeB e e ReriGh 3 QtfBtred via

CD¢dhsi sting of early acting cytokines and |late acting
cyt oki nes. WD 2004/ 078917 PCT/|L2004/ 000215 201 104.
The nmet hod of claim 103, wherein said early acting
cytokines are selected fromthe group consisting of

-cel4 Mgwodr of mobalizatipandl bone enkmowi stenbeells into the

st
j et d.i | eukin-3. 5 105, ‘Th hod of
peripsPTRIBS! 81 4 Bpditos B eats Prealisngrayisongine | s FLT3
[ d. : f clal 0 wh [ id
|t aeianisl i R oB, Bngi, Bt dtiva FrbiriRE o ol o
_ act ’ | . . |
mo&datrS b o8- 1anaRu| REVHE Cs%icpnﬂﬁoa{l‘agﬁ'giji ﬁs‘éele?geéi gc(r;a&)g%lg of

gr anul ocyt e/ macr ophage col ony sti nu

dovenygilatipgiackl 3rkike aciiiey Gebhestpalssiohad i 360% et B PI
said |ate acting cytokine is
3-kinase, thereby expanding and inhibiting differentiation of a population of

bone marrow stem cells; and

(b)  harvesting the cells by leukopheresis.

96. A method of inhibiting maturation/differentiation of erythroid
precursor cells for treatment of a B-hemoglobinopathic patient comprising
administering to said patient 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 population of stem cells of said
patient such that 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 method of 96, further comprising the step of administering to



granul ocyte colony stimulating factor. 15 108. A

nmet hod of preservation of undifferentiated stemcells
w@owpioieing providing the undifferentiated st ereTBEI2061/000215

with an effective concentration of a nodul ator of PI

3-kinase activity, said nooul ator sel ected capable of

saic‘l’?&\@érﬁ%tﬁgﬁ(%ﬁg a Pl 3-kinase activity or an expression
! .

a gen encodi ng a Pl 3-kinase of said
undi fferentiated stemcells, wherein said providing
Is perforned in at | east one of the steps of
har9&st i Tige metwdhdf cigim9é, wikmiagaidahodiiator selected capable
undi fferentiated hematopoi etic cells. 109. The met hod
of dewaregilatings PiBdrinase adivityrmydul expoessiwl of aertne capadine a
f .downr equl at i_ng Pl 3-kinase activity or an
PT dkinase 43 %eﬁeﬁfséﬁrog% SONPSAPHIStaE PF: 3- ki nase i s

| ected f th . i.Sti. f;
"o ¢ o B ADHOERIEIRE I  Fded L 2 ) an

hi PSR i) "
Db o o BRHEHE| VA ARGRRS Sttty GTDSRCLCAN Hyridiing
3- kivita® RV, 20044 HA8930REH PIL2RAMO90215 202 (c) a

ri bozyme whi ch specifically cleaves Pl 3-kinase

t r afeg cr i ptrehozynmdiwigcls epecificeldy adetves PF Grkinase transcripts,
el ements; (d) an si RNA nol ecul e capabl e of i nducing
degfosiag Feticaeesanddor piomaeser elemestsii pts; and (e) a

me whi eci.fically c] eaves Pl. 3-ki nase,
trarecriPt éﬁgj}@pﬁ@@é i(fa)f/’*f‘hfé? ﬂ’)ét“;‘gkfl%g ngﬁficfﬁthQQE)f PI 3-
whegein said inhihitor of Pl 3-ki tivity |
vor Lt SRS ABY 0, ©l 11 The method of o al m 109,
wheiegi n 5 aiNia sRdE Aok sgé‘ﬁﬁ%l?y BleavEOPNEagHL QL ﬂrﬁ}%cﬁb‘fs or

3-kinase activity or expression of a gene encoding
3- RNAase is an anti-Pl 3-kinase antibody. 112. The
nmet hod of claim 111, wherein said anti-Pl 3-kinase
anti body is ScFV or Fab. 113. The nmethod of claim
109,  wherei n sai roviding is effected b
99. e}{"he metﬁloéj OF% claim 96, wherein said inhib){tor of PI 3-kinase

activity is Wortmannin or LY294002.

100.  The method of claim 96, 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.

101.  The method of claim 100, wherein said anti-PI 3-kinase antibody
is ScFV 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.
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transiently expressing said anti sense pol ynucl eoti de,

said ribozyne, said si RNA nol ecul e or said DNAzyne
wowdohiorsdar stemcell . 114. The met hod of cl ai m BOPIL2004/000215

wherein said providing is effected by 5 (a) providing

an expressi bl e pol ynucl eokode capabl e of expressing

sai d anti sense pol ynucl eoti de, said ribozyne, said

si RNA nol ecul e or said DNAzyme, and (b) stably

| nt Higr. at Thgnfethcll 6XgaRE 08! i QAiel SOk Al

genoine of a cell, 1o tQg;g%@ﬂ%¥§§$%§¥E{é?ﬁ%§g§%g@8?s3“3
selesggrhiibm e gtown cepibtitg ofistamPlel Bfalkion ABET3 Cobh M Mterfukin-

| 3-kinase gene expression. WO 2004/ 07891

6:i;ﬁmbquyﬂﬂl@@bgﬁgﬂﬂé@m3115. The nethod of clai m 109,

wherein said inhibitor of PI 3-kinase activity is an

expressi bl e pol ynucl eoti de encoding an anti- P

3- kimxas cEv ab. 1 The methqd of claim 108, .
fur qwsaélr elé}oényg}qt}g(#’dn 85[3 Faé{lf’i é&wgwpﬁrgnb é@lﬁseaffm HIR EYOKHISSIS

FLEN#oayd OKi nes. 117. The nethod of claim 116, wherein
saig cytokines are selected 5 fromthe group

consisting of early acting cytokines and |ate acting
cyt okines. 118. The nethod of claim 117, wherein said

earli0p. ackhengpethodowd clasmal(8, selcesinanid Lasatheg @Rkines are
lc%ﬁi sting of stemcell factor, FLT3 |igand,
seleckide fiogyiEhs: 2renp cARY D oif egtanulanytei enleny stikiulating Fictor,
nmethod of claim 117, wherein said early
gra@@??ﬁ%@? ORhee qoionyiﬁi_t*i*@u]l%%& decton syl erpiropeiehisd of
claim 117, wherein said |late acting cytokines are 15
sel ected fromthe group consisting of granul ocyte

collony Sthienetiddof fcaGEO1 03, gmggyﬁ% A6 HIBCT ARS8 ine s

colony stinulating factor an hropoletin.
gramsdod¢yde cofonylsimmldtingg faskar ei n sai d | ate acting cytokine
is granulocyte colony stinmulating factor. 20
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, isolating and

storage of the undifferentiated hematopoietic cells.

109. The method of claim 108, 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 ;



122. The nethod of claim 108, wherein said stemcells

are derived froma source selected fromthe group
weongizing of hematopoietic cells, neural ceP¢CBIL2004/000215

ol i godendrocyte cells, skin cells, hepatic cells,

enbryonal stemcells, nuggle cells, bone cells,

25091 1 ohar arae Sy SERGLTLCRlenes, FITRSSY Ginibs

sai j 4/ 078917
PC???%%%H?%#&%fg%fgﬁé?pge?neg%ég%ar row or peripheral

bl g@d. 334siRNE meidRaikt ehfpdi@ion hddcinghas@iabasdit GISPEM-
cell's are derived from neonatal unbilical cord bl ood.

5 Xkifase Hwasompthpahdf claim 108, further conprising the
step of selecting _a popul ation of stemcells enriched
f o(ehenat BPiame whidhsresificallyicieavesHi Irkinese tishseipts or
12% wherein said selection is affected via io0o CD34.
12¥N#e nethod of claim 108, further conprising the
step of selecting a population of stemcells enriched
for early hematopoietic stein/progenitor cells. 15

128.10Th ' H = X
120Gl gghBF s B s

actibag$s Wadrefiuedhlor §e6pz940000n and stem cell 20 washing
buffers supplenmented with an anount of a nodul ator of
Pl 3-kinase activity, said nodul ator sel ected capabl e
of downregulating a Pl  3-kinase activity or an
expridssildi Brethody@heclaime d@idngvhermn said; wadslaterapgpable of
amount . suffici.ent to.i.nhibit dif.ferentiation of,.a
doviBRelating o Nifither 1l o FKRreStERetlopitbe | hogdins Pl 3-
: : a8 SLEM . | ecti on bags and buffers of
hll%ﬁéé%rgngfﬂgfﬁvﬁer elsgl%{é%(? ‘modul at or capabl e of
downregul ating Pl 3-kinase activity or expression of

112.  The method of claim 111, wherein said anti-PI 3-kinase antibody
1s ScFV or Fab.

113, The method of claim 109, wherein said providing is effected by
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 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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a gene encoding Pl 3-kinase is an inhibitor of PI
3-kinase activity. 30 131. The stein cell collection
whags/oz87 buf fers of claim 130, wherein WO 200B¢OAZ8W7000215

PCT/ 1 L2004/ 000215 205 said inhibitor of Pl 3-Kkinase
activity is Wortmanni n or 2b¥294002. 132. The stem cel |

ol H e, ARARE 06 chh] 866, Rhelhf i PRI R PR adanase
act@ttlyl iy iahyex@iessitlé pOF/RBIRt de 2nd6TE g %glcé}% e%sf%ilﬁa@g : chﬁeor

is an anti-Pl 3-Kkinase anti body.

Falgol | ection bags and buffers of claim 129, further
suppl enented with nutrients and cytokines. s 134. The
st ehhGe el Thecwiethast vb olabragh)8a furtherf Eamprisihg Pravididsthe cells

.wherein said cytokines are selected fromthe group
Wldé\hgﬂgr?egﬁ ﬁ%fwo%ﬂﬁ-y acting cytokines and late acting
cyt oki nes. 135. The stemcell collection bags and
buffers of claim 134, wherein io0 said early acting

cytiaki neghcang t r ro consi.sting of
. stem cel fa(t:l?(g% s@éﬁéllﬁgah@fergﬁt%&?ﬁle Elﬂn%s ate Selected
othtthe ghapodcekisiinand chfll Qeligs ki : -
col |l ection bagsgand blSJ,ffell‘%l g%?) C egi m@{%‘t}%&%é?g}oggﬁé&
said early acting cytokine is FLT3 ligand. 15 137. The
st grp cell collection bags and buffers of claim 134,
wheréi n Th@am@th!odt@ cdeim h§7 cyheleimenid andy seting cotbkifare
sele%{é%n%r OULB consi st i ng. of granul ocyte colony _
St1 oA TR T H B ISIgE i pter pel theter, dgnbl b gend, anterleukin-
6, tisb ng, nd erythropoietin. 20 138. The
stg{rgé gﬁtﬂgagldlqgte?leglﬁﬁ%ggs and buffers of claim 134,

wherein said |late acting cytokine is granul ocyte
colony stinulating factor. 139. An assay for
detléPri Aihagnethetihef clairodyl, ajitseidf satd e§flg'd%ﬁﬁg. cﬁaﬂ e is
,@ctlwty is capable of inhibiting differentiation of
FLTSdigand. t he assay conprising: WO 2004/ 078917
PCT/ 1 L2004/ 000215 206 (a) culturing a popul ati on of
cells capable of differentiating, in the

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 cells, mesenchymal cells, pancreatic cells, chondrocytes and

stroma cells.

123.  The method of claim 122, wherein said stem cells are derived
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presence or absence of said nodul ator of PI 3-Kkinase

activity; and (b) assessing changes in differentiation
wotoogarsditel | s, wherein an increase in differePtT/HI2006000215

as conpared to untreated cells indicates a 5

modul at or of Pl 3-kinase agfivity incapable of

fro %lﬁlﬁlbﬁgwdddfée?f Q}E{l%ﬁél il and whereas a | ack of or

ecrease In as conpared to untreated
cells, indicates a nodulator of Pl 3-kinase activity
capabl e of inhibiting differentiation. 10 140. The

asskf. of The anathd@Df olhien €2, saicdcipetdis stapaRiig a% derived

differentiating are stem or progenitor cells,
fromuisonaiad baibilicaledrd bloodnt i ated cells of a cel I I i ne.

141. The assay of claim 140, wherein said stem or

pr ogenitor cells are 15 earl y hemat opoi eti ¢ and/ or

el o 10t pEIRER i A0S ugtsr soraringa e s disclecting
Th f
: peﬁ‘*&?&%?ﬁ?%‘iﬁ%&ﬁ“@%@ Rt et P om

the group consisting of early acting cytoki nes and
| ate acting cytokines. 144. The assay of cl ai m 140,

wheli26i. n Blad theshahofeldim B1% wiesreiteshifl rseBctidn SO WFkBted via
sel ected fromthe group consisting of hematopoietic

CDédy | s, neural cells, 25 oligodendrocyte cells, skin
cells, hepatic cells, enbryonal stemcells, muscl e
cells, bone cells, nesenchymal cells, pancreatic

celie,, PR ae lﬁrﬁgﬁ&r@l@&g&ﬁéﬁéﬁ%ﬁg%@fﬁa sglycling
© PRSRECATSE Apuole ALEREL o WAL LALSIEIBN oo

cellThe assay of claim 145, wherein said differentiation
markers are selected fromthe group consisting of
CD133, CD34, CD38, CD33, CD14, CD 15, CD3, CD61 and
CD J% 147. A nmethod of ex vivo expanding and
i nHPBi ¢ it Eethiash eheladmi G, ofhascinpemdiselection of affeeted via
s, the method conprising: (a) providing the cells
exX 'vivo with conditions for cell proliferation;

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 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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(b) ex vivo reducing a capacity of said stemcells in
responding to signaling pathways involving a Pl

wWQ@200un0z9¢7 acti vity; thereby ex vivo expandi ng BEITIL2004/000215

inhibiting differentiation of the population of stem
cells. 205

said inhibitor of PI 3-kinase activity is Wortmannin or LY294002.

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

factor, 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:

P
¢
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(a)  culturing a population of cells capable of differentiating, in the

presence or absence of said modulator of PI 3-kinase activity; and

(b)  assessing changes in differentiation of said cells,
wherein 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

carly 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 conmsisting 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:

(@)  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.



