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Lange#bet ahr(y99%0 DFukemia 10 943). Whllc expanding stem cells over a feeder

layer results in vast, substantially endless cell expansion, expanding stem cells

without a feeder layer, in the presence of the early acting cytokines listed above,
results in an elevated degree of differentiation (see controls described in the Examples
section and Leslic NR et al. (Blood (1998) 92: 4798), Petzer AL et al. (1996) J Exp
Med Jun 183: 2551, Kawa Y et al. (2000) Pigment Cell Res 8: 73).
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sel f-renewal (expansion) of henopoietic sten1an$
progenitor cells, both in vivo and in vitro, is

wo 2diffibed by cell differentiation. Di fferep&i‘/ﬁ%bdmodsﬂ
the hematopoietic systeminvolves, anong o
changes, altered expression of surface antigens
(Sieff C, Bicknell D, Caine G Robinson J, Lam G
G HeneesselffredehB Zaxp&s(ana 0 @smopoigie| dterh Whil GeEzeAiRtr | @RY)
expressi.on duri.n ieti dlfferentlatlon

bothgrt 388 28)6 H;dél)‘"o, 1 i tgmﬁc%ﬁ{g%gnt%@} Crtlerpptiation 1n the

hemAVGPHRILR R 6| ifvdN ! Ak OMer ShBe€ Qltbed egﬁréssﬁoh %flsm&ag e
connlttedEProgenltor Cell's are CD34+

Orlt
antigees (SieftCo Bickmell Rorsine, GuRetinsan s hom Gyamav@seﬂww@

cih 1135 88 iy P BT O

BIoodlIﬂOﬂm)ar n rmapaiﬂhmanf mest lof thedrewuaipoatic pl’imbditedtlsteaaws

i fferenti at. fracti
and fls nEdak ConBiisef peokOFiar (RIS GPI AEAPTAGY GLepl are
CD34TIRBIC) wittD 1ae refolty2 Rl ceM(Di10S ) omgey apsantpsRNCahef
t hei r phenotype and delagfd proliferative response to

CD38 41338 mbenoiypeppissy 18 ddef Hh@mgam@we dematgpoietic cells,
+QQ&% ced | gi nd

Whlcg’Dgll%m d c1e(:i I ‘gﬂ |S§11f\€?1te ‘F’zg gﬁg ﬁl?l@@“&% ance Itlgn@apaglh% y
CD3ﬁﬂ:]l§ rcel frpetioatcent®0s Mord loeg-teBh atiture IlmtlaMag gelMYTCI{@pp

urificati tive
pre-GH R B i opetraptet ol hkixpltob/os iR el proBfeié
respond@iengtokihes hmoﬁfphremw@tﬁ CIRAeCDB& telldc ath3$eCDISSAells can

in patjents who received

94: 53
give £is¢ £ @g@@ ?&fv%rkoécl pells vin Mdig) andeBaps m enhamecdriaRsdy tof
repo é‘S@@%’uc&@iﬂaﬁa M, WWagerEye %aﬁ)sl@tl?tﬁm&oﬁ' bic¥ %Klé@? h

he speed of henatopoi 6tic’recovery. In line w
Purifidtercoff pingti yoolaman hematopaiesic ceibaeppaiita af rep@ﬂilasmm amnuﬂ@e en

deﬁc%etﬂp Wﬁc oPh(?c Effzﬁie cqs tS?’bbgA d4§§5§b)5 Moréogrgxgrarer A5& eﬁl“rs THo

tIy pu ed "Wor Ks “oi "éx~ vi vo
recelhaimjtapgoustbl@odsteeimrana;nahmroﬁ,gfm| fudibet @F ICDI4REDB 8 ecells

) arting inoc f ceII whi ch are hlghly enrj ched
mfusaas FPrelat F‘t"glV v@% tﬁ% snephpt Remtopoictiereeavay. 14 Hee wilen
thcsceﬂﬁétlo‘%g fohfated SCHBA-ICERRS cI:lQ%&tv@ fheer? §hoTvnMo hal;e ldete@htiEN,

. Lajtha, Conditions controlling t
levelpplgeliomerasg.i on of haenDp0| etic stemcells | nvitro.

3B s AP thncl g S ki rogiin M bRl

and progenityr cdllis nunodtei snagtmg‘ notubinss, ofl ¢elld, Wkith arel Nighdy eﬁﬁtﬂied
ation of primtjve nurine

okit-Li t
with n"é’ﬁﬁw{'f?g gﬁ@ﬁﬂwg ew?as r‘s’%gé% thegygn pygfier, Agpdghantigensghextsy,
TM.33PBAAeN el Eajth@ Wondifdds e@&nﬂ%ﬂm Ok gablifatiyesn

unman pr|n1t|ve enatoF0|et|cE§rogen|tors and bone
haemepgiptipstemreshe in viron dEelt BhysialetP¥oP1(3bney-336 44 Muendh; r o

M.O.IRAe!@t Q&‘?w%&l d%ko.%dh/ﬂ}l%g:fntcrlgt ohd) nto%g %&%& s%%la&mg

i accl o, i acCli
factofs, a‘Ldl bata, KL aﬁd elbta],lgaadh dn Jth¥V reglﬂdmm ofl prllnﬁm@- farine

hem: (fepg%ggt&é;l ok E%]; ema Or?y 159%r %(9)9 pC ggé 29 \I?er 11%I | 8 Mc uﬁ):trel'cl:{ ©

contact between human primitive hematopoietic progenitors and bone marrow stroma

is not required for long-term in vitro hematopoiesis. Blood, 1992, 79(11): p. 2821-26;
Migliaccio, G., A.R. Migliaccio, M.L. Druzin, P.J. Giardina, K.M. Zsebo, and J. W,

Adamson, Long-term generation of colony-forming cells in liquid culture of CD34+
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cord blood cells in the presence of reconbi nant human
stemcell factor. Blood, 1992. 79(10): p. 2620-27;
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modul ati on of the bal ance between self-renewal 30 and

cultuge eolenydprming selm (IFC-GEHR opoi eti ¢ progenitor cells.
Thﬁ%swm‘?@i %ﬁ/lkf@%‘ﬂg‘iﬁ&@& ettall Brit %dfi e8], Pl 392065
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and differentiation of hematopoietic progenitor cells. These references teach that the
addition of agents that are capable of reducing the cell copper content, along with
early acting cytokines, to CD34+ cell cultures results in long term CD34+ celi

expansion ex-vivo in culture. According to teachings of these references, such agents -
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conditions reducing expression and/or activity of CD38 in said mononuclear
cells; .

conditions reducing capacity of said hematopoietic mononuclear cells in
responding to retinoic acid, retinoids and/or Vitamin D in said mononuclear cells;

conditions reducing capacity of said hematopoietic mononuclear cells in
responding to signaling pathways involving the retinoic acid receptor, the retinoid X

receptor and/or the Vitamin D receptor in said mononuclear cells;
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I on of said hematopoietic stem cel e at
fetmf’lt: H‘éd refigids eadier VigminsPant i al |y i nhi biting
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same time, substantially inhibiting differentiation of said hematopoietic stem cells ex-
vivo; in the manufacture of a medicament for transplanting or implanting said
hematopoietic stem cells to a recipient. ,

A third aspect provides a method of genetically modifying hematopoietic stem
cells with an exogene comprising:

(a) culturing hematopoietic mononuclear cells ex vivo for cell proliferation,

wherein said culturing is performed in a condition selected from the group consisting of:

conditions reducing expression and/or activity of CD38 in said mononuclear

- cells,
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nfCBPHar YEne SREFYE 22/ei EHYPhhTHAS of s4d MeEsRYcHar de
cells, anal og derivative or a nicotinamde or a nicotinam de
anal og netabolite in said nonucl ear cells; .
c?ﬂ‘?&‘it’g‘ilso ﬁ%d%FIB"éi UEPIYY o8 & :%&@?08?1“3% d‘}"é‘f’n“&ﬁﬁf“i Feltsy iy
respondBhg & rétind@asRid, fetif@dschnd AP VIRILG D8 5ai8 @lohSriucRf@elsy| t uri ng

sal d. nononucl ear cells in the presence of ?t | east one
C%}ﬁ itipns, ﬁ%ﬁugp%rcapacny of said hematopoietic mononuclear cells in

responding to signaling pathways involving the retinoic acid receptor, the retinoid X
receptor and/or the Vitamin D receptor in said mononuclear cells;

culturing said mononuclear cells in the presence of nicotinamide, a nicotinamide
analog, a nicotinamide or a nicotinamide analog derivative or a nicotinamide or a
nicotinamide analog metabolite in said mononuclear cells;

conditions reducing an expression and/or activity of PI 3-kinase in said
mononuclear cells; and _

culturing said mononuclear cells in the presence of at least one copper chelator

or chelate,




or chelate, 15 February 2007 4c thereby expandi
popul ati on of said henmatopoietic stemcells, \r/\\j%}%gn%{yzom
the same tinme, substantially inhibiting
differentiation of said hematopoietic stemcells; in
the nmanufacture of a negicament for transplanting said
hemat opoi etic stem cells to the recipient. Afifth
adsedy empanding e ponuleticanaridritcatstopoirtisnyiere welisewihie at el |

same (& E’uﬁfséﬁt&a‘ﬁ? n}mmgralﬁéragla% FERARGRA R LBk o P of

henat opoi etic stem cel fpro pagat ed ‘ex-vivo from
h&hie speplastie q#@ﬁmm;r@@tr ot trprisplagtingtshid hemeltopeielis $¢m an

cells t&fhf @&lpidke amount of an agent, wherein said agent has
an activity selected fromthe %oup consi sting of:

r éd ffihn gsnskp pecyiden e dArrmsrdantable ibginptppaigticCoglB nrepasaéipey
compﬂm@qn Wepa8add pofillhton o&‘ﬁélﬂﬁbﬁbgau‘c‘ %ﬁ%ﬁyprggagaﬁ@d Qc-vwo from

henmat opol etic nononuclear cells in respon | ng
hematonofqtip glopommeleds celisdp thepragenca atangifesfive ampynt pf amags%h

MRRSRMGhie @%enpl%ls b act#vRH sFd-Rd fORRACEbY) QhsiSiRldr:
hemat opoi eti ¢ nononucl ear cells in respondlng 0

s F“&H‘ailg FErepERTRAPEactinin PRGNS i paid mandnpeleas cellsi d
I RABRLD bapadiiof &fid H&hﬁoﬁ&eﬁi@crﬁ&{oﬁﬁcléap dhiRrin feffondhs a6 n

D receptor in said nononuclear cells; and reducing an

retinoig a¢id, aetwpigh andvpy Nitamilp in said megpnysleancalif.nase in sai d

NRIAGHHE bALityCH dafd herBitop¥ARit ShdhofRl@r REABM HeShoRdifPRPEN
chel ator _or chelate, or nicotinam de, a ntoti nan de

signalig apthygays dnyolin the aetingls asid racepion gbe FriReid & Eerentesgnd/or

the Vi@ 1Y 2cptét iR5aiPmBlonRdiédr @flsdmdor a ni cotinam de anal og
- netabolite in_said nononuclear cells; while at the

SEHECIRg Fpeexpreshinsand/or agtivify PHP bkinasadn wid mencaneleacrlsh of

or wheSath §hi tlppm etic stem cells, and a phar maceutical ly
acceptable carrier. A sixth aspect provides an assay

f%FOPQ%"tCQ?IE‘PWrﬁBGI%ﬁé’Fher a transition netal chelate or

CHigbtBhAdeCAHRE MRSk, @hcbtﬂﬁmmetdr%%wtmblﬂﬂe %ﬂ@@ of
differentjatjon of hemat opoi ctic stem cel

derivatiesony? RiEHBRTISE A2 niserieanisaafpgrratidipbiect seid mw&&a@ar
cells; cells in the presence of the transition netal chelate
or chel ator and nonitori ng differentiation of said
1

while 4} thespap e sphstagtiadly iphibiline diffgpentiaipm of spid dematepaislici sigm on

cells, ah@ a bREMERHRAIPR céptabiBRAred 10 non-treated
henmat op0| eti ¢ __nmononucl ear cells, said transition

bt siyth @ppsptapravides ancassayq for fdsteamining rhsther arimpetien metal

chelatedbf TRAKRT catkdsORiblianflE GLIEREES oﬁslndlr%tl&f)ﬁp@ﬁ?éiieﬂt@tmn of
non-treated hematopoi etic nononuclear <cells, or if

- hematqgpictieftean esllstthenssqycompaderg al t oget her, said transition
NBiaHin LR BbSictid bddhbdear Sdifsieihe Bltebéi\t:é &'he transition metal

chelate or chelator and monitoring differentiation of said hematopoietic stem cells,
wherein if differentiation is increased as is compared to non-treated hematopoietic
mononuclear cells, said transition metal chelate induces differentiation, whereas if
differentiation is decreased as is compared to non-treated hematopoietic mononuclear
cells, or if differentiation is absent altogether, said transition metal chelate inhibits
differentiation, |

A seventh aspect provides an assay for identifying an effective hematopoietic
stem cell expansion agent, the assay comprising culturing hematopoietic mononuclear

cells in the presence of a compound selected from the group consisting of:




A seventh aspect provides an assay for identiflyéiFrJ3
ef fective hematopoietic stemcell expansion agen
the assay conprising culturing hematopoietic
nmononucl ear cells in the presence of a conpound
sel ected fromthe grougygonsisting of. 15 February
2007 4d a retinoic acid receptor antagonist;
r erdtingk acikraceterniagonagt agoni st;  vitamin D receptor
ARG eleptod @@ Monishat i nhibits Pl 3-kinase activity;
and a ni coti nam de anal og, a nicotinanide or a
nivitanin Raeqerer amadonigt deri vative or a nicotinam de or a
Nheat hitaisle pRaat A JELAPAld te, and monitoring
expansi on of said hematopoietic stemcells, wherein if
i haicetinsEde awlogs nigptingiife 9o @ mécgteanidy fralogalstivasive ena of
nicotid@dd oP £ FRbARMRLLSoShedhdiRl | S occurs, as conpared to
non-treated hematopol eti ¢ nononucl ear cells, the
and mopisBIg nekppRpicsn o piié dicmpiepoipiiatemperiler wbersineth ineriegsed
expansiorP A¥S QR #d CMt Erere/AMhtib 9P4ld FRRGOhoiRICOUEACR1IE occurs, as
hemat opoi etic stemcells collection/culturing bag

compagsdip herhretcd diepiopoigtis ragropradlqay eellsfbeiprmnspndyis @b gHestie

hematSHRleBE b oIl QiFhisf gERUP consisting of: a retinoic
acid receptor antagonist, a retinoid X receptor

aftp &bt pechmaviies a heptoppietis trm eelbprobectisnceyoing og
suppleRbRed WIAMh A Fe@ivBi miuhN 8fadEordRahP Yeleded inoRt HRAGLES OF
~a nicotinam de anal og derivative or a nicotinam de or
COHSISt_Hﬂgrﬂf'cpti nam de anal og metabolite; or an agent that
| DhdiblcSachll redepkdrNABGoRG! & Wiin¥id 3MHb&hiod URSLIAR Lil/bya
~inhibits cell differentiation of a hematopoietic stem
Vitamigd} yegeplor priagonsh of hemat opoi etic nononucl ear cells. A
NhiBdthaBRIBLS hicBiBWideaRP, £¥icHiniRidXRaNHeSHinRaRY ai1bON
. of hematopoietic stem cells, obtained by the nethod
derivatig ofja picefingmids of paicptinagideasgegmetalite At h aspect
PEOALI et BiniBRE POSlkRlseRERRAr | N hemat opoi etic stem
cells for tra’;%gl antation into a recipient, the

nhigh qubstsavinlysinhigits el differsatinipn @f arhemalompistia pieg cells

fractioflbf Heh@P&ibid thHdnXles 8did, stem cel I's by cul turing
hemat opoi eti ¢ _nononucl ear cells ex vivo for cell

pfiotith asraetingeyideiian eevine exlapded nopyationgpfibgmatgegigtisrstay i n

cells, BtafRM G thi BR119ELESIARM ih iR Rrth§ e OUp consisting of :
reduci ng expression and/or activity of CD38; reducing

aSACEPRErRcGt BPVides § niodt o esheting: herpaoncirtic stam edls| far j n
: transpl%r_ﬁﬁf%ﬁﬁ}% ancf-pgant, E&tﬂxéﬁﬁidccoﬁﬁvﬁgng:r etinoids and/or Vitamn

@ expanding and inhibiting differentiation of said stem cells by culturing

rd@ly 2007

hematopoietic mononuclear cells ex vivo for cell proliferation, wherein said culturing is
performed in a condition selected from the group consisting of:
| reducing expression and/or activity of CD38; .

reducing a capacity of said hematopoietic mononuclear cells in responding to
retinoic acid, retinoids and/or Vitamin D;

reducing capacity of said hematopoietic mononuclear cells in responding to
signaling pathways involving the retinoic acid receptor, the retinoid X receptor and/or
the Vitamin D receptor;

the presence of nicotinamide, a nicotinamide analog, a nicotinamide or a

nicotinamide analog derivative or a nicotinamide or a nicotinamide analog metabolite;




reduci ng capacity of said hematopoietic rmnonuglge%;uaryzom

cells in responding to signaling pathways involvin
the retinoic acid receptor, the retinoid X receptor
and/or the Vitamin D receptor; the presence of
ni cotinam de, a nicotinagide anal og, a nicotinam de or
a nicotinam de anal og derivative or a nicotinam de or
a medoing pa ripdesiamalday actvitg bOPli 3Hepasg;or Febr uary 2007 4e
reguc |ty of PI 3-kinase,
or%%qh%ﬁg%gggﬁ§%§%§c§§>ﬁ&% F Oﬁélcgpper chel ator or
C hélicabe cxpanding b ypopuigndif sgd hermpuppolictitc isiom oofls, sduld at the
. - X - | .
sam B, Pl T ek Byt P ek Wi el
1ﬂwh@ﬂatop0|et|c stemcells ex- vivo; and (b) |solat|ng
saiqd - Iy f J: stem
ool PPHRAREFE il biRRb AR UEIBLRILELIR T
i n Dasclsaeddhangin kretire nespefi atives agessmin @eﬂahchngahwmppletm steine
i I
censygg@[{uqme%eﬁ& oPRER ML ARTeal Sl %ra&{oﬁ%&c% Blbod arfbd iR
the pser pﬁ lnerier groceds reemclmenéxmm@gd fos @k}fand@n Eelfaddnewed)
ai ned
pOP IQHA %t an dp(?%'w{g ﬁg}laére ﬁﬁ@éﬁﬁéd ped H‘?’%QEJ t*]%irr ]?%er IS a
rreDh?@k@S@f farghey | 5 oaerstndi oy ea—vp'gp gkpendion @fpopulatlon of

LSRRG DHER G2 i AT o i

Ofthhbmmmtleﬁtp@csltmﬁvo’el I's ex-vivo. In one embodinent,

thg, netho di hemat ti
R A S A R R
monhmmwaoaais ethich compifict 4 @ejoERABN oftRdinaAoBidhe bothmatticels of

hemat o&m etl?]tscth stem and progenitor cells, with ex-vivo

and 2 gypoy fEactionpffiematonaieticitcra rud, prpgeniter pellsy with ey subiyre

conditiths Bt kfoSaIE prbhﬁﬁtloﬁ %ﬁ%rﬁzdgﬁg' e Aine, SP &R an
and/or activity o ereby expandi’ng a

expression| ard/em aefivityh ef @R%at thgrohye texpansiingma c popubationhed ¢heat

tially inhibiti
hem%gf?ét;ﬁgﬁs eltrﬁa?(}% 15 g‘?’ M hg[ @?m%éﬂ‘ﬁmt&er c "'E’%Q?Hagél npibiting
dlffewnﬂmoncnf thiccheh@topoieticyste Eells e¥2vg 004/ 016731
+ PCT/1L2003/ 000681 5 In another enbodi-nent the nethod
conpri ses providing the hematopoietic nononucl ear
cells with ex-vivo culture conditions for ex-vivo cell
- proliferation and, at the same tine, for reducing a
capacity of the hematopoietic nononuclear cells in
responding to retinoic acid, retinoids and/or Vitamn
D, thereby expanding the 5 popul ation of the
hemat opoi etic stemcells while at the sane tine,
substantial ly
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inhibiting differentiation of the stemcells %F‘éb}{;%ryzom

In still another enbodi nent the nmethod conpris

provi di ng the hemat opoi etic nononuclear cells with
woz&?&fo?’&%ﬁo cul ture conditions for ex-vivo CFH.HL 003(000st

proli1teration and, at the sanme tine, for re ng a

capacity of the hematopoi eti c nononucl ear cel I s into

responding to signaling pathways involving the

I elni 4RiHer ambedineRehé Methol Edohideibed- ploviliag AR REmASHbIADIE
Vitam n D receptor, thereby expandi ng the popul ation

mongyfuciepgcel h&fﬁh@wv eiluge f@flélﬁp%%ﬁor &-virn ¢edl pagliferpigoncangeat
the %ngamé q@ﬁ%@ﬂ&h@hlcxpacw loPile mnatayofetle m&mieapeenef nt he

emat opoi etic stemcells ex-vivo. In yet another
respendingd foneatinoic asidygttirsdiscandfor i %@smprla,vtm:ehg eoih@dmg the
nonu cells wt
poruFFR FERE Shlfiopdliic PR it SRe ST il FrfepbeBiony o
mhllﬂﬂing dlffﬁcmanm bf theesterh o¢llsleedivgl Ng a capacu ty of the

poi eti c non cells in sp nding to..

Si féﬁaﬁw@heﬁawh V%“tM%WWFS%PWV E‘H@? tic
mon&iiﬂ%ﬁ‘xcﬂeﬁﬂw(th %x-wp@ Bl doRttiBhs foh@c.nwf%mif&aﬁ& AHem

cells while at the same time, substantially
the sapRi thng, ifpigredudingep earaciy o6 theoliematpoistienaonpsiclear eclistis m

S,.&
resPcﬁl‘a[rx'ﬁ to %ﬁéh}{é’ gg@ rsoz\r}?& }n'ﬁg t?sﬂ?édﬁﬁfc a%{@%@éd@“‘reunbﬁex
recepiom endia éfauamoe IO seaapth ﬁrz:reby eapaxiinguthe pxmul:htmn arfisthé or
fera ion and, at t

heRiee oG el e, Ay 5 (AR, BB LY inhiDiing

diffeftniftion R e hem@opdetitisteat deNaBi-figp.anal og derivative or a
ni coti nam de or_a nicotinam de_  anal og netabolite,

t HawetApothenembndieent the medodicamprises roviding thehemagpsicsici ¢
monéntuﬁﬁgl ; C&lid §r1tl§§¥ Wg& b cohfiGoRadE %AI L cell ?P{ﬁﬁ'@r@t{&' Ak X

I Ng rentiation of opoletic ‘stem

" the sambltsneiewredmmg a cmwblqanbtﬂcehemmpox&hmmonwhw oadls hod

resp Qe oG ETBS FUVAYS INEUPE EbriahtirbnGorby BRI Galtel |

populﬂtleh idfah@he@opiidlic @ém ckite whdeBt theNBameithé] fubfhntially
-ki nase inhibitor, thereby expandi ng the popul ation

‘“h‘be“gtq'@’r enfiafiemefithadismaiopeictis siem cellsiesVivRi | e at the sane
Ui e 5t URSSRG 'eﬂﬁbbdﬁm’e@h | ik ¢ inRhoqd 'chnﬁﬁ&Et :p % g{he the

hemat opoi etic stemcells ex-vivo. In stil
hemagoriotetic raontopucléne aekls Mt onyr cgbise pomimomis rfor eheivo cell

to C nucle r ce vivo culture
proifiERh R & 1 T8 G o nieSinamdh o bl il 'h
mcotﬁﬁﬁl{ﬂeQﬂ: @ hicbtiféatiod ks‘&ﬂ%ﬂeﬂ%ﬁS br 8 nicpilmidessratiiefingéhide at

sanme t.i one or npre copﬁer chelator(s% or

anal%dﬁifébohtee H@F@’v é{%ﬁpdms H@rl@syla%%%fﬁaff gnatenoietis stemugsiion
whllé)flt thb Qahié R ORBbE tally SISl rcMMtlof lthe AdABitcHRR

time, substantially |nh| biting differentiation of the
Stemhellmo'p’al etic stemcells ex-vivo.

In yet another embodiment, the method comprises providing the hematopoietic
mononuclear cells with ex-vivo culture conditions for ex-vivo cell proliferation and, at
the same time, with a PI 3-kinase inhibitor, thereby expanding the population of the
hematopoietic stem cells while at the same time, substantially inhibiting
differentiation of the hematopoietic stem cells ex-vivo.

In still another embodiment, the method comprises providing the

hematopoietic mononuclear cells with ex-vive culture conditions for ex-vive cell

i
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Di scl osed yet further are ex-vivo expanded po
of hematopoietic stem cells, obtained by thepl%l}ae%bgjzom

descri bed herei nabove. A nethod of henat opoietic cells
tr lantation or inplantation is further disclosed
Wozqqgﬁlgfaﬁ 10 In one enbodi nent, the met hod PEHNPPIORESY 4)
obt ai ni ng hemat opoi eti c rmnonucl ear cells which
conprise a major fraction of hematopoietic committed
1ifeliof an@dl r nd
P o t‘ieeﬁ"%%rﬁ%“ oy o SSBbARALEIE) 5 bt
Cheldﬁﬁaﬂl@mb&‘ etpacding therpopiletiom of ¢hd lsemamphleax smmlla:whlﬂtmte
' i ferati at. th
the o0 Binby GBSl ipiing i irbiuBPL s BPgpoBiet s S0F 15
ex-vitd)38, thereby expanding a popul ation of the
hermtopm etijc stemcells, while at the sane tine,

subselas iva) Tupthen At BY-vive gxmmlqderroew@ﬁl%.oé heptopgigtic stem

cells, b8 BY LR Ihdthls @BRcHBId IRreditbodd, VO; and (c¢)
‘transplanting or inplanting the hemat opoietic stem

cehmethod of hgmptapaictic cqlly taisnlanation s onpiasktion tip durther
discld¥Bd @gn.conpri ses (a) obtaining hematopoietic

mononucl ear cells which conprise a major fraction of

hdRaenspembediventorikd tmespdc edrprise (a)anblaiming hematppadetici on

s | r

moncgfuclg:?rr@f ‘?fﬁcﬁ%rﬁ%}'f’s%%%ﬁ&dfha%g %flrohgl}ng °|p§%*‘r% %g?!ls
and z elitcs fmcltt(fn ekhenarapotatit tstefreargiopiogenitemneells Cﬂ‘once|donor (b)

lgrollferatlon and, at the sane tinme, for rgducm ﬁ
proviging b hejnaigpoietiemAnemElsp ikt Wi exmvasinlfureesndibans for ge

prohfe%ﬁﬁ’ e, the sifd iRl Forasdling! &1 LipRdsSidn aa'ﬂ@/op betidyam N
t her eby expandlng a populatlon of the

CD3&éhﬁ@hYpW@tdmg & penwlation [of the\tiematepeittiq stemaghe whllpr@t thes
sameﬁt@?%%@dé%h@%lﬂy%nﬁlpﬁ ng 'dﬁ*eFegm%;?nvo?\r}%rﬁ 'n%‘, p%@)tlc stem cells ex-
vivo; tanda@ phspititing oo implagtingnlid h’(bg'latobelemmﬁ O¢lly te b iréipidnem
cel | 0 a rec ient. In yet another enpbodi ment, . the
et 88 WoriphodERant, ths mathod ARG SR CbigBIRg hematopoietic
mondRAe¢ekSRAiclE rhptisk 'n%br(fﬁl?ﬂﬁfn' o?%eﬁaﬁﬁd)@t'ic éd’rrﬂﬁltttéd)&llgf
hemat opoi etic commtted cell and a mnor fraction of
and havingr digeriont ofchesratoppigticl stomoagd mrogﬁnltqreddls fforroadanatpdr ;

prov:éilﬁ% Hﬁ:%eﬂlﬁt% 61%(!@{)1&({1@01%%%@ gn %U];vg nﬂgﬁ% %gr%lte 16Hs 1ot ceil

proliforatibn faed, ait itkon samd tima fdrh‘ﬁdt&ﬂl@ea tdpatity bDthe Rehwtdpogetia
of the, hemat opoietjic  mononuclear cells in

mon%@ =3 BI?ISH@ responding g REHR A, wtigerds anedpr aéfamlps thereby
expaﬂdmgoll ‘f)bﬁlﬂatfoheof ﬂh@tﬂeﬁﬁf ?m@tﬁ! e OCRR While Elh @'b ke X

receptor and/ or the amn D receptor ere
substandighy, mhgbrtmcoivffermm@mﬂtmmlopp@m St:mmens 80063 gch(c)

tranqugﬁ‘?@g g} f\%ﬁlﬁ%ﬂﬂ%ﬁ@ lhﬁ)&é&itg bick ctslle%e eﬂse ga F ﬁﬁ{ IaICI )S/t em
[ ﬂnhyeh labéthg ecbbdieren theaidtiod COlfl‘lpli*J&he (d) ebrimnohaiatapotiem
ransp

t | a
monoffeR el corfioe ¢ Eios GhednAS ﬁ%ﬂ%t@%l%{cé?fnrpmwf%f o)
and a2MPbh GhctRART deARRBhoichid GeTBhA PeboE MR e AE FoPd daREALY NY

providing the hematopoietic mononuclear cells with ex-vivo culture conditions for cell

proliferation and, at the same time, for reducing a capacity of the hematopoietic
mononuclear cells in responding to responding to signaling pathways involving the

retinoic acid receptor, the retinoid X receptor and/or the Vitamin D receptor, thereby
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5 hemat opoi eti ¢ nononucl ear cells which conpri
mej or fraction of henmatopoietic conmtted cel e% élry2007_
m nor fraction of henmatopoietic stemand pr ogenl tor

wo 26@llg83f rom a donor; (b) providing the hgpn &”ﬁkk’?
mononucl ear cells with ex-vivo culture conditions for
cell proliferation and, at the same tine, for reduci ng
a capacity of the hematbpm eti ¢ nononucl ear cells in

* expandis g enpopuiptivn of eISepbmhtaf;:gndno s&dng raalsL Rhilp at Idmsamelﬁ)nc

k b di t
subsl e G S TeBt En of Ly e Paste i 65 PHE Ak
trandﬁlaﬁﬁ‘ng SURlapinig 8¢ hetnatdpBielE sk Geld tf)%‘?&'ﬁﬁédt ation of the

emat opoi etic stemcells ex-vivo; and (c)
t riinsyillaropther opmbodimeaht |ﬂi*f-‘g mptgod hmrwpaau @) i ebtainig
. {
e R S AR L i e
commisted eakts andra roigbd feactivi mﬂhemampmemestan e progehitadellofromf

h d..cel nd ' fract f
a dofgn IO BRI B vE T ReloRoyF BipaRnusBR oo Wf el s
conditibhs faarce)l ipedlifgtatidaaand.eeticofaie @inteC fdm&tﬁiamg la@Rpacit® lof e

wth ex-vivo culture conditions for cel
hemgipRatisticapenombticas eflsvip trwmdewt forfasponding fo ﬁgt@evg pathyers

t
mvoﬁr'ﬂ'@ PR3 16hatd, GRIrbYY t ity s ?o pulhfoRd 6@@@@%&%&&95&?109

derivative or a n| or a nicotina ana
cellsprpwlilsolat tthe samet hme,ebn}bsmwkyd iinhgbitingy clffdrertiaion @f thae

 hem GRS | GiuP | AU il (' fiabnenl oF “fblankihE Stne
hemit@ﬁﬁdtmrmlrredelll@tosdmiplel&l I's ex-vivo; and (c)

r i ng, o |nplant|n t he, hematopmetlc stem
eﬁ%wg '%EQ%P% e prhed qniprijes (2LeRiiMES hemgiersisient |
mon&l{il@leﬂieéelil@ dhih 'Eﬁfhb%% rﬁﬁa r fAR1iGH Of ichardp6IRBE QRthiRkd Cells

nononucl ear cel conprlse a nmyj or fraction of
and p@nperolsastien of hemzﬁomﬁmsmre@dcmbg@ntambﬂa frormedofigra )i on

prov@gnﬁl}ﬁgﬁ%ﬁ%%ﬂo?ghc &8ﬁ$n%gllte%%glnsowﬁl?gt%zgoo(f'ultupe cogdltlﬁn%lr}:(]éracrcll

provi I C nbhonuc
prolifeedtion audt mtbmwtmamm;l ufcetmamidiﬁtl aldle) 2 ﬁmﬁtlmﬁiide or a

. proliferation and with a Pl 3-ki.nase | ito
nicof e yds e g JALH T MRS DA BT e Re AEAIS BRBbas. o
thereby Qﬂ%ﬁlﬁinlgsa; pd@eﬁlah@n af thk hﬁmﬁt@ﬁﬁeﬁd fEn AHDRAR L fle! Yme

inhibitin ferentiation t he henatop0|et|c stem
time csubstantially w%ﬂnaﬁ&er@@t)atlpm ah ﬁplbamatonglehcastem rcellheteng i ng

o BTN TRl e ST L S V0
hdmastdpojeet amtherm:mbmimieﬁa rthe e(héthodl\:hjo&lprzms nH) | Sktaifing
'or.fract| n of opoi eti ¢ co tted.cells ,and a
hemfotiogtic Bttt s GRSt PRkt o FOMOISF
conuiifted Sells a8 FnifsHHREHon(d? herﬁ&oﬁﬁ&fc%&&ﬁ’aﬁ%&genm cells from
2004/ 016731 PCT/1L2003/ 000681 8 provid

a dopasimdbloprovisingc thadiseniopietier menoruglegy edlls e\xﬂh/ ww ve wlutttuc e
condﬁfaﬂgfotr fcgip ﬁrroilgta&%ﬁ éllu{ “/Rﬁ 9 lPt § ?(fn%el Rhibft thex%{)% E:ﬂ:%m? ygg f

e expression and/
populahoﬁz ‘of khen hematopdiatic eshqm eeap;a radiila Git ahepeymd Hine,Osubsthntiatie
1nh1bt}1nnadtt9§‘entla%lon oistﬁ ehematopoi%tlc é’&% Lsglsqatx-vsvg;eand (c) transplanting
or implanting the hematopoietic stem cells to a recipient.

In yet another embodiment, the method comprises (a) obtaining hematopoietic

mononuclear cells which comprise a major fraction of hematopoietic committed cells

and a minor fraction of hematopoietic stem and progenitor cells from a donor; (b)
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same tinme, substantially inhibiting differentiat
the hemat opoietic stemcells ex 5 vivo; and (c ])%}ha%{luﬁ)y2007
transplanting or inplanting the henmatopoietic stem
toareC|p|ent In still yet anot h t,
WOZ@E)OIG?res}t hod conprises (a) obtaining hema?gpm e@%hd}@ﬁ
nmononucl ear cells which conprise a major fraction of
hemat opoi etic committeds cells and a m nor fraction of
proviigERhORPI@Ipofetis HRANbALRaREIORITh Yive 8litufe doh@fbnsFokRNor ;

b). providing the hematopoi etic nononuclear cells wth
proligsgatipn pad, @tithe sanae tirpe, dorveucing e expressien andfsr agtivity oERY on
kmas%nﬁlle %/Qx H@ingﬁ #3951&10%%%11%% ?fcﬂﬁgﬁ c%ﬁ %h?lle%l fies) -

there xpan a population 4 op0| etic
sarne*mtice rsulastdntigl]y mhlbltmg i fiardngiatsomnad the henmtol:mwbs stamt detld bxy

. in Ltin ifferentiatjon of the hematopoi etic stem
vivos g3 (<) iagepEhnfig or b e enfitopbitfe R SR B atcimietng
tha benaieopmodel GribbiMete! the hmethed r@eipdk&n{a) dheinMgnor
and_the recipient in the nethods above can be a single -

hematopgisfic queponesiear icdlsayigtepenrise Adpajpraiantion of Bemaenistice,

 comfie@OANRSHE a%na&%e%whgmategdlwccgw §nd pradRANsRleANtGh! ©

hemat opol etic cell preparations are al'so disclosed
a dohar éb)nprovidingnibe dehetdporett monortuckars pttlhnwﬂb leg-vivo culture
tj. el |l preparation of th
conditRGE 1o Bl Sl st anc o BT e Eopm g R G thetate(o),
thereBe kRpaa0AE &l popubtiGoC @k I8matdfoiticoféad Aty wihile ut W @M
hemat opoi et ¢ nononucl ear cells which conprise, prior

time,t %9&51&% inbgbiting difpreptiation f fhsrhepptopeifte 85@%9& @-vivo;
and @ﬁ%@%@ﬂg?gggaﬁﬁ th@ 5}8[501&[0 | Qs B a 1B g?lt opoi etic

Stem Ito In e presence
efTheclonerand thsuedipierdt uatine mgmds ab‘om: canggbLecsingle mdmdual or
S nd/ or, acti Vi ile at the sane

aitte@FpEORLAE F e Rhte Aokt Bonogittrip Vil 2t i onof

S AirdhsAAE QRBIaRbbietiSde PrdpRialidns afiMhoRiscsed herein.

pharmaceutically acceptable carrier. In another

enbodi ment, a transpl antabl e hemat opoi etic cell

prig o2be th 0 LiSES

R R R e
presept opyagfamecbngxises o eXpapdednpopatatpoiof thematvpoiotiu stemacelis

cel 's whi C rise.. prior to pansi on, a naj or
propdgfist o dfont SRR b Sis Har sty eFISEPEER Fonarh Befifor
expaiisichCh nffor Gifact hematopsietR dofiinfi @13l Bndd AR fh@lon of

il ' @factdd dT opsiétRid éin '

cells, in the presence of an effective_ anmount of an
hemaigpaichic sigm and BIREFHEPT 5iiselptherescars ofifacdiectiyspmppatpiar py

ageriti?’i;(lmtfI éﬁﬁ H’S&kkl%ssﬂ}n dnllfor & Jf'(ff?i PR LR Rl @l ime,

ferentiation oOf sal “hemat opoi et ¢ stem
substm;ialls mhahdlng differzntintion uifi saad |hgmatpeiptialstesn calls; iand. a15
ha F%Qrt%%g% 2%{37& V\DCZOO4/ 016731 PCT/1L2003/000681 9 1In
PhaTgaePy RS nent, a transpl ant abl e

hamraiicliefibbdimest & tr@ﬂspmﬂtaa& iheratepoictich R PrepaRibn of the
i nventjon conprises an,expanded popul ati on_ of
preseple HEPH108i ©MPEISES; #heyended PoppigHom of dgmatepeiptitostemorplls

pmpa?mwmb Gtonf haRIEHOkEL %m&%':éaﬁ R GhCIF O8RSk Spride i OF

expansion, a major fraction of hematopmetlc committed cells and a minor fraction of
hematopeietic stem and progenitor cells, in the presence of an effective amount of an
agent for reducing. an expression and/or activity of PI 3-kinase, while at the same
time, substantially inhibiting differentiation of said hemﬁtopoictic stem cells, and a

pharmaceutically acceptable carrier.
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expansion, a major fraction of hematopoietic
cells and a mnor fraction of 5 henatopoietic 'St emmgﬁgzom
progenitor cells, in the presence of an effective
wozﬁﬂ]@ﬁk% of ~an agent, the agent reducing ?cﬁﬁﬂ&fé)oﬁo‘éspf
the henat opoi eti c mononucl ear cells in Tresponding to
retinoic acid, retinoids and/or Vitamn D, while at
the sane tine, substantally inhibiting
di Infseill @amdtheaeinbodinknts & iransplantablo pahabpoietis cell@pirhtion idnd
a har maceut i caII acceptable carrier. 10 Jn yet
the EResgRH TR GG &0 GXDRPdEA SBMAORIT ETHIRAISIS OISR fels
prop&gtdd RLBRNEGH Ih@rﬁateﬁmedchﬁoxmnsa@amtcezlzsnwﬁeﬁ cORpSRMBidrS6'S
an expanded popul ati on of henat opoi etic stem cells
expapyigfh aged @ diagiien efhsmptoppieticespatraified eells sndmanmy éqa@ta:rn of
hemiBcidic SRt b EROTRAACE Sl D1l 8L pleCkne SRR ool i
agenf,rthe tagem reducingeawapmpay affi the shbmampmmcpmogcemclbm cajlelih s,

resrlite 3 AU R s g ion A YUABe T A B

subsﬂﬁﬁmpUEﬂ)angC&Eﬂe&nhﬂlonr 65 AN dienfit sleﬁ@tstdaolo@u@cmﬂ a
receptor, retinoid X receptor and/or Vitamn D

pharmggcey Yac%thb{%Fﬁrﬁff while at the sane tine,
sqh%laﬁﬁthe} én\fbddﬁli‘énl?'att'rdﬁgpl%ilﬁ@ﬁe%ﬁ%d deli® eelpg,regﬁt%n of
hemat opoi etic stemcel[s, r maceut
the pmsepuvebtien eomprisesran dxparsled pd)pumtuon héhermmmhtmmn ceéis

spl.ant h t. 0|et| ce I aration of
propde B3R % BB PRIAR b GE i LR RERABM RS o 4 o
expann“omamfmjc@ gattdn of lsihawpsietid Smnjfitta@lrairlh Moy frdeioho®m
mat.opoi eti.c nononucl ear cells whjch _copprise, prior
hem%“&(ﬂﬂélﬁ ,5‘&??@6 Rroggnifes ceifs, mthe pregsRocAt aﬁéﬁ%%'ﬁam@wt@ an
agenf; QHTabdie GediRink Sa RAShcRy BF MR hEMAGTHIRR RbnonlEER! QRLIiRT 1 C
stem and progenitor cells, in the presence of an
respagfling de irefinoigragidnecaptor axgtingid, éhtecepttqr@nélge mtameunmemtoa

mgna%ﬁga&hxzé’ af htet J&& h@;ﬂgt ﬁ%géﬁfsalhg II'"I‘FQ 1R u% v{ﬁ P?ntlgt? ?% szp d 25

hemdmmm:nc sminstﬂmnncbd pharmavbtzaly zngeptabi[efcfaﬁteent iation of

sgi d.hemgt opoj eLi c stem cel | and a. pha ceutlcally

= b & Gs? Bt Famos Gratle iapoishp Gl rerFatio of
the phds@f SBleAiinddPrifa HatRPRIded p&pubBbh opﬁe%%p'éién@ Rt cellt he

present invention conprises an exgan ed "popul ati on of
PfOP%éWéteéﬁb’P dont hematpnodatic| onog@lasr eplsgetieticanpristvRior tom
expeugb? Q‘Bﬁf %Ia&t‘l:onrﬁ?rﬁgrﬂytﬁbfg&[c oo Tlllrllf?ed\'g@t]scagldc Ok f}gctlog ¢ i‘ or
0 éxpansion, a najor-trac enratoo Ic
hematapoieiit tied aoé progemtod calsmnrthxr préseacztofan efféctwla anmiapdaet | C

stem an ogeni tor cell n the, presence .of an .
seenty 0 g0 SRR Gkt of e hmasepist dROTeBHA HEg ibup
respoR@ig it PI Bdtirdfe 6 V%mﬂmecae theZsamb Gitel SAdSIaREalRNARIBENg @

15 February 200 2004/ 016731 PCT/ 1L2003 000651 10
differgptiagion wéﬁalaée@atOQOIﬁm% gemreahs, ded armhparpcersicripasicorialind a
camé}l cotinam de or a nicotinanm de anal og netabolite,

ile at the sane tine, substantially inhibiting
In yet another embodiment, a transplantable hematopoietic cell preparation of

the present invention comprises an expanded population of hematopoietic stem cells
propagated ex-vivo from hematopoietic mononuclear cells which comprise, prior.to
expansion, a major fraction of hematopoietic committed cells and a minor fraction of
“hematopoietic stem and progenitor cells, in the presence of an effective amount of an

agent selected from the group consisting of nicotinamide, a nicotinamide analog, a
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differentiation of said hematopoietic stemce
a pharmaceutically acceptable carrier. 5 1In s#ﬁFﬁﬁhmy2007
anot her enbodi nent, a transpl antabl e hemat opoietic
wo 2608h167Ar epar ation of t he present inventlggnﬁgwﬁ Pﬁﬁf
an expanded popul ati on of hematopoietic s en1ce
propagat ed ex-vivo from hemat opoi eti ¢ nononucl ear
cell's which conprise, pribor to expansion, a major
nicofifaidd Wt af nkRERRLAROIRIIDE damEtivet @l C£ldisotinnfida & ROT
fraction_of hematopoietic stemand progenitor cells,
nicotirnydes appleg axtabolie, while st dha paee sy subsintigllyr mhibyting
S €,
AifeSRRANGE So bt o oo, e PRTRalTENlY acccpighc
cmﬁhenatopoietic stemcells, and a pharmaceutically
abI canri.er. 0
R e T G R T T T
the ppéseReiftentioy efthprives HOERPandeE poRlatisRAMEREoPsIBIY sidrh éllsof
top0|e£|c stemcells praopagated ex-viva fraom

he
P“’Wﬁé@t%ﬁ’b‘f"e rprp heBRGAYEcempPnantlea artly which sRpsprise Prigh Por
exPaﬁs%nlﬁ n?éj&%%h@t{‘of RenfiRpoiktid mﬁﬁme@ cdlis aH& H%lﬁ’d?%@ﬁdncof
onmttéd cells and a m nor fraction of henatopoietic
hem@@;@mtlarsttnpa@gemgqnmr aslls, |im theipreseips of ap sfndiye @mount of 2

P13 S SS P P oy e QR R Fmg AR B ©°

said Edﬂlmdrﬁbmm atehycells, ahd DpHarmigealichhsaebithlié tafierof sai d
hemat opoi etic,  stemcells, and a pharnaceutically
adB ¥pt Hwther embodiment, az@anﬁplm%laerwomwpw greparation of

the phé%ﬂi RNRBER MR e i &ﬁfe&i gbamioﬁ of 'h@m%gm@cm bRt
he met hod conprises t'al ni ng hematopoi etic

prox)&mt‘ré resofvealrorg éllcmgtovmtmhn@rmnmlcas aehs which rcompasr;t puer tof

expa%%.ﬁa% Arei%alc{éo Lot het g{r(]) pr gégogrwl t%{r]ce(l:la a}r{ég ?np%ofr%rfr%gtﬁo'nool} of

hematt@olefic @ﬁéin. an(l prog@iitap bedld) idlitiRcprésbrvelvf amb Bgvtiveimheunt of one
nononucl ear Il's with ex-vivo culture conditions for

or merg Cpppep gl ﬁ‘t?réSSé’f F?Hi‘efa‘imlate&?t) WiHE & dheesapmetigne, pybstantially

mhlbftf% l%ﬁﬁﬁ@nt?{ﬁoﬁ)&?rsﬁﬁq{eﬁﬁtoﬁ&gﬁcoEtcﬁcée'lly' dnd :9%3 harfnateqticall
héreby expandi ng a popul ati on of the hefat opoi ef |

' acce;gabéwa:mn s, while at the. sanme tinme, substantially

tin dlfferent| topoi etic stem
ocll do c‘} R tﬁﬁr%%tl(ggdossgl %égﬁﬂﬁatopm etic stem
ceIIs to the reci pient. 30 In anot her enbodi nent the
2§thod cgggélses (a) @H alnlng henatop0|et|c
hotitsc erapdipeny dheyRedad comprisese (1l AblpiBgr baeaiongietips
monda@a@at&em ®hick coRPRE: b h@for Fattich of%@glat%f)fﬂ:{‘@&orﬁrﬁlﬁ% tg of

hemat OpOI etic stem and” progenitor ce froma
and armaigppfragtion of bymatppaintic cstenganﬂrpeogecemmoobsafremlaoreclplent (b)

prov1§§€ ﬂ‘[&%‘%lﬂgg‘g?%g# J’)I/'lg%%{‘ﬁg)gar\eﬁ%l ﬁ'l?ﬁxé’il y iture COH&j IOHS or cefl or

prolif@ﬁiréﬂ la2d) O3/ thO @Afd tilnk, foprreducingraat éxpressiosl andlbr Bty e

for redu0|n g capacity of the hematopoieti
CD38%, shecthy Raardings? paptiafion g ﬁeﬁaw@p?l%twr%@mﬁsﬂsew He gt the

same tiile] SPLES MY FAHIGiting difEHemtiabon bABE B@Matopoietic stem cells; and
(c) transplanting said hematopoietic stem cells to the recipient.

In another embodiment the method comprises (a) obtaining hematopoietic
mononuclear cells which comprise a major fraction of hematopoietic committed cells
and a minor fraction of hematopoictic stem and progenitor cells from a recipient; (b)

providing the hematopoietic mononuclear cells with ex-vive culture conditions for cell
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expandi ng a popul ation of the stemcells, ther
expandi ng a popul ati on of the henatopoietic sﬁ%bmaryzom
cells, while at the sane tine, substantially

WOZ&OQB*G%I“ ng 5 differentiation of the hemal, }&)6 tem
,; and (c) transplanting said hematop0| e I'c stem
cells to the recipient. In still another enbodi nent

the met hod conprises (a)iobtaining hematopoietic

proliféitRN UdEal the hing tikkY, G6r FARdg & LapaciRic®lthd hadtbgyetiof
hemat opol eti c conmitted cells and a mnor fraction of

monwew’ﬁﬂwaﬁ i iegpogdingioygtingle edd etingids @aad/prsVitangmby thereby
\V/

LR Bkiartilr 1R BERAML Mrld R i o

hemzte;bdletwp stehi fagtst while aatd thatsamhe tisgmesubstangially omhibiting

et $52 6 Rkl S5, TR . 8. o ROBRLSHE™

hemzttb@letetstenﬂdeﬁs achdrecipfiept or and/ or the retinoid X
rece or nd%@r the Vitamn D receptar, thereby

exipd adimagtithimethod epmnrisesp LRt iipg Eerg%t%nwetw
mon&ﬁ!cie% ce'ﬁ@ WhRh3bmpie a frdcHBn of%nﬁ%&kﬁé‘édnﬂﬂt&{d cells

i nhibiting dlfferentla ion of the hematopoietic stem
and g giifjos fra@tmn of @ymatppcaﬁemm@ndigommt@r delnfrooporapient; € em

provEf{lfe 151 B 0oy e Y 2008 D TRAGIT e

prohfamtmn i eatr the ashins tinde, €dr mdmntg sea;aacrmjo@ nthe hawdiopoietiof
ietic corrmttedi:1 n nqr fractlog of
WB&% § il FSPedL e %Bﬁ?‘f’% ‘EQ‘Y“%% fhetetinpic aci
recept&C hikl/@Nthe retoid X @éa@ﬁbﬂ lafdolt BR VEMBOB%@&&M thereb¥'
mononucl ear cells with ex-vivo culture conditions Tor

expagding a mﬂpelatwre phtheckematapoictie stemecdlsnwhile pithefsome time,
substraﬁtlga‘lﬂg' (ibfin %eht!(atfaﬂ N fhe NI tt(ﬂ)%%k gtét&n dERd0 CL o

I'n re |ng to signaling pathways 1nvo
transﬁlakmnmd hemhtepmla}c stmq:rdtln@b thgregipfeapul ati on of the
oj.etic stem

t
o S ESTRATET pochons P mehod Prisfed L ghaimag Fertaygpotei

mondiRIIBAIRNE Rhick cohiiibe @ohdj &t fradfich dfthematdBoikficddbhithiaed taNg
said hematopoietic stemcells to the recipient. In

and 2 Mo fraftionied hepppaitivetem arpgeniieelnfipmiasedpient) (b)
provf(c;lo %J‘l‘le@t&t&ﬁgm HB?&H%E]E& ce ﬂﬂé&clllfo Plulfife! chditts %} cell t

rise a'mjor fraction poletic conmt
prolifegdtios andnat the same tindey ﬁ:u‘tnedutirrgf a lepaaity b ithet hm&tﬁpemtland

eni Lor ceI from recj pi ent b rovi di n the
moniuR B i e Fepondneh SEnine TRl ol kb BT Tt et
expafidifig] latpo@[il%tltﬁnobf Rl emdfdppict skl @dlls ORhdddt Wetddme time,
ni coti nam de, _a nicotinam de anal og, a nicotinani de or

substantialfy cighibkingi differsptiation @eﬂipvlaamwoeﬁw Stem <6l i 8 or
transglaﬁﬁ %aidm%@smﬂmh&gcemt&h@teb@en. thereby expanding a

opulTat 1 on emat opol et | semcells, whil e at
t He sglhamotlich cﬁbdnhmmtyhemﬁod MRPAOR4A G hematopoictic

mondiipas M VAR CoReE A diet S s P e S ed el

and 4 Sinor rrﬁam»ﬁnifaahatqgn@alst&ﬂwaqﬁ@geﬁit&tdens 6180 6&pibR; (Y
prov:tdﬂl% tﬁee}felmglto?)gltetlc mononuclear cells with ex-vive culture conditions for cell
proliferation and with nicotinamide, a nicotinamide analog, a nicotinamide or a
nicotinamide analog derivative or a nicotinamide or a nicotinamide analog metabolite,

thereby expanding a population of the hematopoietic stem cells, while at the same
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In yet another enbodi ment the nethod conpri sesls(lﬁe)omary2007
obt ai ni ng hemat opoi eti ¢ nononucl ear cells whi ¢
conprise a mgjor fraction of hematopoietic conm tted
wozo‘ﬁr%s 5 and a mnor fraction of hematopg F/hzﬁosﬁl
dlprogenltor cells froma recipient i: prow
the hemat opoi eti ¢ nononucl ear cells wt h ex- Vi vo
culture conditions for gell proliferation and with a
time Pdubﬁaﬂfiaﬂ%%ﬂublﬁm itfeRAtiation RF ERYheMSRPHRIO Sted deDf Wnal(E)on
of the emat opoietic stemcells, while at the sane
transplapiing %@B@ﬁ‘&‘ﬁ??*&‘ﬂq gjer pellsie e FREIDINEF f er ent i ati on of t he
h
e{'i{ﬁ)eepﬁx%th% bifibofi Gl G &I&P?da{b&’ng@% s (bY &Jﬂﬁﬂih ﬂ&ﬁxﬁ%&&ic ¥

mat opoi et1c stem ce e recip
monenuole#rerellewhioklcomprtisetaheajorfraetioh cﬁiwmatosvestlc( egmmitedicellsng

t ti [
and R SRReR o B PP oG SR BIPEEBR  £O8 TErPEnt M
provmngane Hehd€dpbietic ﬁlfonmaﬁalcu@m With @x—ﬁb&éﬁlt@fbcboﬂdlﬁ@@’fbi éhl
ells froma recipient providing th

pmhf?mﬂ apb ah Pl folnasg é%lafor,dbw@ prlinga W%at'ea of thee
hemdAAGHdEHE | 9B fc@ﬂs C&lle 12 Fﬂ'ie‘"shﬁn@r fink O buBRshMIY hmﬁﬂﬁm%r
more copper chélator(s) or chelate(s), thereb
diffexsniiatiodi nfj tha pematbpoiétion stsf tdelds; hemdt (@botratsPl@ntmgermld
at, the sanme tine, substantially

| | whi |
hemq?e %bfﬁewlgce@ﬁtpft%crrgﬁﬂeg ion of the henatopoietic stem

cghlsgll asutistr b@bodimansiy method\@naikel (a) hrahiap aéwitbgoigicem
cells to the recipient. A nethod of genetically
mongpyeleanseliywhich perapmse & mml}fraﬁ%%efdvggﬁ@pwguww%@% gells2q

and J‘ﬁ[n%f Rractiol 0P REmAORAL RN and;ﬂ?g%eﬂrf& b fls ﬁeﬁmﬂeaﬁém( )

tal ni ng hemat op0| etic cel
prOdegplnq l@mawpmjl@mﬂmglmronllwlthweqmmxplétu@tqondmmmfot tteéd
m._nor. fracti.on |et|c St e
protffan it T Gree Rt R R RE U sRb "
a poptddtien W | tealentRdJofetivistdn xllsywhide atthé Warge GiaiR(d BIIUsl@ﬁﬁaIISJOr
cell proliferation 25 and, at the sanpe tine

inhibjtigag, i %@t%%%@&%méwp%!ﬁf&‘/ Hem gells; gnd wdfanmb@mmg said

hematdpeleBb e %glpsqg er}gcl eftopul ation of the henmatopoietic
stem cel s, “the same tine, substantially

i mhutltddrtg“ g‘ﬂnéticaliﬁ Ifliddﬁ'jflll@ teaf cdlls evitheamexgpone s disddsedn
here cells ex-vivo; and (c) genetically nodifying said
herelf o rmt opoi etic stemcells with.the exogene. In anot her

e osticmefibodirhét, et Rethod OraMpre&s (4) abbt@lhtngl hérfigopoietic
hemat opoi etic 30 nononucl ear cells whic conprl se a
m°“%‘ﬁf‘6q‘ ceiisapdictoepmaish @ Mg 5 fgrian of %@W?‘PWWW% cedifd a

t t
and LR SRt OB IR LBACYE i peal A BAGAoD pRARINS B
hematopbietic moncbnuebcameﬂ@wah lex-uive cdbomeicanditions fopcelt piofiferation
at the sane

roliferatio
and, {5 sl Bl rdiOne A sresss R Boon FRviry O OB By ary
expandiy/a p\ﬁﬁlaﬂﬁ%foﬂaﬁ T3thafdpdittid 20/3¢N006Bile 1Bthet Jamietye,

e a ul ation_of the hematopoietic stem
subst@gllaﬁ mhaa%iqgéi?fg reqt}aqgo%gﬂ]tge hematopoietic sterl?l cells ex-vivo; and (c)
genetically modifying said hematopoietic stem cells with the exogene.

In another embodiment, the method comprises (a) obtaining hematopoietic
mononuclear cells which comprise a major fraction of hematopoietic committed cells
and a minor fraction of hematopoietic stem and progenitor cells; (b) providing the

hematopoietic mononuclear cells with ex-vivo culture conditions for cell proliferation

and, at the same time, for reducing an expression and/or activity of PI 3-kinase,




15

20

25

30

time, substantially inhibiting differentiation sqfeb}uFﬁmom
tic

hemat opoi etic stemcells ex-vivo; and (c) gené
nodi fyi ng sai d hemat opoi etic stem cel | s vvlth t he
woffeRsefe. In still another enbodi ment, ScRbiBAsoest
conprises (a) obtaining 5 henmatopoi et| c rmnonuc ear
cells which conprise a major fraction of henmatopoietic
committed cells and a mihor fraction of henatopoietic
thereSjr expandig ¥ pepahitid bf meIHeﬁlatoﬁdn}uc 60 \Celll, vehilt hethe same
i eti.c..nmonQnucl ear wi th ex-vivo cul ture
time SN S G SR of S EmBiopaist S CHeESHite
and (&) gﬁetlcfaﬂ{( Mo@ﬂ‘}iﬁ% S RenfafpoRetit MehkellshatNBEBLREMRI et i C
nononucl ear cells in responding to retinoic acid,
r etli n&iilisanadier o pmbpdimentn ty mRGPE byorarsisex plhdeligniag
t hemat [ I t
hemz{?ﬂ%&ggg nﬂé%m?glea'i‘ lebsbs ant&ﬁ% ﬁé acmzﬁ&eﬁ]%cﬁglli of her}m&ﬂoﬁetl@
commitied eclsrand st thinor fodctivtn ef lhamatdpopnc sﬁ:mcand pmgemmlr kdls; (b)

tic rmd f sa

proviipdte fmliteisti montieRiretly vih FRO e @Rt e
prolifeition emd e s odi samp timel e mclmgda @apRlty S)‘B&he( BdmaAdPortiei ng

hemat op0| etic nononucl ear .cells, which conprise a
mongpyrlear Gefl ik iespengng MRtk fetmos ﬁ%ﬁf@rﬂé‘éﬁr@’éﬂ thereby,
expafidifi; 8 nﬂH 0Qfiod BP%' iR oBﬁH@t‘eHP@élﬁt WhilS heMedAfie time,

tpor cel ( p) providin henmat opol eti ¢
substnmvgm idlilsting éléﬂeﬁestlatm hf g hvnai@omnilctswrrece&ia pdviva; ond (o or
r he B tinme, for

gene&cac}ﬂg% %@‘“ggégé%'ﬁ%%?” lgt“ﬁ'% o%g? e elcl:e nononucl ear

cdhlyst another e@studitaing ghet :ﬁetmma{ph@@ (Wedbiraain S hénmivapoieting
t he retlnmc aci d, receptor and/or the . retinoid X

mongruelessiGsils Whigh GPmpring a\ﬁwuodrrﬁaﬁh@ ofdematoppictiq ¢apufied cells
and @Wcﬁ&go@opﬁahat@doiega sk £ ﬁrbgenh&ﬁ&mgp@ ?Pdvfdu?gt &
S, sane tine, substantia
-hemﬂttvmwbp tnilqngnucesﬁaf ceélns em ieaivomulote cm@thvehﬁxr @ﬁbp@hfeeatign em
and, %te({lé ;s:'agge)étllr}ef% I\f'(% rg{lléi% (acc%ﬁ)agﬁ%gltthg F%]m?}{o o eneono cle%?ée{ﬁf
in regpuating o eighalihigrmatitwayd fmeolmag hiexd retingip mmﬁeﬁce@a) andjbrathe | ng

. henato et nucl ear cell r
retingl Rt e e R e BBIRD FecePtai UL 8 BIPP Rl oF

the mzﬁh&rpoialacsterﬁ Nceflf Grﬁil@itaQ REY QL€ tHEENuBSEntRANP ARMbEIAE
cells; (b) providi ng the hemat opoi eti ¢ nononucl ear

differeatiation i the hemnatppqisticuitne aells exorngi anddebeengiicadmodifying
said Mnﬁkdéfof‘eﬁ@gqpﬁ%ﬁ th @% ldigsame tinme, for reducing a
capaci ty of the

|et|c mononucl ear cells in
r dspatilli magother &lrrgmdnlmemlg fet ezl | sowplivésnga)lPl obtaining

hemaGntiens FoinaRcaE fals, T g F it o A Ry ghicts o

comifiite® @ Rtanad lal nYindrdcRbd bﬂ&nﬂtoﬁa&eﬁ@ﬁ&h aha ?fbg@rfltoi Beélls; (b)
henmat opoi etic stemcells ex-vivo; enet | cal 'y

provigingithe homatapaietic menuelpaicells \%lﬁsftxe‘iwodéllm@ cmdmpnﬁ i cell
proh%ﬁa?igﬁ Mad, Jltnth}( %%tg@@iﬁfeh ?Jr H-%ODOI 20 Ltyt BE giEehdiRhpoietic

iS€s (a tal ning nononucl ear
mon(meablba oald iphespomding lselgaalngjpaahwhysaomlmng 81 3dkeawe theebet i C

expa nmfi f_}%)% ﬁ%{) laé glfsl'ie %E)rpgi% i St%lcl)logells V\Dlrl*l2 0 04{hg ]-Sgg‘lg ]tlme,

substantially inhibiting differentiation of the hematopoietic stem cells ex-vivo; and (c)

genetically modifying said hematopoietic stem cells with the exogene.
In yet another embodiment, the method comprises (a) obtaining hematopoietic

mononuclear cells which comprise a major fraction of hematopoietic committed cells
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and a mnor fraction of hematopoietic stem an
progenitor cells; (b) providing the henat opoﬁgtﬁegmaryz007
nmononucl ear cells with ex-vivo culture conditions for
wo 2fo¥hlsz4ir ©! 1 feration —and with nicotinam dg g oz
nicoti'nam de anal og, a nicotinam de or a nicotlnam de
anal og derivative or a nicotinam de or a nicotinam de
anal og netabolite, therakhy 5 expanding a popul ati on of
and 4 REndISTREOP OF BérhBopoidid st hiid proBdditer dlis! (19 provirding ktiee,
substantially i nhi%{ti ng di ffggg%t iation of the g_
hemaseneistis pesinenuycieas el Wit qrgivereuliirg gonditiens fercell geohifaration) | y
and TR AR, f ISTLARE b, S RRLARNAE ob's ReliBmide
analagodgpivathesor a)nickitanide 0g a iesttingli @alog muaiiite iteacby

cells which copprise a maj.or_ fraction.of hematopgietic
expafing 3 AhpLBLY B Fies FPEAEHE 5 Frisc Pl 2 S Gine
substﬁﬁt[mz QiHMifhd GifffeRintRdAdf Me AeBRbERECRe &lls ER)iveadi(éh Ng

t he hemat opoi etic nononucl ear cells with ex-vivo
genetieally modifiiaa grid hemagonaigtic siem cellpyith thegxefendn and with a

Ply, 3-ckjin L nhi by nt L PassH opsth@tdeoN
oy ot " AReind:? ebbotffens | A i PEE: P Bthaflrs
hematépwietic sudmetaidar atllsywhichhidnprisag majorf frastiomof emalopaidtict he

commiEF bR e = rEinS% P RE Ak SesiBiee e oo SRR b e
provi@ii@glﬁﬂﬁ:matdgoiéﬁé mRkGHuoRIr RIDeHE BEWo cillfite JsaEiie for cell

.conprises (a) obtaining hematopoieti¢c nononuclear
prolitegdtion apghwith acddrdokinase l@?mmrsdherﬁbYa@qpawgﬁ PoRuAEER 96 St i ¢
am" t C i r i tetic
hemagt emlgngtg%lr ?Sg‘ﬁi t“@?gcgtl FEJ]%%@ gir;ltgi/iosglbﬁéndtaﬁie bt
diffefeatiation péitet iematopoiotiei st &ellscat liw; wid (v) gsnetically noadifyinge
'dlﬁ%?giti ns, for.,cell roliferation 20 and with one or
sal A °P8k?§ﬁé'i‘~‘mc°ﬁ‘éﬁ ‘5%5‘1?%’5"38?3- chel ate(s), thereby
eXp FectinBhePertsdithat, it metBéd Enrle@) sHeadhiat hemBbietic
cells, while at the '"sane tine, substantially.
monqryypleds; celiywhick pempnise gimaler fenstio oft hematopmstioprsnibitied callsem
o {544 SAH Ui B Stor A 1 il e
hemapopefetic medomrizadéeaie mith egeive tchihat conditmas forical prohiératminl s

i.s effected b 25 t i ch i ses the, .
and B s 08 oo PR RRHONE chpash e BbreEy SXPaRaGE p RPPSioRor
of therhethatdpuieti®isfenRCElR, WhilE QF thdsfind aaRd silRtaaiidllyainBibiting

. hemat opoi etic stemcells collection/culturing bag.
differgptigsion of fhedympfoppiotigsterm cells arpioa arsis) gesretically dnqdifying

said RGlath BEﬁ‘?&E‘%amﬂg@%%’f‘%ﬁ?f retinoid X receptor

ant agoni st an D receptor antagoni st,

wilhha prafe@ed ebeditnene ganecatly nddifiyingathe nellsi ideffected by a

ni coti nam.de anal oq, .ni cotinam de or, a nicotinam de
vectap I cORBHIS 48 Falhhuoith Fittest Riieragiblay Yt Veckdt el
nucleid 40@d veo@el de anal og netabolite, with an effective

amount of a Pl 3- kinase inhibitor, or with an

efibieclbsade haubic hémAaopagpesteahetld osllariothelhatie beach

of 15 Fe ruar¥ 2t007 WO 2004/ 016731. PCT/ 1 L2003/ 00(9651
supplemented with an effective amount of a retinoic acid receptor antagonist, a
retinoid X receptor antagonist and/or a Vitamin D receptor antagonist, with an
cffective amount _ of nicotinamide, a
nicotinamide analog, a nicotinamide or a nicotinamide analog derivative and a
nicotinamide or a nicotinamide analog metabolite, with an effective amount of a PI 3-

kinase inhibitor, or with an effective amount of a copper chelator or chelate, each of
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15 which substantially inhibits cell differ ean%ﬁ,i Qn

of a hematopoietic stemcells fraction of

henmat opoi eti ¢ nononucl ear cells which conprise a mjor
wo 2004/@G##on of hematopoietic comitted cel perEnchsmoossmnor

fraction of hematopoietic stem and progenitor cells.

Di scl osed herein is an assay of determ ning whether an

agent/nolecule is an efflective 5 hematopoietic stem
whick efitistaetigiarishibits @faliffereifatomsSakentopoistapiemselis firgtioni ng

hemat opoi eti c . nononucl ear cel | kch. ' :
of heffgltpiofs et GHe BN Py ¢ el B TR R et
comite@Eelfs bACA mdtdr Bhetida BRhannbmidtic seineatd arogeptongdlsi t or

cells in the presence of tested agent/nolecul e.and

mbYiiclosed ihergin dsamesray ofetsrmiping Whelhes pgegrtaroleculs Pan PR Ss
hematééﬁ% i€ 4B bl Lbahdt £R7ELHRS R Qb6 cEIRERE B&RLbpoietic

erentiation of i he henat opoi etic stem ce] | q
monorpiclearreslls velichcoompaseadmaier frastien of dgmaepoisitermypY fryanca
minor“?{&ﬂ UG @ahatGilcis st 8nd $ideftor LB N/ B! RE&Hce dfSteadil

eftective hematopoietic stemcell expansion agent. The
agendgelpeyintidaneniering prnsasien picthe hematopgistig steece@ds.oyherein if
‘ s o Lot
incre 4 R0 b8 AR e SGPE Bl ABLARORNE Stonf ol
occu@nat agmpared 16 mbestiewiad i hematopdictic menadwldat ecll)ahe désfeda
Pl 3-kinase_inhibitor, .a coppey chel.ator and a copper
sgengplpcale SAERsPA Brratopoidle SRBICoH ESHTTOL AL pr ef er  od
e digeMMdlecale dalel N ¥eRibic Aid [Meplor idhRPotI] 9\etinoid X
reducing the expression and/or activity of CD38 is
recepégriagtageristoy Vatnmma@émeptoh atltam_rl‘é@@ll%m'ég ambgwg analog, a
. r | | . R § I n
s R G5 A ABRL L0 L Lot Seplaid
coppelahelaegul at es CD38 expression is selected fromthe
" group consisting_of a .reti.noi,c aci,d recept.or. )
S rfRCEHB o, MUt foapegsq i PreLeep SOOI Ofit e iyepign

- descrifiel dBlow, Redubigg et Kpre3flbm aiiidrSdetivity $ECDIY isVitteyted bigiag

agent IS an antgé]onl st for reducing a capacity of the
agenigha Wowarepwateh CPES ppsbil to retinoic acid, retinoid

an - Vi ] : ' . nt

£ PR int b 30 RucfRer FElyed 7 0 we QDS SHBHkF ol i
agent thitti dowintegulate ACDAR @dkpression is kdldctedffroni the rgrdupadonsigmgiod at he

. descr.i bed preferred enbadijrents the agent, that .

retinglg apif CEROpiaF BUMEBIES FoseBPUa ) BT Agonsh il ©yRrgin D
recepfGRfagbdid. ARembhively, ks h%kﬁf isfaB @htdE st iFdF R IEaSGpd§d

preferred enbodi nents the polynucl eotide encodes an
of theysiem g ® respondingito rasinpiggicid, wdneid pad/epVipamingp. Kygther

e AT GO0, B TP g
amMdcbraihg. to AGlt éurtthientgatuces $d the ldederibédmefefredhtmbaiments thee
d i bed d enbodi ts . th | | eoti de i
agen i QEVReRRET ¢ 0 FEra0PY HIFPBBITRR| ecul o di rect od
t A\ ceatdfR td @ilfmh%ﬁfeﬂtu?e@ G the W63 cABEY B REBdmbodiments the

PCT/ 1 L2003/ 00065 o L
polynucleotide encodes an anti CD38, an anti retinoic acid receptor, an anti retinoid X

recéptor, an anti Vitamin D receptor or an anti PI 3-kinase antibody or intraceliular
antibody.
According to still further features in the described preferred embodiments the

polynucleotide is a small interfering polynucleotide molecule directed to cause

ruary 2007
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16 intracellular CD38, retinoic acid receptor,
retinoid X receptor, Vitamn D receptor or PI15 February 2007
3- ki nase nRNA degradation. According to still further
wozﬁo%*s%es in the described preferred embogipRBhe0bdes
interfering polynucl eotide nol ecule 1's sel ected
fromthe group consisting of an 5 RNAI nol ecule, an
anti -sense nol ecul e, a ngbozyne nol ecul e and a DNAzyne
intracadlulac GDB8, rtind¢ aiid geceporf tetihdid X feedptary ¥Bamin Dpreeéptarroed
nbodl nts of fhe invention described bel ow,
PI?’& At‘ﬁﬁrag%‘ﬁ‘?‘es& on and/or activity of CD38 is
ef f\&:@kﬁ’ﬁk RYstift Furtid eaturdshRthei de§triBbd Prefel38 emB&dimitd the
The agent can be, for exanple, nicotinamde, a 10
smalhingesferipgpelieucketifdogoleeulnis seleqterhiiom éheogrowp eAnsisinE ¥ de
| & de
RNATIRBGEEh HAHAS Aie Y BBLAATHARAE BaN DRASAY
rnolepulefer abI y sel ected fromthe group consisting of

be za i hloam ni,catinic i d. and.
Sty RBRE SPERO AT rictied. SRisbeiies of fis” iiPfton,
descﬁlﬁhﬂtbﬂcﬁﬁ reducigehe expeddsienhaikrgivis, of CDI®is eficeted bpran 15
descri bed bel ow,, reduci ng the ex I‘eSSI on and/ or

ageng thaf {phibits SDBraslvitg  dhg é&cpbeﬁnb‘gﬁ of exapeler meptipamide, a
mcot'lrﬁml&' Ladg, 2 rﬁédﬁﬁﬁﬁd@%' 4 'nﬁc)étlnﬁﬁﬁs?rﬂhlﬂg deBivitiet Hieh

features i preferred enbodi nents of the invention
nicotif@gudei oed besbtmm:f!ﬁ ovaley nr@tatbhletesffém m@tmsmwﬁtamaloaels

condi t Vi VO ti o S
prefe&?ori] 'S‘all‘% om t fi Igr o8 (ioﬁﬁstm rlgf:eﬁ% ¢ an mcgh&%?arrila‘%es
nicotéiflc Mﬂfdc&—ﬁﬂlrfo% mblblbgrofittié fied. features in the

descri bed preferred enbodi nents the Wgﬁt t oki hes are

m

eafhqoprding it Juigher Jratwess In Prrdsired sembpg of ithe; {nygntiop,
descﬁﬂeﬂrﬂefn%l re(ilﬁg'{gq ee gk'?-ge on %%@%Tﬁtmbn&]ega%ﬁ ﬁ' %f,fe@ted by an

nt er I nt I nt'er

: agentlhatenlhnmmd@lrs-lhﬁaseaq:trvﬁtyerI euki n- 12 t unor necr osi s

0i eti.n or.di n

RIS SS e N BECer bR gPRPEy pEd ménton

descﬁmomlmnbﬁwmeg {5 stepit @kl neith afeecdraitbnedbi Bgvivo cell
cyt oki nes, such as, but not Ilmted to %ranul ocyte

prohi%qt@ﬁyome&iﬁeﬁmoatdmghef cels With nyfrients andevs ®phage
C OA&Bbﬂug:ﬂo'EHh %ﬂtﬁég fdafifds O the %E:%h\‘]é@?nge%&l emboﬁ%ms e,

Hepat ocyte growth factor and
cytokipasrapprady ecting oortv}(mes; sianak, dui neg lifnsted tox stemmeelbfagion FLTd

ti.l er. ures.in, the.descri bed pr.
igand ol i £ in R iR RERGEAE) B lgfre
interBuEn-d 2/ thieEndcFRR Rt QUndehrmbéyoietid. from t he group
consi sting of bone marrow, perlgheral bl ood and
I

nedaearding imwill fuethar feasires ip Fhsslgscribed mefarigd eybobments the
cytolagég%(rg 1 §3’(mg%dkkﬂ%9,%§éhoz%9§§t]no}zlmited to, granulocyte colony

stirﬁulating facior, granulocyte/macrophage colony stimulating factor, erythropoietin,
FGF, EGF, NGF, VEGF, LIF, Hepatocyte growth factor and macrophage colony

fato

stimulating factor.
According to still further features in the described preferred embodiments the
hematopoietic mononuclear cells are derived from a source selected from the group

consisting of bone marrow, peripheral blood and neonatal umbilical cord blood.
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According to still further features in the desegrd
preferred enbodi nents reducing the capacity gﬁﬁeﬁ%%ryzom
henat opoi eti ¢ nononucl ear cells in responding to

ing pathways is reversible, e.g., |

WOZ@%@@& ble. According to still further feg{}ﬁ‘rz@gbéﬁhmth
descri bed preferred enbodi nents 5 reducing the
capacity of the hematoparetic nononucl ear cells in
I eAQRRIRGE bifll TiBer BRRYE RNhAHORHBED pRIHeO enfbogifRhisNg
pat hways of the above receptors is by ex-vivo

reduging tthe icprycioh oF Hgrkewpiopeisticc meperyalge ealle igeterronding do

fegt at | east one
signEDER6E T refo Bl OF PHEATERIE 2| cact one
r eA¢aoaling 3 stdk &pther fealmftsa:gdhe siesceibet/ meffmcdleawsdlmnﬁ

oo B BTSRRI el

- abover#fagbieifk ¥ind/6k digdadingopatiivagiofilici abeveereceptory ds Bjd|eli:4ﬂfvbng

period of the hematopoiet]c rmnonuclf r %ells
cu tupaea&wdaewgtowe%q 'F‘?TIO“F?J?”FH%‘}S Ip & RFesEIse of 30 qlivetivgEmopntaty

at 1R5EhRS F&ﬂoi@nw&é@ﬁbls antafShist,r §tt {eRQI Snedfekifoill €% ERbDkor
antagoni st is selected fromthe group consisting of:

antaga@igt 20H@ 120 leasipe1Gigmun D receptor antagonist, preferably, for a time

peno%éf 150 & Pfa%fepﬁﬁn gl %?&ﬂéﬁle pre%e[gﬁgr,w a% WL YF hf et &

vivo GulMein periodDf thedientetopoittid rivroativieaneslls4- one, 2, 2- Di mst hyl -

& RSPt 505 TR e bt k0PTSRS
retmb’k)ﬁﬂ fﬂeee?«ba anPRBANGE Rlectel Mo te £0dp aon@isﬁiegtctfy

our onet hanensul f on

AGN PR SFBHIBUIPN) Loy W@étféé@;grmethyl “butyric acid;

- M SeRt SRl PNy PO REAR kb iochromance- )

y]triﬁlltdr('ilméam{sulfd.mmyr abth§l y| $-(@R pr dipethyl-#-olsettaaihoonsenid

el Bebeg ey i (R-mply - TRupme R BRRYYipEy I

thloogrdi’&ﬁhmlﬂgeth_;ﬁﬂ%bgnzﬂat@(ﬂ)' i emmcﬁmafeh%ryu ethynyl]—benzoate(yl)
buty I OpOX

(o-L(B) ok by 0 4- Bathh T btk AL benzothiopyrah-6yi]

prop%%‘lrﬁﬁgﬁ hdia (191" 10?&6 %]%,)#ﬁégﬁ f‘%lﬁg%&w@ﬂ B0%kyphenyl)-

oct a- n 0
3-medE KB ES ¢S adi;- 2B 4)&634[7-@ HDive kol hempoxyenyl)-

3-megpAerdfyfinsics it 26 GRRETTEE R s buukgmrrsnprypiandl
-mdﬂ%‘lﬁdﬂtﬂ -2 @Gttaer%mﬂacﬁf QE uﬁrw[q (asmd,t butyl-4-n- hexoxyphenyl) -3-

4AE, 6E- oct OXI yl) -
methylJo8a4.6 0&012 @“‘6 N 4%%1&:@@1%]% butyl ﬂ-heptoxyphenyl) -3-

meth%ﬁ r@gﬁl? ,f,@-}ne?\of& abid D YWeAE, 6E- F?1(3 @‘ﬁ%u‘tﬂw beroR/pREWA3-

2,4, 6-tf1éno

meth@H; wﬁ-ﬁﬁﬁé{rﬁn@@ #idDi(2E, 4]E16|E)ﬂ {:m-l{qm 551 -phemy1Finyl)-phenyl]-

30

3 mqﬂy‘? 88‘?‘?4 %E gc?etﬁ;)le %gnﬁ%?ﬁhﬁt? ka]ﬁiqcot 81 % {f4 ?_s'ﬁ[r) Leno
H. su5 21 &péﬁo@} ﬁlheny%tm&z?uybct@z etﬁhﬂmmnp hﬁﬂy I(2E 4B RPLRPYI ] -

i enoi ¢ aci d ester;

5-2 @%da@yt be@h%eﬁnsy-p@mw -cyedonsopyl)-3- aethybmr% -2.%- d@f’w&wdp he

ethylEBzéig} % Q%figk@%g -5- é@ ??théhbglﬁrﬂ? tht%x% pﬁén?f)%&@loﬁr@hﬁ]

3-mejthyl-psnta-gHehgnoic- cy@ﬂ,opr 0 I,4]E) BLIRGBIRSS-PeBiSadigeribyylehoi ¢

oo R Cobh R el oid LRARERTE S o

- tert.bagil-dretor ke hyl BZhnetRyll 234,6-ockatrithoif-e heidar Y2R,00,6Z)-TA3,5-di-

2004/ 016731 PCT/1L2003/ 000681
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tert. butyl -2-butyl oxyphenyl ] -3-nethyl -2, 4, 6- ocltszﬁep{ug 02007

ic acid; 4-(5,6,7,8-tetrahydro-

wo flufy ﬁn?zt;;gngt hyl - 2:napht hal ene- car box g g, g

S 28) 2-(5,5,8,8-tetranet hyl -5, 6, 7, 8-t etrahydr o- napht h
al en-2-yl ) -cycl opropyl ] -igpent a- 2, 4-di enoi ¢ aci d;

tert. Hht}[l(z@utﬂo{y@henﬂrl 30nkpc 4, 6- octétrreﬁijlé'fﬁ&@ym (3.6; lslﬁﬂﬁWd@CY)
H15 benzothlo yran-6' ¥ ropenyl]benz iC a%
5,5 8|8-tc1ram@ppbl5g @pé)hthglﬂ(leycaybolc@mg%) @QZP'&naétchy( E 4E)-3-methyl- S

(1335, 53], 588 (_}:lg’cf%ll_legﬁ; 5¥i7reRalafd SmhaBRE3IERplByIaPht of

enzoil Cc ;
pent{-2@;dignoB73cid;- [ B[(B)-&i[3'MePihytuotd)#'-dimethy IO heptybaxy)-2 Hal-net

hyl -2. 4, ctatrhenoi-c
benpiongiateby FEORIRINE s S, GBI ot
1-pyyidin3-Amethelcd, A7 8| 9rictieR ahyd o- Lﬁ—naphto[Z 3-glindol- 3-y1)-benzom
acid,g ﬁ@EAr& 85)67_%’_@{ gl%tgll:t gl:lntéff 2 Er{egltt))u ﬁ] ?%)é%ﬁlyloi( X%ho%Pa 01% e
acid; ( 2E (ﬂ@l@ g%) 741, 8 dPreflbuiyRDetHoky diblany@]' =Pty 0X ¥ jBhR Briehoid- me

octatri enolc aci

acid ASEAR}2) THB Syt B 2 keay S Themylr 1ty 2.4 S-RrsRgic phe

|
acid; ny @/ %OP?OSO I t]:rt b fg%%;ry X%;)%gl?)@: %réltélt}hgfhfg,r@'ooféta?rfénglc
acid; Saﬁ'ﬂ 82%4E)G1(t1RSﬁEShQJ{Z}é};hﬁihlﬁﬁ-daﬂEl—Z—byﬂo)y Bhangt)hyd:lombwl]z 4,
(5

3- meﬁ”ﬁrﬂ?‘ﬁ?/ ? '4%11%1%th :fﬁ@) g-zﬁ 4g&2by1(ﬁ’ﬁ’§’é@?6‘{ B P IAazep

55,8 ﬁlteﬂrﬂmé’ch))l #alefe- @-E(l)d} -méthHBcta-2,4,6-trienoic acid, 4-(SH-2,3(2,5
5-di ne - 5nmet hyl - 8- ni trodi ben

2. 5- hexano) -
dimephyd-@, SEl]cﬁtqpoh-]SdﬂgQ@@jlgprpq}[b eJli )4%4;51@;1-& 1-yBbgpzoic  acid, 4-
(SH—f 3{([2{‘)1 cﬁlﬁetﬁlhz)@ H&gﬁ}}ﬁ 1 g'nﬂﬁ)tdméhzowl 4]51%%'” pfren- 6-

bénzoi ¢ am
yl)bemzcﬁld Dmeedigl - | , 2- Hi-¢eEeinhbnd)d 2ebneh pb@Hy thidchydmen-6-

| carb b

e bete 8?‘9,%J Pex APy 52 ety closp dagsehrin 7t .

phenp%ﬁrﬂ:ﬁiﬁbﬂ]blbﬁn%gc)acﬂn“[“( &bxa%whienmryﬂm'f B10,1(-hesmethgl-BE-d,
- |

pyriéywe%)m H%‘&Ffé 21bylaqrmh3r36]bﬂ@0w ) bettibi ¢ &tPyridylpethyl)-15-

miaaﬁt%mgz/wb Irrmei Difbehz@dt hic’ﬁi 2Mgg d](p *ﬁm&etﬁthﬁtpﬁteml c

aci According to still further features
d]PY@e@érﬂEb@nEqm@ifbrred enbodi nents, the retinoid X

R PR AR S R B,

retmdad(}Grehi)ptb’r@ﬁt}ig(ﬁusﬁxsﬁe]&tétﬁfrdjrﬂhié(@i'&rpio&ﬁ&n§of 25
8 %nethyln ht hal ene- 2- ydéet anon
LGN{( (i pr opox;L 1@057 4g_t et r dnipcydrosy-3, 6§ &tetrahydro-5,5,8,8-

| teﬁaﬁl@tﬁ%lﬁﬁ?ﬂ%léh@@?ﬁ]&lﬂ%oﬁge 2- Y. @ﬁfr&b%ﬂ? 3%,7,8- tetrahydro—S 5,8,8-

r opox 6, 7/, 8-tetrah
tetram yla&péﬁha&chwapﬂwmmome 2- W mnopoZyé;ﬁéhs tetrahyslro-5,5,8,8-

sy BRRH 2By TR Ene S5 Iopgi 57 gy dro-

55 S(Q&MM@Hﬂﬂkn@I-@bm%-&aﬁ 7,(3E AESE)-Al3y - gfopoxy- 5 6,7 8

30

tetrahy&ir(B Sl,q% g%{aanggﬁ% p%&la?egg 4 3err;1§thyloc¥tla]2_436_ trlenmgl aci
443, §5[8%—f§bnfﬁm%th§t pentsatemwo iéna?h%ygcahfohmf&x%% geidl a@nt hy!

car ony enzol ¢ aci d

(3,5, 5 58, Bpsriamethyk5 6,78 Btrahypreg2-nanhthwhgthenyl 12 beagstic hgdid.etdreny

115 3SR, 7 henstcto maphitoyeyclopropy] bongoip seid by

[1-(3)555/8, 8-pprtaxpsthl-Sfgh -Gt hyaire-@;naghthyl)ethenyl] benzenete trazole,
: [1-(3,5,5,8;8-pentanethy|-5,6,7,8-tetrahydro—2-naphthy
|)ethenyl] benzenete trazole, 15 February 2007
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WD 2004/ 016731 PCT/ 1 L2003/ 000681 19
2-[I-(5,5,8,8-tetranethy|-5,6,7,8-tetrahydro-fﬁgg%ﬁ¥$ﬁgOO7
) ethenyl]pyridine-5- carboxylic acid,

wo 260akfs7413, 5. 5, 8, 8-pent amethyl -5, 6, 7, 8- t et I 3Ry AR5 Rness1
napht hyl ) et hyl ] pyri di ne-5-car boxylic acid,
ethyl-2-11-(3,5,5,8, 8-pentanethyl-5,6,7, 8-
t et rahydr o- 2- napht hyl ) etlhenyl ] pyri di ne- 5- car boxyl at e,

2-[185,5,8,83stBanmtigy |- ;b rtcamimtdros2-néphthyl) ethenyl]pyridine-5-
carb(%y?lf: Z : 2;: It Starcgll_?%/ ?_ E (() _3 2 ng-egg,gzélg-ﬁetri a%%ﬁlyl-g,%w,ﬁge{}gﬁygfo% rbo

naphgtgMthmibyiidines-EarbioxBhd &id, aihytz-0r-23;,3)5B8-Batltamethyl-5,6,7,8-
cycl gpr ciggllJ yri di ne-5-carboxylic acid net h\él

tetrabydre-2maptshyethenylpyrdigprdcapexsdate, 7, Blirdo S Siypantimsthyl-

) - i R es b atyenr _

67O SIS et 1 15555

pentareqthydty(, Srterahydsor? aphtiesih sslogropel Jpxridiners sasppkidiny adid,

nzam de, 2-[1-(3,5
metgl S et hyl - 5F 6, (7 8- ?g?'%aﬁ'ﬁé%é‘?eﬂt-aﬁgb R
naphﬂwi)bﬁﬁldpee@]pﬁﬁdjmybirb?}@taidj, 4-P1-[31S, 5,8,8-pentamethyl-5,6,7,8-
3,5,5, 8, 8-Pent t -5, .
tetrafy 0503 AR LB RS e SRR | pyfr bl
Pent&iid 7.8-téd@hfhiro4- idine-5- ic acid, 2-[1~
ent: tﬁ}ﬂ-&ﬁem ; At ﬁi;(l) ; Slfa%},ﬁtll)?)s(itltleggrlr] gﬁl’l((ijl;l% _5 Zcftrboxyllc acid, 2-{1

5 8, 8-
(.52 SHReRimetal-bony| | Boviytshahydier amaphthyDeyclapeopyllpyridine-5-
-f:(3, 5,5 8 8-pentaget hyl - 5,6 7 8- o ) ~
carb(t%(g!lé ahyd?aggiz ngpﬁ ﬁ?f?’) %:/ar gg%}’% f%glr?tzhgll ?:’6’3'2:8‘. tatrahydro 2
naphthyQparbowiJhenzoit- [ 4c8] 5 bbtyBxBnel 5 4-[(3,5,5,8,8-pentamethyl-5,6,7,8-
wisBERATERIY 5 St S arEan e 25 0aANGRNT) cafpeu g ber
- pentdriethy-536, B3-ErRBire IR hhthyloarbonyiBedz8ic aMdrQarbimmphtday! )

onyl ] benzoic acid allyloxine

b
[(3.56-8§-Berarmptiy |5, G5 rtcsorchey P-naphehyombonstIoemegisr o- 2- nasift hy
_ | _ _ i 1 o- 2- nafl
allylodiEl RS slE B ey 816 St IR Iaghy Ear B Bengorc
acid t é4(3-atethgtthwt-2-eneip hadiflokiowr bandy 14102 6,58, &peantimethyl-5,6,7,8-
1-ani hyl_oxi 2E. 4E, 67) - 7- (3-n_20
tera R Mo STl e i) FhmbiobRifbeite, GRABGITGHE na
prop&4ye5,8,7 Bligtrabydmet 3)5/8, 8cdtamethdinSphtialdne 20/ 53-aktE locRArH, 6-

. 4-(5H2,3(2,5 dinethyl-2. 5-hexano)-5-n-
triengje oy | dEWenzol Bik] [ 1, 4{WH-23601 n- 11 dipretivddSdhexangdSw-

_ . . 5 _' . . _ . & R
g e R oty S0 Gt
S-hexanb)-bwethyl & nisrodidenz 1 didiagepio-13tyil)bbnzbigrac f eat
[ nq::ltohl%indggrg .ﬁ e fef er re;ﬁ nb didmsr}I Sed t rl}%e.rzsea es
el sin BifhePlREE ke SRR TR e donisfeRis, e
Vitargind pecemibs artigonBt Bfselecteddrpfiahe @dup (SasistingBof2 G ,akbha, 25-

| act one; | al pha, 25-di hydroxyvitanin D (3); the
(OHBY-2628 Wcjnr e aithpcd>-diaydreryybamin 1541 the s cretyuicosster

- k. = AT, . Y=} =.C . 5 1
o e e
(3); betaetdy@b): Diall hia THPH)EBe8):2 @3B he§-deteydro- P 3igha(OH)

328N, Cod ) BRI T b SEnpoh Ao, Bl dhing s

(5Z,7E22DFe(i 8)78;29E4(0S,SR24R NS 24 trikylroxy-26,27-cyclo-9,10-

et R ey 2
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20 According to still further features inth
described preferred enbodi ments, the 3- ki ﬁlgSFebruaryzom
inhibitor is selected fromthe group conS| sting of

WRht®NNi n and  LY294002. The copper che (

wo chéfator(s) used in the various aspects %?h?ﬁgkﬁggghn
5 invention described herei nabove preferably conprise
a polyam ne chelator. Aecording to further features
i NAproedisg toesdll e’mhmdfenmrﬁssn ke dedegibédyprefeiredembleitanits) ew

el ow, e po e.chelator is capable of form ng an
PL B bl R aR U (RO RO b HEEANT GiHler
LY2bkgn. copper. The transition netal can be, for
exanpl e, zinc, cobalt, nickel, iron, palladlum
pl Bbq enphgr chelatels) e ehelatar(s) vesd jinthe vm%@wrﬂamﬁ thetroesant | |
nl
mveﬁtﬁ{) d&?{fﬂb&?ﬁ&é{ﬁzﬁﬁvé pﬁ}FfeQ%]ydc%ﬁghg%Jagé% oﬁ'ﬁ‘ﬁl{eetfhE | near

iments t yam’'ne
p ohwmdm@ to Purttee rfedvhrgs i ipeeférradeaandohqumﬁ gheh ayemwtion

descflfi b, B M Bmye snelaion s baimBle)ir opijit 0 bt tieiyiics

comﬁlﬁx with @ensitio Mefdl bier2Bin doppad Thearsi&e Metal can be, for
ntly selected fromthe gﬁoup consi sting of an

ndepend
exan&!@g@ﬁ: C&gaww!sdslmnﬁm lladiugmplatiprm, fheniyin"and Yn
ar Re@Rdif toNERIGRRE RhluesSR 'ﬂﬁqeeai.bw | Bt hla& e%@&ﬁmeﬁpme
consisting of an oxygen atom a fur atomand a -NH
polygnmephelmnlsahmaap&x/awn@ chai n haV| ng between | and 10
ted carbon atons; and B
Prefe}%iahélg{egr} eac eer%}eéiﬁ 3} an al kyl ene chal n
havi ng between 1 and 20 substltuted and/ or
non- substituted carbon atons rovi ded that at | east
one of the X, BX-Am-Ee)wn(YnB®wZENH group and/or at
| east one of the car bpgAl:qms in the al kyl ene chains
is 25 substituted by an am ne group. According to
still further features in the described preferred

enbodi men al kyl ene chai ,ng- ener al
whepfii B pleder fore L g Bl a0 Yo EPD o Bk 74 2 HE0%h
indefRadéntly 20D GomShe @'ébup RonskEngRef an Gkyges-diom, 2. sulfurGibi

Fornmula Il wherejn IS an integer that equals 0 or

and 3. -NH ggomp dacindokn F@Ie ere HMepengenly seleﬁfaépfméhﬁ Bjpup
consfsshge&t ﬁ%x&%&lr@t&n% sgfff?tl'h@mﬁ QRBA sﬁm gfbk g{myﬂf ABRLhe BAKY! -

Kenyl aryl, cyclo
havnh@bﬂ@wefal fi @gidﬂ |substlﬂu®ﬂ@n@atmdn substituted cartion@tonsst &nd Barsindo,

Bn 4% chﬁmﬁ@c%mdently an alkylene chain having between 1 and 20 substituted
and/or non-substituted carbon atoms, provided that at least one of the X, Z, Y, and Yn
-is a -NH group and/or at least one of the carbon atoms in the alkylene chains is
substituted by an amine group.
According to still further features in the described preferred embodiments, A

is an alkylene chain having a general formula II:
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cycl oal kyl am no, heteroalicyclic am no, 15deumy2007

het eroaryl am no, hydroxy, al koxy, aryloxy, azo

C-am do, N-am do, amoni um thi ohydroxy, thioal koxy,
wo 2dbagy| oxy, sulfonyl, —sulfinyl, N-sulfpapm:6Bioess:

S-sul fonam de, phosphonyl, phosphlnyl phosphoni um

carbonyl, thiocarbonyl, C carboxy, Ocar boxy,

C-t hi ocar boxy, O0-thi ocarfboxy, N 10 carbanmate,

0- car banat e, N—thio&arﬁanat 0-thi ocar bamate, urea,

t hi ourea, borate, —Ho#-&fe;~ roaza, silyl, siloxy,

silaza, aquo, alcohol, p am ne oxi de, hydrazine,
al kyl hydrazi ne, aryIFWHIPgél ne, nitric oxide,

wher€iiagat @n ﬁl&F@cwaé@s 0 SRCALEM 41, each STt RY, TEY ANPRS, is
cyano, alkylnitrile, aryl nitrile al kyl |son|tr|Ie

mdew%nﬂvé%lmtﬁdr frqra the rgrqqpap@slstma pf hxdf@en,aﬂwa alkenylatkynyl,

oo SRRV R QioRE BRHoRIL B S, HEHamiap, SR

cyclaikytasmiie; hateiodlicyalio/ hmga| hﬂcrbaryhnnmb hpdrkoyp, aﬁqok:f,lanyloxy,
cid | ..sulfinic cid al kyl thiol,. carboxyl.i.c
azo, §hefto, 3 Yicop tpmomliyy, Bt oy gtk Sy g R By,
sulﬁﬁ)ﬂl,l @aanﬁa@awim: C S%Gllftﬁharrﬁdew phiokphehyl} fph@spﬁrnppxmidsphoaﬁmﬂ
rg‘gxyl ZCI d, al kyl carboxylic  acid yl
carbegy thenyl (¢ garbaxy, f%ﬁ@'bo’@’ul -fhiqearbpxyg L@ftlmt)@rboxy, N-

carbénth't@%‘-ler@én@&te, tl’h-'tlﬁ’&:%ﬁaﬂaﬁ Oahis¥drbanRdO P& ﬁﬁour@‘i Worate,

phosphi ne, al’kyl ph osphi he oxi de, aryl phosphi’ ne
boransx bergazaabiky, silaxy ile2e, qsmosaihnle peekel @i dyde, phdjs'pm, ne

stoyCHyd e B by SRTRE B, Bl B, ot RRORER, o°
1soth&h}@ﬂhtep&}@ﬁ@mlkylrﬁtﬁm laﬂ(,l nﬁlﬁlyj al.qlk)ﬂ hsvaphleNirgl Reiiflile, nitrate,

. 1.0 (0

e R

alkylFHi‘ﬂsﬁhailﬁe W@hlf«'@nﬁ:oacxcﬁ afl] tsti!fé?ﬁ@ﬁ&@'ﬁﬁ sull¥nic acid, aryl

hi ocar bamat e, bi carboriate, carbonate, per chl orate,

sulﬁr@hlamdataﬂcyl dhrlo parb@ylihw@mndrtiuoé carbgxylisr #sidhnalicd  thiol
b h
oioof 0T LA 1 DURRIATLAE ol SR B O TOPRAAL S

acid, harplo pdrbeqylic taeid, Istﬂ&ﬁ aulfperbmﬂﬁtbethmmlfaé;omatselﬁtc, alkyl

tetraary ate borate, tartarate,
phosphige, &wlﬂi lgﬁcaélfsﬁ Elﬁ%b@f‘eary Bhosphing pxade, alkyl aryl
phosptifCdiadel aiﬁm;ho mnseulﬁa& i pﬁaépih@mm&é ﬁl@j’l%}ﬁ?ﬂ%phing

t hi ot osyl ate. Accordi ngoto still further features in

'sulﬁcteh@"%@ SpRE peidf vl B sehﬁmda%mllgl plwephénie cidf apl 1

phosfififls SBicl BudsEEE ARk AR SOECEOBHE IR,

hydmg@T/ McRAIRRY, OdiBYBAdge 2 phdiphaR, p gianidRe, S-GjthiGapbanjake, N-
e eme .. GaH, H Fornul a |1 erei an nte t hat
ittt gbapele, PR ohprs R ga e i s (PGB, and
perbromat, Blonf3R, bRk, ﬂ?ﬁbbﬁﬁmtes tétﬁﬂﬁ@ﬁmﬁﬁﬂté Yteﬁ’ﬁhﬁﬁlbﬁfitef rom

t he group conS|st|ng of the 5 substituents descri bed
hexaflyoreanHepeaie hmnhospé%ée@atq, PergpdateRrmetgheraRg tetraarylborate,

tetraalkyl borate, tartarate, salicylate, succinate, citrate, ascorbate, saccharirate, amino

acid, hydroxamic acid and thiotosylate.
| According to still further features in the described preferred embodiments,

each of B1 and Bn is independently an alkylene chain having a general formula III:
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According to still further features in the desgr
preferred enbodi nents at |[|east one of Ci, Czsl%l&gﬁl'garyzo07
and/or at |east one of Cp, Cp+l and Cg is a chiral

woonQkR?ﬂ atom A preferred Iinear polyam pe.aceRkbi-ag
to the present invention is 10

tetraet hyI enepentam ne. According to still further
features in the described preferred enbodi nents the
pol yam ne chel at orrg sR(a+Ic)ycI I Rq pol yam ne, such as

cyclam According o #B _______ {:(gper features in the
descri bed preferr the cyclic polyam ne

has a general formula IV: 15 F-D X-Am (Y1Bi)i
--(YnBn)n-Z Formnul a Hovmwlh8fein mis an integer from1l

10 10; ' i nt 0 t0 .20: X a h
whefefh b FeandalsgerutRudt S eFE R B i FouoRe 6al §8 an
each@f RPERpaL o RQ ismibldpefideallostlec#d fidnfdtha grdlp @ngiiag ofheand

Yn ar ch.inde endently selected fromthe group
subs{iyerds gftﬂ?fﬂf& élfreaﬁ Feyildesnech i RaRe#fidRe atom and a - NH

grﬂéb%rdlr% tgsst@lnfuﬁh&yﬂaﬁﬁ}@s A Resciicbdl fereREd WRGHitherd i 10

substit non-substi tuted carbon atons; Bi
least el o061, Garaad Eigendion etdgrshensref IGp, G+ aind Ce iser ehiral qarbon

ato1@Vi N between | and 20 substituted and/or

non-substituted carbon atons; and Dis a bridging
gr@uprdfﬁ&i@ﬂn@nearg@ﬂgﬁr&hefmming Y6 th@5Sprekeid Vinvdntibmuisa V
w{l}g eas U and V are each independently selected from

tetragiidenepeidiBinsi st i ng of substituted hydrocarbon chain

a nﬂccemdgsmﬁn | e Lally iR AR rdeszﬁbwﬁﬂefém&i RRibYdinents 88
sel ecte

fromthe group consisting of am de, ether,
polyamineehelaigrdsip eyclie polyanisesudras cydl#moest er, inine and

al 4
o K ST 8 T PN BBFRR e
cyclit pelyatning has¥i generd! fdnnuls[\é NH group and/or at | east
one of the carbon atons in the al kyl ene chains is

substituted by an am ne group. According to still

further featur referred '
enbodi nment s, % agd e 9'?3 of__ nﬂn and Bn in Formula IV
are al kyl ene chains h h)g t beneral formulas 5 I
and 111, as is deSCYIPBﬁﬁh]thJ ei nabove

wherein m is an integer from 1 to 10; n is an integer from 0 to 20; X and Z are each
independently selected from the group consisting of an oxygen atom, a sulfur atom
and a -NH group; Y; and Yn are each independently selected from the group
consisting of an oxygen atom, a sulfur atom and a -NH group; A is an alkylene chain
having between 1 and 10 substituted and/or non-substituted carbon atoms; B, and Bn
are each independently an alkylene chain having between 1 and 20 substituted and/or

non-substituted carbon atoms; and D is a bridging group having a general formula V:

U-W-¥
Formula V
whereas U and V are each independently selected from the group consisting of-
substituted hydrocarbon chain and non-substituted hydrocarbon chain; and W is

selected from the group consisting of amide, ether, ester, disulfide, thioether,

- thioester, imine and alkene,




15

20

25

According to still further features in the desgr
preferred enbodi nents the cyclic polyam ne hZ@ I«lggruary?.()()?
general formula selected fromthe group consisting of:

X-Am (YIBl)i--- (YnBn)n-ZH 10 For =

wo zéoi'/lasﬁﬁln T o8 Vi1 (F__D) T Pt aMsobiisl ™

X—Am(YlBl)l---(Yan)n ZH Formula VIII r -D
Y1B1) --(YnBn)n-2723 Fornula | X 20 HX-Am (Y] Bj )t -
- @fm’Bi(?}i thay#{ leastopneer the X, h ¥ eidnY misias Nalgroupt angler atfleasm 1

h
ot o AUERE S i S P
an A@xgrgneg t@ttdhﬁlrlhetsfﬁhtﬁrﬂﬁ irathe Wesceibll grefebddl ghbddpnentsl sAand

R R By I eS8 B SR,

II argh TV s is destSbedhertkhdvene chain  having between 1 and 10
substi tuted and/ or non-substituted carbon atonms; B |

andeegiding tostill fyether feahges inviey deverihed pesfated embodiments the
oy e G et 2P RL e hue BHREREh WEMERGTOENY of T o

and/ or non-substituted carbon atons; and Dis a

bri dgi ng gr oug.J@%i ng a general fornmula V, as

descri bed hergi nalbove, and further wherein should the

D i s attachedXat—8fieéh8)t o(YnBnpEhul as VI, VI and

X), the U or theVar ﬁwattachedto one carbon

atomin 5 the al kyl ene chain and should the Dis

attached at one end to Bl or Bn (Fornulas VIII, IX

and X), the U or the V are heing attached to one

carbon atomin th\e al kyl ene “chai n, ]pr ovi ded that at

| east one of HXre-Xn—&(Y ) ard/nBR)n-sza - NH group and/ or

at least one of the carbon atons in the al kyl ene

chains is substitutedompla¥ilani ne group. to The

al kyl ene chains A, B 1 and Bn are preferably as

descri bed herei nabove. According to still further

features in tWBr‘erd ‘pr'e'f'erred enbodi nents the

X——Amr—(Y,B))---(Y an)n—-ZH
Formula VIII

HX—Am—(YB,);---(YnBu)n—2Z
Formula IX

. :
HX—Am—(Y B))," - -(YnBn)n—ZH

Formula X

wherein m is an integer from 1 to 10; n is an integer from 0 to 20; X and Z are each
independently selected from the group consisting of an oxygen atom, a sulfur atom
and a -NH group; Y, and Yn are each independently selected from the group
consisting of an oxygen atom, a sulfur atom and a -NH group; A is an alkylene chain

having between 1 and 10 substituted and/or non-substituted carbon atoms; B and Bn
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pol yanmi ne chel ator includes at |east one !lneqél%%nuuy2007
pol yam ne and at |east one cyclic polyam ne. a
pol yam ne chel ator preferably has a general fornula
5{(E )r[Qr(Gi)g] } h-{(E)r[Q
wo afkionsrid> {(E)r}Q-(Gyo] }, Formia f(é%zgdryé}?"ﬁs’n
is an integer greater than 1; each off, g, i, k,
1, oand t is independenrdtly 20 an |nteger fron10 to
are eh€h méqxehdenﬂy Eilalkﬁé’neadhdeElaving bethvdepe mdieit dulsstauted melor
I s descri eg hereingbove; eac

I f G Q2
non-BhsERE Pt aten® AE RN b R e GG v,

g4je Broep
as d&@ﬂ%ﬁlh@@%&ﬁfeeﬂxﬁq’@@w& wh@feeh 83610 t8 D @ attatledai dnéBnd ©
i ndependently a |linker |inking between two of the

A (FpemujasnyIn¥d anﬁ v thgdbion theV as bqlr&aaé,t@cl@ﬁ@ Qe cprben @pm iap
the aéﬂﬁﬁenlgl:hhlﬁ afd s ({]ﬁtegﬁ (i)suﬁtaéiﬂaq End %51? 62 Bh (P&%IU(P‘JS

i near pol yam ne an e cyc I'cC polyamne Is
VIILNZandK)athell&asthe ¥raee baimgpattaghved neormgroathpn atdocio i aligylene
chaIst|II further features in the described preferred

Brbodi nents each of Q, @ and O is independently

S e;breeltiaﬂhitraomndt bfe @rtﬁam Z,0NSh8 tyinnga NIk yloep end/or at least
kenyl ene, al kynyl ene aryl ene, cl oal kyl ene,
one ‘?fé'@er 2O In Wi lrglengghgins a%ﬁuaﬁlmtg%bw amﬁmmup

S ui‘f{e' dW%lene ShifsQN AT £ Bn%?@ﬁ%ﬁﬂw as JRRRSRHPHabove.

phosphoni um ket'oester, carbonyl, thi ocarbonyl,

eshenording tfaestill furrhebbtamqs in dyardgmné@daprcwcd)@abmnmtethe

t r
polyfiiS cheibl kAR o 8 e SRR B3 AR IRl i ol
pdyﬁﬁﬁélL2003/000681 25 Accordlng to still further
features in the descr preferr i ments the
pofvﬁﬁmpﬂliafeweﬁ%&l%?r rtebl o cererbimevie S’<group
consi sting of ethyl endiam ne, diethylenetriam ne,
triethylenetetramne, triethyl enedi am ne,
t et r aet {iFielRefent] hmiiti)- [Qafﬁiz)lﬁet--hy’r {CE:hedRel(@nilhe,
am noet hyl pi per azi ne, qg as yl enehexam ne,
captopril, 5 pen|C|Ian1 EMUR,; - bi s( 3- am nopropyl ) -
propanedlanlne N, N - Bi s- (2-

anlnDeth )-1, 3- propanedi ani ne
whergin igag inieear aeﬁn‘dlt%@zlée §2h 9 b gebdriek. 110 andd is indepepdently s o

an m@éé&' ﬁérﬁbrt@@@%fﬁi BTGy is i'ndépcﬁdénﬁy%ﬁ%!rcﬂo%&‘i}érﬁ

1-oxa- 4, 7, 10- trlazacyclodo ecane,
is describe@hereingbeys; sachad (el Gpent Qul sandependantly 4 cyr)i ptmamme

s is GRBRE Mg P8 FRCRER of R Orald BRF ngePSpohef nker

linkify BSwedthltyo okiiopslymtings, gur ati ons by provi di ng nethods
of ex&in i ng_henmatopoi etic stemcells wthout first
erfiPE r\f‘éﬁtdws tthecQridnd Qels 2n glinesSToR 2Rt

least ©R¢ bBthe linear polyamine and the cyelic polyamine is having at least one free
amjne group.

According to still further features in the described preferred embodiments each
of Qi, Q2 and Qn is independently selected from the group consisting alkylene,
alkenylene, alkynylene, arylene, cycloalkylene, hetroarylene, amine, azo, amide,
sulfonyl, sulfinyl, sulfonamide, phosphonyl, phosphinyl, phosphonium, ketoester,
carbonyl, thiocarbonyl, ester, ether, thioether, carbamate, thiocarbamate, urea,

thiourea, borate, borane, boroaza, silyl, siloxy and silaza.
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Unl ess otherw se defined, all technical and scli5ef_%i fair)}:2007
terns used herein have the sane neaning as connDnP§
understood by one of ordinary skill in the art to

wo 2031 15 this invention belongs. At houggwﬁ%@@%gmand
materials simlar or equivalent to those describe
herein can be used in the practice or testing of the
present invention, suitdable nethods and materials are
d eAcoordiregitolseil] duethel featmasdn die deamibéd pieferiel empadimeits the
speci fication, .including definitions, wiJll control. In

Poly3IA 1 SPERIOT e SeIEESdr 1B thegrayB€omsistigy Ay IPEisIpé

dicthglehétﬁirﬁﬁb,l KR RhMetBRthd) @ﬁe%n@ﬂi@ﬂﬁlet eirb@hléd¥hdidsine, 20

. BRI EF. DESCRI PTI ON OF THE DRAW NGS The I nvention Is
amingethpthanplageipe, b aginogshylpiagragine, cneatpsihylensheyamipg.t eaptopril,

¥ ence , - N+ Lags. W »SReel fic
B e NaeRCSHRRARIRANL BRp AR I NI FiE0
animeethyd$-$ Sepropuatdisrhioe parit7-dotaad, H-diazasycledodedaye, way 408,11

L& and i 5 1] ive di i
tenafgh Ry Rbaes Pl BB, ot S BPYHE BBk ent TSI on

triazatlydodatifle, ar el,pRasadftagthcydlopeh@daeantse Ofandr ovilgh, ,m-
what is believed to be the nost useful and readily
tetragzagystodpdssencdescri pti on of the principles and
C OFHe gkt in R ARG CduSceiuily HdrebsBY 8 sh@HMbomliys bithe pfe@egﬁg d,
no attenpt is made to show structural details of the
knownnepafigirationsiby providing ewcthiofs ofenpanding) bereatenpisyic fstem eglls
. I ' f i nti.on, the 30
wit Y B e GRS LR B SIS U ULRAIRG ppar ent o
t Hadess Sittiekvizel definet el @elinidabind sveentifie vemalusddoticnain Gfivet he

i nventi.on may be enhodied in practice. .15 Februar
the saspgmeaniys acheﬁlm%%?erw%m géwémﬁ@ssfﬂle@ the 35t topyyiich
this ifVANbNBQongds! Ethodghretdds aiﬁirﬁﬁtg:rg%sh {ifBarsdregGibal @t 1o EER

chel ator on the expansion of + hematopoietic stem
descrgherd [herejrrrag be ysedun the practicerps tesies ttheprpssnoinvastion suigdlel s,
- bl 0ad . . | s %?) -seeded, |
methg{jﬁr tq ﬂ(}rp er?'ggréaslyi[%‘gé){a%%hgﬁg glﬁlg'e olﬁ cy o?gl\ﬁé@,la's Fﬂgen g’ae\%@r e
specificdtioay inslupink defwitied, willt donff&dPAn aliditiat, akie (hbRGa1d BRA)ads,or

not . su enented with TEPA chel atqr. (MNC control).
and GRGEPIESAE AHE RGN SN T et BB ver e o i | ari y
seeded in culture-bags in the presence of cytokines
with no suppl enentation of TEPA chel ator (CD34+
RI TIQN|OF THE i ncubated for 12 weeks -
a e , + r | fied
F ey K ohel Bt SEKRE, vl U5, DRI el &
the aenompemanediawings. Withispdeifetrefatease tdvetoRAECSrasvivas yrs degaily it

. .the,dens,t f .CD34+CD38-, cells.in the treat ed
s sugHEd o T ParPRAETE ARRCES et el ek i igisses of
illustfHES€ ishRoRBOME prefif@d eﬁb@im&tmf&m«é@ﬁ%ﬂ hQetRARAK2rdV €

nunbers of colony-formng cells (
are presented in the cause of providing what is believed to be the most useful and

readily understood description of the principles and conceptual aspects of the
invention. In this regard, no 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.
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measured fromthe untreated MNCs, TEPA-treat eq5wgﬁlaryggo7

and CD34+ cell cultures 15 described above, at weekly
i ntervals. DESCRI PTI ON OF THE PREFERRED EMBODI MENTS
wo 200B1spIiesent i nvention i s of nethods of egewings/cooss1
expandi ng a popul ation of henmatopoietic stemcells
present, as a mnor fraction, in hematopoietic
nmononucl ear 20 cells, #thout first enriching the
stlathecdsawisgs:whi l e at the same time, substantially

inhibiting differentiati of, t he hemat opoi.et | m
cang: T loSirbesdhe Srish o fibanchelyis et ahmidy of crided

hemaApoletit 2t e1lP iOY bl@reSafhem¥BpRuRARSREuFOR ULIR! Torishledd
hemat opoi etic stem cells, using hematopoietic

mongruplea el YINEE) weresepded iwfiuredaEsingths aresmee ef ypkings,

t I et,l it S IRGE rEphactd. o f
R R e
suppﬁﬁidﬁté@“@[_h "Hifmubﬁtdrs(MlN@ tdﬁ&ullg.l er;tc eFmyaREsg bﬁf:ﬁli’ﬁd @m3|:|t+he

erratop_ I etl c _nohonuc ar cells or stemcells. . The

ce“se%%\ﬁa@gﬂﬂaoﬁﬁ#% PoftEit roagh Gl opISIoRES £ SYRPEGIIE "t
. ' S i )

sos G MBI DSE0 oo ik i RS0

12 wedk8 Th@ & WSekPHinteHi tHe WD RS NEd Gere 'ﬁﬁﬂﬁé&‘{’r&h!cgﬁﬁfs“ Wing

~cellular gerne therapy, as well as’in additiona
miniMp¢sidobans end eveteraesl; 30 but not linited to, adoptive
[ not.her a ' ant at i of ste LS. J
iG-S et e AR Rk et cenitrl TP el B
- V0 0 ' | j N
eS8 NYRES TR el s 0 CYRC of| s Rt Dl
seilGi Agsresedt the momparytiv00imbeM280ayofo67idg cells (CFUs)
PCT/] L2003/ 000681 27 _The net hods of the presen
measptsg it B WEHFS NGy TEEA- gL SNGsandat B3P ERERIwES ¢ o
desc:"il%ﬂ?i)&eaﬁv@@ﬂ?titﬁéwaﬁ.hat interfere with CD38 expression
and/or activity and/or with intracellular copper
content, for inducing the ex-vivo expansion of
= > b ~-PORHLAaL-eNS descri bed above,
e ovTd -' 1518, ,EM nmplified and yet 5
VeThRgiredest in@emtioal 9@y nletodexf vi-vivo @xpadiigan pafulation of
hemat opoi etic stemcells. The principles and operation

he p
hemaggpoiefie stspacslls Presenlais i AT EAFIAR 1B SEEPPQIFFaPeogpear

cells Wivftkbut erﬁr&%ﬁné Phel H6n LERMWIEIE 2L RMEOTRANMIbSEntially
descriptions and exanpl es. Before explaining at |east

inhibiiing défiyertiatiem of & hemwopoiplie steosells.n The peeisent inventics ced be
) Chat. .t he | , ) . P
R
cellsangigh emeiopoietic tiveormokrocsintthatsedmprize tah majort freetion of
ol | owi n desc%b [

f tion or iJlustrated in the.Exanples
hemagopotefip gormpied; oolls ARd & mipa f@ﬁﬁ%?ﬁ%ﬁlﬂ%ﬁ@?wﬂc siem and

prog@RBOELNENL Sa AouRkt Hekid BIRCHWihSE ProC JARSNOWE the
various ways. Also, it is to be wunderstood that the

hematipeiesie chonppuelert ecls fPnoogsellenplly cupandedipapylationy oft he
hemﬁ#[%féﬁlé ﬁségn?fceﬁse%f; tePhe@fle HEnRACHNbd Wedfr, THOBLAIRAL, aS

hematopoietic cell transplantation, in generation of stem cells suitable for genetic

manipulations for cellular gene therapy, as well as in additional application such as,
but not limited to, adoptive immunotherapy, implantation of stem cells in an in vivo

cis-differentiation and trans-differentiation settings, as well as, ex-vivo ftissue

~ engineering in cis-differentiation and trans-differentiation settings.
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15 As is discussed herei nabove, WO 99/40783,
00/ 18885 and Peled et al, Brit. J. Haematol 7 Febraary 2007
2002 teach that cellular copper is involved in
wo 2dishati ng  the bal ance between sel f - r enpgedr2@B8dc0681
differentiation of hematopoietic progenitor cells.
According to the teachings of these references, the
addition of transition netal chelators that are
c apgbneshess of thediresgntcioysptien utilize yareps npalgeules 4 referrepie
to herlif 6RhecAfl) R YATHDE Wik 138! Al ERGRERIR B DRy ahoHRA
cell c res in e presenc early acting
intracofilak copper costeluic fod indetihg thoppeivo emtlsam ofthem@®poistansgem

ext ended, t at i f t he term cu Iy &3 in
cell SebREOHT ceseifbgt Bl BRioBY mtr e, SEPER ARG fR Yo
versdtifd te£HRABIBES foh e 6ivo &mmmbm%paétlc&ms ng stem cell
ul ations, ex-vivo in the presence of transjition

Pna heipriapiplensnsroperationfdhe P}ﬁ@nhmwr@m maypbs betierynderstogd
with fréffl{':llfb%rto g ﬂ&'ﬂmﬁé aﬁ&‘fecb’rﬁﬁao gfngtdgfcrl abffdampRanded stem

atlosm var catl ons.
PCBme:exﬂ@@@Q atjlﬁ@t Dlmﬁ)wmt @fdbmleven@h@ inadetadl, it irtabi y |
undefPdotd & tcnngl 1%8%{: n 1s li llﬁ’utgd G ngl ajjﬁggatl ttE tf} e RBAS of
1on, eration
constthdtibe refﬁﬁtthatarr@ﬁgemﬁt of e eonthopéemgeeti foath imethk sfolMneing
added to the cu t di a. of such cells. g
desciigiof s ustapte | / SeEUPsy OO 69 entigeis Sapad o‘?(%rr?g'er
emb&irkﬁ&ﬁs%r $frlﬁtngtﬂi‘éc‘ﬁce§1f §r&atried QuPin CRBREWayshEAlRd, Qtsls%‘ be
proliferation and differentiation of stem and

undepstang dlerit therphersealegyi and terainodegy soipkayed hereinds forihe purpdse
I [ rather with additional
°fd‘=?°85>'é}?‘2 “61?33“"%&1‘]}’1‘%"‘?‘%3‘%%@8@ ‘Bglﬁgry 2007 WD 2004/ 016731
Posrd islBQOSLDAEGRAANRE WRCTY/407B3/ WODEX 18836 abkl Beled et al,
on No. .60/ 452, 545 whi ch

Bri. 1 Boarnely Plsiess of0h AR hasr Eiie copoar i Pupred Barodiain

the hRMEE Betwdbib GéIRRAew N Aindadiffeeh@fioR fof HERLRPYIEES pidgéﬁltoﬁr e
1 dfabl e of interferi %V\Ath CD38 expression an
cellsg

qerding to thedenachiggs qfiikesp raferensss, dic adilitipe pEHansHion gistabf
e t 0
o T 3, 3 R S S SR ol 8, T
polyanmide mtqaahyslexmper(tmnevmlqmd* cellvomitures im the rppssemcsi dfl early

sting R TERL G BT B Pty Th1Ee SRSty G iR o the

long-téMhOdutBrek fi‘l@teﬁ\ﬂg lof llen3-terim @PENdnd CIHR+ &It B@knsion. These
downregul ate CD38 expression or inhibit the activity

referggeesCingnge fegch methedy efipxpandieg sfemfoel] tpopmlatians.sex-viveni the

pres J mgﬁsﬂbrfrﬁgglscﬁglafo%b g(ﬁ);l;élj c!h@l%(opsog 9?{%1@151%0 %@nhfﬂ'éeach

rovi si ona at ent catiron 1
the usdithef abtznedtekpande stamh exdifopslatans lin mxousﬁpphcatmnsam d

¢ PO AR R ot rObper Bt p bt Sapeer cheators tha
are c%%léwm%ﬁm doppe mIEEIQ@ﬁibﬂﬂth%llf&@ﬁBn%d%ﬂﬁ]ht d@ffer@fidtion

anti retinoic acid rece ant i ret|n0|d X

of stewc st Grogenitor jcells e radded de o GFIWTBGF% eYeh fells.
Accofr&]ﬁ% te%lﬁ LEPCTALEAYRB2, tﬂ@sgrfﬁgiﬂge E’cfthﬁ'?ﬂg’gﬁ&@us

nuc eot| es encgﬁlng for thes ptors,
of coppérebelhieson proliferation and differentiation of stem and progemtor cells is

~ not associated solely with the content of cellular copper but rather with additional

regulatory pathways.
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15 that are capable of interfering w th expressimBmary 2007

and/or activity of Pl 3-kinase and CD38 inhibitors
such as nicotinam de and its rel ated conpounds. Hence,

wo 2000894140783, WO 00/ 18885, PCT/ | LO3/ 00064 peryeiabbifocosst
Provi sional Patent Application No. 60/452,545 all
teach the use of various nolecules that nodulate, via
di verse pat hways and/ or Zechani sms, the bal ance

beR R ED340064 pach Bkl Provisiamal Ritent dveligation N 68f+5366H
whlcﬁgtké hig%o;&fﬁﬁ@ti APREeRILS ass&'gﬂ'kggtl fbrh l?e?en? Eﬂﬁsﬁ:lo?é‘t!hgtra sehilk of

ex-Vvli vo eXx I Ng st’em cel
molegulps Itizat |msapabbvm"velterfeung odth 6CDA® rexplssmnnmddat astivity,he

requl ation evval nd dff ent f stem
reprds e pRisk b BirnPeblifion P S RLce M e Sl SIS B bIoRE, B
to ia-t&wé&e,cﬂm mgse dffactN&Q:ﬁE pfotife@dtin aas expmﬁnem (tdi\ew@lpjbx-ub@d
ed for stem / or enit

cells, are nric gl
‘““&?&?‘F‘E‘cé’?‘?&“ﬁe#@ce these TeisEenggsiach pebpdspt sxpan mg @mocg

' popuna@ilahme! Y, evﬂnémlntl/a'v§ ﬂﬁe Sddlion’ FHLAS tHAF Sk dORFgRhEM

I's enrichment. Wile reducing the present |nvent| on
CD38 gxpressioni as anhibit thaastigiy ofrGRIGgI the eulre mpdix pé stemiel}s.

The I'r}%Hl:agst lQ&&SCWA ?@f If(?i/@dﬂ%ﬁ USRR 151&?%@% h&RBHer

i NGOl C aC| recep agoni'sts
No. 6G42c%lS, Iﬂeréfoesr wilizé aioleomlesamih a$ renudnahead aemdptonpmﬁgomgts

Liferation o tic stemcells en, th
of th AR, sk SrheltomilEr i Pureceqy GHRGERIts, PAITIsRUGS
encoﬂiﬂF‘ anddearsum a:so&ncebk@ anflaBlo¥e NXD reREid:C BRE réfaBTD X

is described in the Background section

receqiery eﬁinﬁabfav‘em B toreRigh RAdyniglepfidghthal agydiFrciade by gause
degrﬂaﬁ&?glf éﬁﬂoééﬁgﬁse? egfaotgdé %hgﬁ%ﬁ‘g ﬁn?_ Q&oﬂfs%or?ﬁdg@ufe@ to

expand non="enr stemce ere
that aectapatilo gff iperésiegtvath expressire apd/of aatidith f ¢l r3-kiddse and

ebr.uary 7. WD 2004/Q 6731 PCT/ 1 L2003/ 000681 29
CD?’{;:H&‘W\?{S&&%PW%%“B? {17 B SPMRNYSy hermt opoi et i ¢
stlemce ewb Wkatworm/mewmmmmypoom rang (B8 Fr@Vikidnal
enri chnment rOV|des for eff|C|ent sinmplified and

Pateri o&pRligaiane Noy 6043 458l tercholbe ai o gragqus, mplecules Ahded
modvﬂ?c@%@ﬁ’i%r?é Pr? Qﬂtﬂ(ﬁ" r{necﬂmiﬁ%usafh'e Bi3Ence -E@ﬁ‘a(eef? %H?\ﬂaé

emat opol et em cel ations obtal ne
and ctlﬁ“crbnt@h@gyf spanewélmhematoﬁoihm sémmcadlain pretiarednimetheds foous
t he follow n ists tic
ex-vife o gty & brom) 8 Bt O ot o Gty TRECGRA ik ¢
-regulﬁﬁ)dri 6f bddSrendved QR diffi@eritia@l 0EBemOdells 9| th&elBblecules is
variety of inherited or malignant diseases. \Wile

obtaiged, pocopding ohe fepghingspf these e‘éwlegs rebien itheritured cglls are o
fist eﬁr&ﬁec{%& SR 4 ppc%%hﬁtaemnd ﬁe%&enﬁ hiYe with Eg%eij %Pesaﬁd

opul ations, enriched for stem cel (CD34 S)
day techvelogiewin this field gdquinarelifppsy DN cells mhchnHaut v est | n g

d t
P TLRE RERLAE e Bes Ay el K6 ofipicit s Sebfsindll 3B,
unexpiicadly forhd sha? Giokeklles sd@P49 copper gtk ,Qdpped dhbRtegaIng OW,
such, cells eﬂ%\lgﬁl be derived from ot her sources such
retinojg apidy teCAREYE SB@eemy repess dilfssentiation ard stipulate @gd g

proloRk Bﬂﬂf&ﬁ:ﬁ}l of FIRAGRLSHemte¥Hs when the source of cells includes the
entire fraction of mononuclear blood cells, namely non-enriched stem cells.

As is described in the Background section hereinabove, although being highly
-advantageous, presently there is no disclosed technology by which to expand non-

enriched stem cells. Therefore, the technology presented and exemplified herein,
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vivo expansion of hematopoietic precursors, 15 Eehruary 2007

progenitors, and stemcells: The next 15 generation oOf

cellul ar therapeutics. Blood 87:3082, 1996). Conpared
wo 2b@0Bivk1 transplantation with PB cells shegigimodidicsst

period of pancytopenia and reduces the risks of

i nfection and bl eeding (Brugger W et al.

Reconstitution of hematcoi esis after high-dose
invobviethaehedecafasyitgyexpendiisdyoatoppiciysienn ol pomilations devoid

of p&?{ﬁiﬁlﬁtéﬁ%éﬁm\fm\éﬂﬁ pm§g{ég lfc{r effi cN?hq dﬁ%ﬁh&e%gandlc%% Jeffective

I ans ion an ansi

metlpds iop lobtaakngbéoweh Eﬁpaéﬂﬂemmlpbstm ntcmutedil molasorst €The
ncer od 87:1687,

expap keI BliR dietrion hopSlaions phiamed B JieieciBpBey pierizd

herefal334 be pRA Iupi?tﬁfoa& aﬁplhé)@idn th fag@mng Qs a #wl expansio n of
neut r ophi |  precursors for clinical lications.

- HeHruvsrigicxsy f@nm{wmtm@ansmtmap BRAIPOIEEY aﬂtSélg%
beco?:fe th@ﬂr&@n?n@of Wonc%rME?tg%?nged 3r h%l%q?tg%ﬁ‘sje? \th

lTmting factor t|on|st
carly t;wsnlanﬂ@mn pfoceduresultdized the intirei l;mtemﬁnove(ﬁhvﬂx) moplgﬂrunt or
Ils. To o taln enough PB-derived stem ceIIs fo

fece%tfaﬁpm eitingd popy lattorie sBriched £y stamecells (GPOLE pely) hqyy been
usedr(@ﬁﬁ EQDFEG BKAP ﬁgfv%sﬂnﬁ {]h‘a}at:tfa%gn tdﬁﬁ'&gﬁ?@ hi ldﬁﬁﬁ-'cgps

from e marr ow |not e circul at treat nent
fromphuniken dteeersratmewa pgrihed! blpod land eerd(lﬂocaig gBloow\,Ceﬁs 24441130

e tj.on. of he
tosdfy BERBIR K 48 el SR EB 000 oB B e oo AP suen
as p@qﬁa&ﬂblﬁ@ﬂ (BB)\Unﬂ @cordtaE0@bilidal Mol H3sH KAH, (EA3R6a SG. Ex-
WIIlianms et al.. Selection and expansion of

vivo Rxpansiea o %amalemwréw REOFSAIIRfS @1‘108%11] celly: chhe Ky
gencladiolr JIT ¢6Air 2 P:peuti® BRRA/ Og6¥33 E’@@)l ngﬂéér@p Q@@Nﬁo

transplantation for breast cancer. Bfoo
transplaoigtion Witle AB celiscshomens thﬁSJeumfcna@yyOpemetanctaducabﬂm rislor

of infiBF and BUEARe (BRELDR, B ol Ko Bk A B uc BER 3fer ©
high{dssel dhemathfRerapyrby aﬁmiog@s pﬂiﬁeﬁl&g RelBQenéaeg %-Sﬁla,: J\ E]p glJ

e i o Jhuma tem an rogenitor ce rom
Med bgﬁﬁﬁa&% W'E‘H'Bﬁ 354 Pééf Selestiog ainﬁ e&%‘ﬁ?‘% a%n@pb@%fhiquo n
CD34+ Eetlld hiffutol %&1@ gte%ﬁ ?r%mspl]agt%ffen foP Bl Kfcer) §1009t $721687,

1 SO i on and serumfree expanS| on of human
199ﬁc£mmewnl BM, Bitodld Largeiseale G¢laction of 9GBP4+ |peripheehl ddeod: he

B0 R, SRS SR S s

Heammtherw srzzatwm) and | eukophoresis 10 (Brugger W et
283 95) It enables storage of

33
rf%n Pdfkﬂ%shﬁdvaﬁfaﬁsf’gps"@l’%t Prirénsplpntaiiosy 15 ist acpessihli
The [itditidg Gactod §6&-PB @arfsﬁl%tﬁtﬁfﬁ% @E 1A hRhRE BES 8RS ﬂhﬁﬁﬁt&ﬁ Ion

of recipients with malignancies,
stem/progenitor cells,

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 (Brugger W, et al.

Reconstitution of hematopoiesis after high-dose chematotherapy by autologous

- progenitor cells generated in-vivo. N Engl J Med 333:283, 1995; Williams SF, et al.

Selection and expansion of peripheral blood CD34+ cells in autologous stem cell
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contribute to the recurrence of 15 the di sease
(Brugger W et al. N Engl J Med 333:283, 1995).
woO 28ajoea7Bi ng and expandi ng CD34+ stem cel | s poiril 20638008
the load of tunor cells in the final transplant. The
cul tures provide a significant depletion of T
nphocyt es which may b¥ wuseful in the al | ogenei c

tanyglaghean Siviort org Hiopd BEUGR, Hipdlyr Sieh paimenis Peusly
notﬁhélﬂé‘ﬁﬁnoﬂdlﬁbxﬁﬂ studi es indicate that
transpl antation of ex-vivo expanded cells derived 20

fr EShe aseswﬁaéxl-wmnﬂpmde(bfsteﬁB:eﬂ?DM-ltramajlzirsatmarhas' detfoll@ving

h ts ated th hl oses
o3RRI RO Brrerer S a0 e eat P
stenf iahdnprsigmﬁd)ru&tlanﬁ‘mﬂbmm% ﬂn@’ﬁgﬂ trRérdhiidleay | 36fls in contmuous

hemat elcc abilities of these cultured cells
pcrf%%?nu fesV&} ood 35 3784 lﬁ%l Lepkapstkl 45.3¢txd3Ra pl@geglatlon and
seru)ﬁlffrée'eﬁ%s§ﬁ of ﬁﬁmzﬂil cDFLREMk. Blood €81s 20@9@@?94 )25 For

successful transplantation, shortenin

of It de@yttbpmﬂmne of dined wquind| foran;cmtntgtmreroﬁman adult

% TR ransplant
(Brugg&ertaltHHﬂngMed@GBESS’;ﬂQ%f) donor - derlved rrature

ce hereb hor eni n cytopen hase.
8?‘% tstor% S are) %umtteﬂ aff’ﬁ?r ?55 S %eila d’effﬂfé"’é |f'|lfgre
uselnclude in addition to stemcells, nore

differenti atedmfrogenl tor 30 cells in order to
ophti FieZ8se b eptofagpyh iresplomrtipnapidracipingtst withnmadigeaseias.i o

e
s TGP vy AERRL B Bl LOVALIEH L Bt
the diseata QptwggdrcWarnd ahglg gl yd‘dyd I 333:288ccdges), GSelacingi dndnt

Wt h ansion of stemcells, should serve this
expapémg;@?éf*? siamdsis withreluce tie log of mfopeslls imthe figalfrahsplrat. y
20 0 'l
b B S BSOS PRI o e
, useﬁpjelr thp hBogeheib tra!(sﬂlamrmltioglfm kedlacing giaﬁ&crsB&-h@d di8ﬁsé) 5 8,
use in restorin

ures may be
- otisal SHier SichENER mbRtEsgh St bspeet A rried
b [ r
fom @ BT PRl oL P Ml BB L B BB URDRT Il
treatecewitly bigh doeds| afwhergothaapye uithoogtathc rrémiito do @bt yet allow firm
henot he ies. Prenatal dia n03| netic defects
C°“°f‘ﬁ‘°§sc%hﬂ;!£%g% . in e RO GO s phDE puored el
(Brug@k Me et AI0N gl ﬁmeaym*zss ngi Szvfuliﬁiyﬁ: Bf 2981864 SPQBE),
In utero, anal ysi s 't hereof for denetic defects.
1996} ef er r ed, non i nvasi ve nmeans of collecting 10
e \ e r gt ryo
T SR rClrapladtn. SRorBARE o7 o Qulipf BF O BlGpeni
phase, rab iwell naatoaag -térmt mgmﬁmemhsrcajclalmmehmh of intezmbdiste amd late

proatiibT Sl R WasnPi T Ses e 418 whdishon L dgparsienred

matubdBéROtheRBy shortening the cytopenic phase. It is important, therefore, that ex-

- vivo expanded cells include, in addition to stem cells, more differentiated progenitor

30

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 sérve_ this purpose (Sandstrom CE, et al. Effects of

UL ow

t'he duration

hemitgﬁjé s&?tgem zi?éi{: (Hﬁ a?'f:I the In?e%i 5 Im%gllf%?tmnngn g nﬁgph%treemsand

n

A
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woul d be the expansion of such cells accordi nngt}ebbmaryzoor;

nmet hods descri bed herein, prior to analysis.

present invention, therefore of fers a neans to expand
wo 2e07lotgroni ¢ cells 15 for applications in pegaabalooss

di agnosi s. Gene therapy: For successful |ong-term gene

therapy, a high frequency of genetically nodified

stemcells with transgerés stably integrated within
CD3fihesell gdertipe and perisipiombin gatviioy expagmin efrestipheral Bwd
monBﬁ&?e‘éFcellX‘@l&o% %@5‘58”?‘59(32' ty of cells are cycling

rogenitors an récursors, stemcells constitute only
a Smhl ctultbreaaﬁayolre odefitl e reﬁd):ﬁngZEbnpmpaieas iimnecd;ﬁdltsmsm of

compRElR Hifed Fpr s oS 55 Biel g0 B ARELE SFRDOV S ORI & vo

shore@ink Fhcipieht Wdné Ohartd¥ SGEReHO TolRfwikd) CohveARSAENAdIbD IR
the  host genonme. Therefore, gene transfer into fresh

- chenpphesanish cel Is is highly inefficient. The ability to

eXPR ladﬁ%{ 1§ (ﬁd%ffﬁgl@ ld@{"eb@nmogcalsb%eéalget’rle ﬁnglaé/rﬁ)als

regu ate thelr ce di vI SI on ex-ViVvo V\DU
involves thencdllngtioe ad e:mbwombatﬂllls iftom afprtgmemtrwgmxetm ate% and
mad' f ication (P
anat GRSt Bl Ry ARy R AT e ollegnge
embiyeflic @tlBtmalves séﬁaﬁrﬁms Sﬂ’k&hﬁrydrﬁc hutdaked réd) blédtbdell iphdc@fsagt S

mﬁhaco trtutrvg active transcription factor
that \ippe Anfilfsptsd injg: perinBeral ifernab/citgylatign.  jHawevee once  the

quan%ra%f theeggé?fs'ax\é%uitﬁ"ﬁ@éfb‘et Qﬁfrﬁl@ﬁ’aﬂ)ﬁe&h}fﬁ ﬁﬂh@}ﬁ%?éﬂgﬁ‘l%ntl m

defined Tynphoid 30 subpopul ations have been sfudie
wouldrhg thsexgpatsiom of duqbtqeﬂeaqcnmwn meethmgy destribed hierins prior to
s, OO0 Bl BRSSO E L0
forabylimh@ﬂydmna&mdﬁgmne mar r ow CD34+ ceI l's in-vi tro
Nat.ure Medici ne 46, 1996; Hesl| op HE, et al @fg
t ePfrte deragy- af‘?ro‘?r‘r"%"FSfﬁ‘ln]r‘Pﬁ% g e@a.ﬂrrﬁms wvofrermcyz 7

genelbdIg QR bl Gl ce Wt k3 RQ81 QQ@@JmtggmteE@?ﬁlﬁ' tHeuBEerane, od

virus infection by adoptive transfter of gene-nodif
is anyphligatospreguitementT In| Wﬁtﬁ@@ﬁjt\@@]e thamarpetnyoneﬂs e 0201"351

X t rtl cul at e _nat

prog B el Bt ot ol 2 S B b sl

popullutioh andrebs d themi ade 6 4 d;mescerffamneﬂyclﬁgsta’ﬁ@ mnﬁhsed&%,)
treat nent .en es. the .requi re(% nmune res onse

retrogllrr;ll-{]réeiﬁoa%@gu:@eqcp@ rdivigig for;ipfparatiop g %ngé‘ew
host Eé&ﬂ%e r@erefdrd %bﬁeaﬂrirﬁfepﬁltd?%ﬁrﬁlﬁrs%nﬁelﬁlm h1§lﬁ9$l?é?@c§£rﬁ

et at rospective random zed tri al hi gh- dose
The leilerr'r)emmd-arzplerr wdaoprlation efosigmisells and tovrregth\ate their cell

divisiHTBRON) NG SHALE Gk Tdh! HordiBld rk e (AR AN O

nced Cancer
modifi2@jon1@Pammjiters Rin g{@ulamrrg ef mwtﬁblethmfemagmed bg cheevye Hretalsv o

10 expa ednonsecrfrc iLler T cells
apped BBy DA 2 - DR G ERpt Withirrgpstintively
active tahdckip@én Pigtol, YWIWRACYDPRR - Natl Acad Sci USA  91(4): 1219-1223,
1994).
Adoptive  immunotherapy:  Ex-vivo-expanded, defined  lymphoid

subpopulations have been studied and used for adoptive immunotherapy of various

. malignancies, immunodeficiencies, viral and genetic diseases (Freedman AR, et al.

Generation of T lymphocytes from bone marrow CD34+ cells in-vitro. Nature

Medicine 2: 46, 1996; Heslop HE, et al. Long term restoration of immunity against
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Functionally active, antigen-presenting cells B%ngla 2007

grown froma starting popul ati on of CD34+ PB cel
cyt oki ne-supported cultures, as well. These ceIIs can

WO 2004/816731 present sol ubl e protei n anti gens perashRlhagous
T cells in-vitro and, thus, offer new 15 prospects for

t he i mmunot herapy of m ninmal residual disease after

hi gh dose chenot her apy.32Ex-vi vo expansi on of
EpstgintHagevirysriaetioni gadtptive iranséer of | gene-modifiedk sivus-specifls dd

I ty r C

iy, MRl 25l 0B RO b o Rl AN,
proc&oerk peitiden pohe iamvpistosit irsapbade otgginsteindiant melanerhd $n-fikrom

hugan .C top0| etic progenitor cells of the bone
Can%}{asoﬁ ﬂE§ pheral 20 blood. Cancer Res 10: 99,

199 trédtét eRhaneés @k re H:ﬁhh@re@ﬁonémbﬂ A9RcH &FRRAI NY

cells _for soluble protein an@bﬁens ex-vivo from

funciensi Fhisearroash s popsaed dhiieal wentere 45 b gRofertsie 341 | s
et al.'S Progptﬁgtgx%rram}dm%ﬁ bSal o%‘ﬁ%h%oké‘l&é?l%k:@@ alo%? %¥ lr}&%ﬁ: rﬁ}ne na

. C Massi ve ex eneration o unct
with dgmphdkineeactiedtddskifleroentladbi thlezteadtlmséﬂ pitfeosdwith advanced

e, P SO S e Dy e e
expahﬁdendnadpecdﬂc &ilRr IS céli] bhe sulstequahilye dx-vio \Mb A Qptdic

80/18 85, PCT/1L03/00064 and U.S. Provisiona
tumosflmating lymphoewtsson No. 60/ 452, 545, copper chel ators,

CORRefiorfa |a@dv‘§sarﬁ1@gn fn%EénHﬁ’é Gelfs e&)ﬁlﬂt W o8k Efﬂ)?rp b %Ea?tmg

each nodul ate theé self-renewal of stemcells via

poputtitibh ef €D4 PR bamyn cyediimcduppatedichiltbi@ése it wells €FHesd dlls can
events that |l ead to reduced dlfferentlatlon and

preseé%%lﬁwé@r%?vé|apteg&rl%lfq aolggoust e pslisgnwisra and, s effer new
prosx?@%* et 88 hPRmehSREy 'EPMERAA! r&dﬁ%d&sé@é’ ?trey h dose »

l'ecul es that are ™ capabl e of ucing t
chen@ﬁpml ngx- aWM@wmnelpm@t intigent-praseoting deqdopulcatls dms tbbﬁaut

h t | at
suaikEPLETN - Oy Bl bR FRR ot it BB b
techﬂddIFgQG{BelﬂMdihlﬂ . Genetifien gﬁ ﬁﬁﬁﬁnoﬂfntaﬂhtgrypieﬂm cells from
there Is r \ od of ex-vivo
humﬂé&ﬁﬁﬁ%ﬂ %@mgomﬁﬁm BiP eaﬁoroﬁﬁe%&bgtéeﬁwemagogt% Regiphesal
bloo&\mah&r Rles 110999, 3993 FFstTF et AU BRARRIoh ¥ hMlgLeHJE’réQéx{tﬂnE gells

differentiation of the stemcells ex-vivo.
for sab'bk@r Protei ewigensi ex-gisp doam @eriphieel M@de@ﬂ%*nhem@fpmﬂ%

A b t ietd I -
prog§ip G dn Rinddf el e DEABHAP ACHes 190NN $al
Masmmmcﬁgtbnaeﬁdmofmtttmdlrﬂaﬂhué bﬂl@tﬁtoﬁfmwilimmnpaﬂ@idi c

em and eni tor _ce ex-vjivo cul ture

DroB g o1 P Teiey Bo Heiafol JouHFE.0! on_an ot ¢ he

sa&@exstdhﬁﬁs,sed flbricf E&é{ﬁw&% A AP detRA3A 6#(1@ l90R0Y83y1 Ly
of CD38, th ereg%gex pandi ng popul ation of

WO HYHBBSH oPET k3410064 cad| ¥, S vW‘rpV@oml Pasent sApglicaiione No.
60/4%;%2 i gdég#rq%&%o}sstne I?? gteg Ec(u?c%/ lq:hr‘l(tlg n]éjtora %{t?%mg{s éa@ﬁhe

modyléte alseselfremamtab phHsterhi cellsoia mdafﬂa:eﬁr patieVdy s éff¢cting kdiffdrent t he

cellular events that lead to reduced differentiation and extended proliferation of stem

cells. These molecules therefore represent a wide variety of molecules that are
capable of inducing the effect of expanding a hematopoietic stem cells population that

is present in a mixed hematopoietic cells population.
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entire repetoir of white blood cells present i gehruary2007

bl ood sanple. In a healthy human being, the white
bl ood cells conprise a m xture of hematopoietic

wo doeanesrges comm tted and differenti ated celdraroesioosst

(typically over 99 % of the nononuclear cells are

| i neages 15 commtted cells) including, for exanple:

Li neage conmitted progenttor cells CD34+CD33+

( MPENGEi ccershing tor g aspsct of the emsent DBatigr {harshisipebvided a

14 nd + LMYOCYEI L, ted

e T e P b PP S BRI AT SRR
sam¢ iyns| eulgtantiallycimhibgtingr differbiatiore of dvedstamnaetly teesivo. The

- +, 4-CD194, (T and B cell.s, respectively),
meth G AR o (TOS aRERt Oty esp Imyep O R PR Brovgisty 2o
hematopbietir hynapuclee roellOwhiel ebiBprisd Ghmajsr X3 Lo hem@Bpoietic
negatiye (Lin), CD34-Ljneage  negative CD34+CD38-
COme%gicellﬂ *1"§ aTaer fraelien of hogatonpjeli aud prRgsmiters . atithc
ex-vIBNARE | BAdItGR! fof DIE :(j‘,elg gmﬁ?ér&%g BandBhOfhe fs?ﬁg G0 £rOF

hemat opoi etic commtte I'l's and a mnor Traction of

redupiggar Gpstancandfoe astivityl of GD3§ethereby expahdisg aipspulsten of

' e i he..an rtion of the i.fe bl .
hmn%%ﬁﬁgﬁ2§&??5%?%0%&ﬂ?n%vﬂﬁ%ﬁm%ﬁelﬁﬁj6PPf tgﬁYtH§%@QE|S
diffesenéiativarofitheheinetopaieticostan tdledr-cied.l s, while the minority

of ,the .cel l.s are hengtopoi etic stem and progenitor
ceft USed Jersin, oB, Bprdsehenaiopoie ify MARAUEIER srd” Tlers (o the

entirb @&pRioRtUSTARKite HISSREAP BleBdnt ¢ ABRBAYShAR! 18 8! HeSltR! iman
cally obtained froma bl ood sanple by applying

. typica ! .
bem&ﬁﬁe whitsoRloatbepls eonaprise 2 aniredif hemgtopeietic lingggss camuitted
1] f i Q i ty-¢C i.on -
and St ells (Bl Bbr o8k 4R IdaERACRIS are incanes

centri
cominfied Fiatls) lindHydia ufer aexdmplee Lideagel commingd Windgehitor cells

ool Wl Bmmap ksl oh bbcuaal Sarvpied cabs)

CD3FDAI(he@dhAioc 0 RidditieHl 6eiRY aREHifide2RRRMO0RAGE 1o8% As
ed herein, the phrase "hematopoietic committed

CD3éu’Z(mb@*°i4Se puches igenulgeytesesndrinonaexies) NER34 6P3i, i @A s
e o o . on,Ee
(T afd Lol g AR OSSO Bt fble ROl e

and easlydproganiter sellss sughtas alD34 Gintage tregativiei @ iIs)) ¥4 Lineage

e ietic |i . used herein, the phrase
negag%e@%af‘gggi%t(ﬁ?wg]{l]ygﬁﬁ%gl@nﬁs’(" ‘refers to pluripotent
heThaiphiasd Geinatopeikficmbrdaticlead taIR WHidhCofpHld a Mhj¥Mrittion

condi tions, nmy develop to any cell [ineage present
of hematopquetiqepamyprd-cells and; a yaiper frstien of hewptopejctisostem @ad t he

prog&tbl LARY is LEENAGh qo NEIBLORR) ?f:f.tign G the %glb%c{do&gs
responsi bl e for generating ce nmass 1 n e 00
fractipe, ig . whidbDBe nfapa@itB3 6ftthe G ATRAGRDBRIpbietin eaymitteCDBMs WAL 33+

e g br el Foui il Rt P eeP P e B39 Bt
are fiather defihedlis@finidded and can readily revert to becone a

pq_{t of the earliest i )
ematopoietic mononuclear cells are typically obtained from a blood sample

by applying the blood sample onto a Ficoll-Hypaque layer and collecting, following
density-cussion centrifugation, the interface layer present between the Ficoll-Hypaque
and the blood serum, which interface layer essentially entirely consists of the white

blood cells present in the blood sample.
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renewabl e hematopoi etic cell population (e.qg.,;s@EBAfkry 2007

cells, especially CD34+CD38- cells). In normal hunman,
nost of the hematopoietic pluripotent stemcells and
wo 20030167355 | i neage commi tted progenitor cel pgr@i60sebiedr-
The majority of cells are CD34+CD38 with a mnority
of cells (< 10 %9 bei ng CD34+CD38. The CD34+CD38- stem
cells fraction identified the nost inmature
heftfit 5pdi kergin, &l phrasenfihenpptepoietie agrapiiedfeeB] feferanewal
_ Ltili o ¥ Cotian, Ay -
G0 KA e bl BT8R0 2 AT A AERNAR wllrc
linedg® ahChempe eaCidey cdopdueikhpiyistobgicahgeditioas sitbetamtindle oafy ohe
thi st e.? ﬁel l.s aqd del ayed proliferative response to
is PR PRHRLORAICUE IMEABEa Wi th t he CD34+CD38+ cel |
f r Ag tukedNhereifr) @8 PRiakd/ 'heNRITPLRAO SR Eellst &MRrs @ hRiribtent
obt ai ned _by further enrichnment of the henatopoietic
hem#emﬂwcqelé%l{hab @fvea thayight geth gonditiong Taay dexplop gnany &ell
lined2€ PrédehtB18bA. ONTIRS gh\qgef' G| hed 1'1%&% eretf'c;]éh b&laflld I thf€hrliest
enri chnment process I1s typically pertornmed by I nmuno-
renewBble bprnatepaieiic osll pbpulationsiresprosibigriet genemtinm cell mass imrhe

iy b S B, dr.fractj + +1 nrighed

oo 6%, SRR TREIS b ASA LR OB ALR: LUk B
veryartphepaogdietic progepnotcietirwidel % samewhadinicz€ diffecantiswed,f or

obt ai ni P'\%E %{;pﬁdedﬁggﬁgl ation of hemat opoietic stem
yet @ig| 18 copmtied, ant san &gveftof Beoampe Pt AfrRe CATHEN
reneRibI© herhRofXRR B PBpulitidR g@.g%/ CRISEAR! dsBldiallySCRYCHY8 Ng

the process in terns 30 o6f both efficiency and cost.
cellshs used herein the term"inhibiting" refers to

LB, A5SECRDLT 5 Y L BB s

lineaRCTeniB0OB/ HORARdr 36lls At (DA™ .he RN miafosityt @if meells are

“di.fferentiatian” r r rel ati.ve general i zed or
eosg e iastioniasdlrir Tn i pebe Rt car

di THeer@mM4 @bBPN sRfn VRN Ofsetibh NRRGETes| $he? most immature

wel | - docunment ed process and requires no further
hemafengigticptoeln Wdidhi rare Agapabled of e palf-renewdle anér multilineage

. . e Ndyl: N i i, JAC kAt s a

iR Tl cOnh g el LT IR RR M
IC) grevCHl camd exhibilsi bhgar mpieehdrice efethe ttympecaiint andeddlayed

o <’ iplakies isaprouy i e PCCHAERR P o

depigdehide hemPoRG@RSstt cARate obMifd ByefufthérQ@Rrichment of the

substantially devoid of cell differentiation. Cells
hematoppietiq rraenoguciesy iseklss pissinechion diffenantink danaityt pentnifugasion as
s BRI PRI S5 AL S LTI SR b ot o,
sepatdn sich Bx inameioonagudticsepaedtion oi BACS asd meuisah b sellifhaign

that irs] %grllacthg&) R)ir gg&aﬁo&?&?ﬁ@%&' c% sr cells

Hence, using hematopoietic mononuclear cells as a direct source for obtaining
expanded population of hematopoietic stem cells circumvents the need for stem cell
enrichment prior to expansion, thereby substantially simplifying the process in terms
of both efficiency and cost.

As used herein the term “inhibiting" refers to slowing, decreasing, delaying,

preventing or abolishing.
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as a source for the hematopoietic stemcells, @Febryary 2007

taught by the present invention, therefore result in
converting the mnor fraction (of less than | % of

woO 2aerapoi etic  stem and progenitor cel |l spefAS&Ic0dsE
t he nmononucl ear cells into at least the magjor, if 15
not the sol e hematopoietic cells popul ation post
expansi on, whereby in tR& course of stemcells
ex %nsﬂdﬁmmm§Wd@mmfdf%@nw®hh%nﬁh@uewﬂheﬂy&ﬁbgﬁhnﬁuulIy
t yivo"
spec@g%egrcgg%ggpgér%lgoC{éezt%pméo‘ls V\ﬁa?ﬁif grep ?atlon g%né)ﬁ%\l}“%e&%%%r.s a

well{dbatinreyted rpg:a:Bsi;sSdﬁd 2l 180 ﬁrma&@&k@dom héreihdé\stused herein
As used h rein, the

test tube)
the t§HP e Rl & cisti: kpe IR Ds o8 Welsh if S PSR IO GoEE

timed¥ssoctiled Mtk Relf @ivlsfonk HOWRICK @ sBédPﬂi},a&%tt? @ﬂlaﬁ{lrd @B-fhdtof
such as various cel[ [ines (e % Hela,

and thenediys, g vieprastamseed aeH deather Mr ds ceI s expanded
eXTHé ?Iﬁas@c‘ccglrl %'xghglfllt)f? if n&dpﬁe‘?%ﬁ Q% de%‘ﬁﬁ@t " gr'&cégg’ 0P el

transtforminto i nes tually
proliferadion gxdnstadilaﬂlyeiemidl pEellatifferéitiatiordi Cajis tHaEuretepgmenmngmuvm
i ti.ons oI|f rati on

henoGarit ik oG Soteb ook Bl Rn iR enseRrania iy

reneadtds ellaklgy, rvievibloemaellgior e cytokines, as is further
det ai | ed herei nunder. As nentioned herel nabove,

c Jreananat fematoppieticesiam erYs using hamaionoissic onenuctear cells
as a @9&1@@ fre) ﬁé‘rheﬁl bletd gtancc%ﬁgﬂ'&s't&g@t %g tﬁ{ g&hén%\}eﬂﬁon,
e e alr e

s to pI‘OI erate ex-vivo
thereﬁ:h‘@ result &y eonvertiag thel munor| foastjent éf dess thaatle%) obhemathmi;tic he
act |

stem SR PEASHAP AT REn P BRI A BB (0, Rl G i

not tlamsdle/hdn)atdpbwﬁ?ﬁ)e&s IpSpulﬁicfnquteéipmsmﬁI Qﬂérébmg theh@)ufs@df S
h an a t that |ntp1l|é£|ts CD38 activit

stem exp??ﬁ*ﬂ ¢ gpmmitted cplls,arg gither Supstantighy @é{m B 311'3
PGIY h&eaol%élp QRORIm 38 v Ysted thef Efo@es@ in Q@ﬁ&l cellsf are

inhibitor" refers to an agent whi I's capabl
remoyesivipa gulivang erganism ancope @mz@e@mmc pxgamymu(o.gs tiremn

bist or . ordin ect
est o B uaRe R PR ko ht BRVETeT S k0 5 BSEkse &
whichvbéllstknbwin 't(blbrbﬁagﬁ@%ﬁm zmhvmk-)m Stkoh aﬁ@hﬂmﬂs eyl Dsesdag., HLAAQ; ect
I.NnNni DI e acC Vlt or
MEL Eg}rw&ﬁoﬁﬁe slﬁt“& n othsh éﬂOFCf% eﬁ:'é %A @-V(‘@ ggeording o
the pfoféthvaRbnl 3630 Hhdforfi iadaell 'Piﬂesoﬂttﬁﬁ’ﬁ%)evél{tu gnﬁ"lﬁergo

SI gnal i ng pat hways which are effected by
differgatiatipnt y. Accor di ng to presently known errbodl nment s of

yﬁg%\g@iﬁgﬁ%teé%gg pc[)ﬁ% grrqﬁ cql_rtslr%gp I‘or %.{J iuvo céi%ropi%mtlgg s
includanfrodiding rite cetlhmthatulmeﬁts and preftrably With brhd & mapegtokings, t he
as is R)rrtgcsaredgailed hereinunder. '

' As mentioned hereinabove, concomitant with treating the hematopoietic
mononuclear cells with conditions which allow the cells to proliferate ex-vivo, the
cells are short-term treated or long-term treated to reduce the expression and/or
actlv1ty of CD38.

In one embodiment of the present invention, reducing the act1v1ty of CD38 is
effected by providing the cells with an agent that inhibits CD38 acttvnty (i.e., a CD38

inhibitor).
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invention is effected by providing the hematopgig! ;"LLE’BYZOW
nmononucl ear cells either with nicotinam de itsel r
with a nicotinam de anal og, a nicotinam de or a

wo 2004ebtinam de anal og derivative or a ni cegtmanizdenssr a
ni coti narri de anal og met abol i te. As used herein, the

phrase "nicotinam de anal og" refers to any nol ecul e
that is 15 known to actSsimilarly to nicotinanide.
Rept disdriesin e (x3Bmphibifor freﬂqrsd@tannwwtdthbn%pwble of

dowﬂr@%{l)&tﬂflﬁ #pg%rgns}i%g ]'()fgqf}cﬂb stegle&ﬁgm de,

anal og of nicotinam de),
ni b(ﬁD%l lohlbrtmrdacamdmg{tathmaspactldﬂ died prpseopineeaition e He aThe

“aref iR Ter Dol SRR AR, Hrifid bl B o SR, Flwiey
whichiinldbitsnteiadgvityt Siebxpredsior0bf @M38NadnelghgOéonitoaettd (bagn the.

Fﬁ ngl es 20 of such derivatives include, w thaout
cADPR ¢ gyangfline stggaling: Rty Deti bt chignal ing pdhy i rch are
effecRid®9idnmRHLARS. and ni cotinet hi oam des and N-substituted
ni coti nam des and nicotinthi oam des. The phrase "a
ni Agseidingniodpresantly knpwotcmbadingats aofathisgaspredt atfché pescsent

mVCI‘[tl%tl q{léotl'i‘lgmldp 1S agﬁi)%%g’le b('[}?g irfhibt ‘cof’ier ived from nicotinam de

ere suc ds, for 25 exanple, NAD,
Mmﬂcamdoﬁ%dduﬁnt ehméthu@icyordmg(ﬁmﬂs aspédt lof the present

iverf g, SRR, BESHBITERIR DT AlP et D AL o SRt Wy

nicotf4miRl iRelfl @ willfa ncbBBmIRLALME | £nid@iRinie drheli®Mamide
|nh|b|t|ng CD38 catal ytic activit It will be

analogysisrivsgive pramicetingtige or & Rigptinamidscanaipg Mefabolite,

A BSFALUh e BESLh AR G500 R Wl a6
knowmetohaca sieilatlp to Imncstmmgheckepmsehtaﬂge‘rexmqﬁbsaﬁﬁ mdmma:iymsla ch
analos b8 gy SR ol g i RS Stiourigs Gsghipbargios et
mcotfﬁ@ﬂde}- #38HiP9618 8dd §me5@1nﬁ§l@%?op1@ﬁﬁ: hagdy"” as used in

his i’ nvention includes intact nol ecul es as well as
f Uhe tphrasal'a figetipamide or a hispduinidsanalog dsrivdive” rfeabto)apy

L L e T

of wﬁ:bldleﬂmnresl:mbludé heitonamiation)vBubetituted rtieAzantdas, sabstitu@d ent
ant | nd| n fra n.anti bod m)l ecul
nicorB s BitbqUEOloi N Gos e NoRERIERS. BROTHRFSwoEs

. mcot;nlﬂﬁoangg@yrre papain to yield an intact I |ght chai n and

a ortion of one heavy chain; Fab', the fragment of an
e nbehge (Te Ingeotinamide gt admvttb@ndbtaaala@mekgbotﬂp gefemdgo

prodmo{hgt Q@tdeg fr&ﬂnt Jf%u? %Qlﬁlde orfif’oI l %V\ﬁg S t%e{egp%bf% tag,gfort 0

an 1 n arn an
_exambbaM&&DcN&lDHaﬁdMABBH fragments are obt ai ned per

ant.j bo nmol ecul e:. .10 (Fab t h fra of the
arfte g%@bﬁh&té@%&n iyt arortie thisc 28¥rig gresent
invention can be an activity-neutralizing antibody that binds, for cxample, to the

CD38 catalytic domain, thereby inhibiting CD38 catalytic activity. It will be

appreciated, though, that since CD38 is an intracellular protein measures are taken to
use inhibitors which may be delivered through the plasma membrane. In this respect
a fragmented antibody such as a Fab fragment (described hereinunder) is preferably

used.
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anti body with the enzynme pepsin w thout subse
reduction; F(ab')z is a dinmer of two Fab' frggggﬁlfugryzow
hel d toget her by two disul fide bonds; Fv, defined as a
wo 2eelRbiical | y engi neered fragnment contai ni pgriisoo0es1
variable region of the |ight chain and the variable
regi on of the heavy chain expressed as two 15 chai ns;
and Single chain antibody ("SCA"), a genetically
enbfierterar @atibasly beaused indhis mivertiog incldss indact mpleevlesagivgi of
' [ =Y oY ' f y
o Aifor] Gl AP S 30 R BEOFO Tl ard PEaBERYY
bindipe nembaeaptagest Thest faictighabantibadynfrapmieatsiarede fived dsdatovef

e ko, et BB ARG BV PRSI Bk TogmaR Al ory
an abibpdR moléRle] c@p b gﬁoddaécpw digefidnh adfokNole aliBdY QFith, the

1988, .incorporated herein by reference). Ant] body
enzyme yapaiintoyicle anintichlight ehainpad g pedien of pnelisaty daincan” be

orepa . . . iy s

( TR eiBbnen EBPAERAGE blcbule B b SENFRRY b e
wholg aotitwidy with pepstrs ifallowe§ by mdudtionfto PN ariotadi light ¢hhim and a

f t.. 25.Anti bqdy fragment.s.can be obt ai by
porigh SRR Ry S kO B Mt B O iR ROl
CO(Rably tenfedgnzrt &S antfbody thyaedal ke, oblditiddigdyeatingghsiat s

.can be produced by enz tic cleavage of antibodies
anﬂmﬁs_f it S5y e, PR Y S L SUBssaens Fpdrfion: E_élt%?t‘éa dirpeiof) 2.
two Fabl ﬁagfn{eﬂﬁrﬁ@ﬂttoééﬁﬁra Betwotliullfle bsh@aved using a thiol

reduci ng agent, and optionally a bl ocking group for
t hBv,sddfmpd @8 A sepcbeabls engisedred figemend moplasuneathe wirialde
. di fil L u 3 Fabh! V. n
erfl T e o SR0RE B SO e RIRERSED
chaipgepdi n produces two nonoval ent Fab' fragnents and an

Fe.. fragnent .direct]y. These methods are descrihbed,

o sinkle i anitsgh St pptpie engtnpsred mojsculs gonjaiging s
the vaiighlkeS3e oS lighRBaik SlRRENFEBle FrA MIRCheh RESHRInNlinkali Ch

patents 15 February 2007 WO 20041016731

by a ptwble polypetide bee a3psengtical hssaspjnglaheingaelequésd by
r af ce jn. i [ : .al,S0 e :
A ERER R kg b BAYRE o JopR e Bhicfr ol
Harlow ersiang, Amtibothied iAekabomttair Masual SEghd B pidingoliiarbér Labertpry,
[ o form nmgnoval ent |ight-heavy chain fragnents,
New%f]?%i’ﬁgﬁigt’ "FP’@’QV@F&@’CER yr%%ﬁ?ﬁ??&s, or other enzymatic,
Cheiibed} fra@herlie RRbidingt BCHE DRUES ARG S Be E@p&ﬁé@Gy SO
long as the fragnents bind to the antigen that is
expresgien gk zed aynantealian cellst(e.g dptingse dgmstenovanaepieqltare or
herGROBh e hains. This
other ssome F%Lbniirsgé}ﬁ%g%%gg‘ceggog?@n@ﬂ%%%eggscr| bed i n Inbar
etAmbody ﬁagmentsl%‘ He ohmginéd bPqiepsiUBAPRICER&tioH 3f widle 2.
antibplite by SonySiitsal a0, | B! Sxafuple, "By Regments S BY 2"
produced by enzymatic cleavage of antibodies with pepsin to provide a 55 fragment
denoted F(ab'),. This fragment can be further cleaved using a thiol reducing agent,
and optionally a blocking group for the sulfhydryl groups resulting from cleavage of
disulfide linkages, to produce 3.5S Fab' monovalent fragments. Alternatively, an
enzymatic cleavage using pepsin produces two monovalent Fab' fragments and an Fc
fragment directly. These methods are described, for example, by Goldenberg, U.S.

Pat. Nos. 4,036,945 and 4,331,647, and references contained therein, which patents
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10 disulfide bond or cross-linked by chem cal s sgugR882007

gl ut aral dehyde. Preferably, the Fv fragnents conprise
VH and VL chains connected by a peptide linker. These
woO 2804ngd78t chai n anti gen bi ndi ng protei ns (spbelmaGoo6s1
prepared by constructing a structural gene conprising
DNA sequences encoding the VH and VL domains connected

an_ ol igonucl eotide. *he structural gene is
are hrrglér fnegrrpied bih redsiprassigi Bair veagtedr | Smagﬁ Pateg5R. R,
BiochUS FAHENT 1913601 R0 efafdy | el o'r%éavagumﬁdm Rh s
recohbi nant host cel| synthesize a single
Sepamuby pé pcavm ehsuhmiorfoml n‘rwuwallemn kglrt-hpaqyt dhdie Mgnﬁgﬂsrﬁynhhe

Met ho duci n Fvs
clea{ of FafFRy BF oY ehitatios erghiaf b Gl eliia il apy also
be ubddl boldag aPthe Fragrhéifts bihd ol the Bhighn @liat & recoghizb® BE ehe intact
.2%2: 423-426, 1988; Packet al., Bio/ Technol ogy
antibpgy.1271-77, 1993; and Ladner et al., U.S. Pat. No.
4, %ﬁagﬂ&ts Mprile ardfhsbSatldR0ERY, dnﬁ rﬂﬁfn§t"ﬁﬂs Bociation

reference inits entirety. Another formof an antibod
may e ag!m@mierit,sasaleq@equ iddnbabefiahgPioorNagl ¢adgPe. USA 69:2659-

2. PP AIEMRE: (eIFHBET R0 o8 IR CRR BERAL IS

disuifide doudicrt drowg- llghrniebj eenidlsnych beglGiildehyden Faefetablydtheof

nterest. Suc enes re pre ared, for e | e,
v {5 REPES (AP YHaPdon e Fopees Egmwﬁvtr%%g@( W Ibse
smgﬁaj%ﬂaﬁi %ﬁﬂl@ﬁ'bﬁhd‘ir%%r@t@m& (5@9) R ré&parca by oRENTIRIOA bt RCRSaT
I'ls for exanple, Larrick and Fry, Methods, 2:

genelcr)mpmsng P@@&sequmwnzehng the ¥ a9 Vodpmminsesaniested by an

oligdiEESHRL. ARk 'sQ‘S’c%r?lS At & ﬁF@r@E G an TRHESNGRe@E, which is
I mmunogl obul'i ns, i I'n chains or Frégnen

substchlemtbomtr()thmodnnasa hésy pelFabh aFEbbqll F(IRhét)oﬁlbmranbhdSErzclls

s 35t AR BE BRGS0 9°
domalﬁrmmgio@bfdr lpfbduﬁh@'ﬁmszaeéjdes&ﬁﬁeﬂbﬁd keﬁﬁn;ilé‘ Gy USRitIOWERAR

ogl obul i ns recipient ant X whi ch resi dues
Fﬂp% Mﬁthqsls,@o ApilehdAtlaPyrdgale Swrerﬁe R ﬂ%ﬁg‘i‘%ﬁr 1388pRycket 2l he
o - BT E 77 DT [t EEUSES Pat AR R, Bhic
is hemby nubltpptateﬂ?a)y Fefbrenraily it9OBivety. WO 2004/ 016731

/1,1.2003/ 000681 39 h fi
F g Fosh ity MgmeR " etk iRt Rk

| comp’laﬁd:rdatﬁﬁ-déténﬁlﬁiﬁg h@gmn ((cmmmrmmkqﬁprhde@ (B BiriA n{eafgﬂrﬂmby

gorres Ondl non- hunman resi dues. Hunmni zed
unitsahgans A éaéneﬁgv AnEHcigh s encediag thedeDRaE @n 2atikody sfind
:nter%%'R tiRh gehél ﬁrgﬁ)répg&'dpfcﬁrgxaﬂme' gql\ém p@ly}rﬁ?asé TRARt ed

or franewo sequences era
reactmm!nmynﬂ;elsl@nthﬁ bf@dgblwdgionc@wp R4 oéwbsbmtpr@dubmg akells. of

see, B et LB o v ABRETY o000k e’ DR regione

cdnummadfoms tofiosom-Hufad @QN- hmam) mmrrumeglafmhmnand
al | t{rSUbSt jally all of the gi ons are those

molegifles of jmmupog! %mmgrqhv%#@éﬁeaﬁaewwheéo (Fy¢b 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 detcnnining'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
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' havngg fh_e des@‘g

humani zed anti body optinally also will conprisg Pbruary 2007

| east a portion of an 10 i mmunogl obulin constant
region (Fc), typically that of a human i nmmunogl obulin

WO 2pakomes1 et al ., Nature, 321:522-525 (1986pcTH S630e®an

et al., Nature, 332:323-329 (1988); and Presta, Curr.

Op. Struct. Biol., 2:593-596 (1992)]. Methods for

Jhumani zi ng non- hunan anﬁ9boqi es are well known in the
Hél?f‘ﬁlﬁ%,f: affinity paf capaeitya i pasRsStANess: & dragewpik e

resicdiidd 8P ﬂﬁcﬂlﬂ‘lah_eiﬁm&&@g:loﬁﬂfhr 4 _lll’_ﬂagésée& BY Qoxliq‘%sﬁ%ﬁcfin héidnan

_source that is non-hunman. e non-hufan am no acid
residuessi dursanized anidlfadies nrag fabso ceniptise ressduesrpbict: arecfoimiimesther

. i ch. i cal taken f an. poport, variabl e
in tOICERCAE Eprtolft 58 il o Rifonet EBRCH, PG SPiishRsg ™
genckal) dhle\hiumgnitduleamieédyodinocfoxﬁﬂisé (ﬁjbstaﬁghﬂy @ll-ofQE ﬂ@eﬁtSOnEe,Jm:des
.e ., ture, .321:522-525 986) ;. Ri echmann et al .,
typicRly e st 45 t@@%@ or gbstpiplleaf g CDR Segignsce,
corresB&idltd Btbsd Snon 1R ImmbogFdudt RRilalllod s REnfAY 8N lor RS
or .CDR sequences for the correspondi ng sequences of a
FR pgivmps antthoseagl 2 swssndimmingglobuln consaists seaeastt i 0d6i es
-2, 1C QiR G, C b ogh a( - Pa 4 564)
hum%h‘%ﬁ e ?E@E%s?@ﬁaﬂlgl %@f\glgs U?'ﬁ%rﬁslga!ﬁt iln taéat pﬁﬁﬁgngg an
immymogiadplie conktantiregidmaichetypicalybthni ofia duimay imminoglobulin

cOor,res di ; £y non- h SPEeGI £S..,LN
ongsol oy RaRs 3285 Loebh lhBunay el 'y el e
(1988)) indRditg Tuk OPhStaibt. Biol $2593-§39R19%5]. dues and possi bly

sone FR residues, are substituted by residues from

andPBgduLr dumaaizing nopdemen antbodise pesweliknein hthebtiti es
e Y S 2 L ol d B el 17
it fropmHe sQyerroibeiris BershuNant SihescInontitpiman Binio.acid 126due e often
991):. et al.. J Ml . Bjiol. . 222:581 (1091)).
eferel 9,5 Pl il i BB e, oo b

- domdin.e Hamanizaloaichbd @sdntinlly feforh@PRIGing theQhethat G Winter

nono Ior@lél an&i bodies (Col e et al.,. Monoclonal
and oQ;wpikgigilinues e plONANES 33Hiei2aths, (1 M6knRipchmang ¢t aly Natyry
332:128909) (P934); BUefmbslenCht all; » Sclencd, MIAYI34.1534 7{1538)BO 95

1991) | S arls{?,n Etu%h Sctence, 7 rrgjc?g Igééi ﬁtb%gggulc)?ng
substgpting fedenti GRRmeyCBBseiwentascfor thetcorrespanding séquersns nfib s,

5 ar, 4/.016731 PCT/ | L2003/ 000681 40
humeh o8B0y A eokidy, <06 B A edies a SRBSTS Ao
el L e I DU e
domalf, g, Derih g Sgwl‘fé:@%ee%of{ewd%éﬁwﬁ% fie@na nop-hymen

specit @ SREfhétice, MGlaHBEDN EntBOIEs ark $RidaB) GEHRY tib%ﬁ.ﬁﬁ P ¥ich 2nd
bod h h ed. o

antibody repertoire. This approach Is descri rs

SOmee()z]aRrp'p i lues mc[pcggiblp&pme HBS’.eSi@}CS 46, @B‘S_ﬁ;tutﬁ@, &4&5@0@: from

analoéﬁlgs@ﬁgfﬁ%deﬁta@i?iﬁod}e%ﬁ; 5,633, 425; 5,661,016, and in

ow ng scirentific publications: Marks et al .,
BiRunTaacihtilsddieg yan dd, be pr@iuc@Busing92dgus tdchinigedsdnim &l the

ture 368 856-8 994) ;- rrison, ture 368
art, ljr\alaugmg phage %mplay 5h%ragn:lés (@ooge'\lfgoom and Wg\llftter, 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 Antibedies and Cancer Therapy, Alan R. Liss, p.
77 (1985) and Boerner et al., J. Immunol., 147(1):86-95 (1991)]. Similarly, human

can be made by infroducing of human immunoglobulin loci into transgenic animals,
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812-13 (1994); Fishwild et al., Nature Biot echfplbégg,yaryzom

14, 845-51 (1996); Neuberger, Nature Bi otechnol ogy
14, 826 (1996); Lonberg and Huszar, Intern. Rev.

wo2smwed . 13 10 65-93 (1995). Al ternat I Vel ooss1
nmet hod according to this aspect of the present
invention can be effected by providing the ex-vivo
cul tured. hemat opoi etic MBnonucl ear cell's with an

o2 JPehin M e wrteeginua deguemieubin geessshayh beampadahyt or
comfal@l%ty Hounsegul (ﬁ%h%%sym aﬁsa?l'tlgéhgre @%ﬁ&cﬁoﬁ @ ?&gw@@ent

whi ¢ch 15 affects C esl s er at es
whl@beglpmatrewmb(aactbeﬂ eceat ms))u:aadshmr akht respeets) éncidingf gertehe

rearRRRMeR aBErbli® ahE e il S Romreh i SETG: o8

exangs iiGRABEL Pav. Nosms, 346807, o, 3451806, ﬁm&ezseseus od6; Glg38 4253an

5,66 U ATS B AR 5B PR SATORH Ak € DPioRgainology
10, mglm M@b@}?'ﬂoﬁ%r@&'a? e WS 84%- mmmwor%&)or{ ReilAi68

he expression of CD38 is a small feri hg RNA or

812- é? ﬁﬁ%) Sishwila st alf, detureRistashwologyHd, %%@hﬁwﬁoNauhermnse

Nat“?éw%i%ﬁ%@?’tl d%?f@@%? Lngcq ,dfj%" H@%{é '&o@‘%“‘t?é’l 30

65- 92717995)1) 49453-8), which includes duplex

I cleo i de ich.di rect sequ ecific
R 5 e RO T A0 G 6L Bl PBIET AR B
be eﬁafddajj/l lﬂfng%ei ﬂwmereenféﬁla{oﬁmeﬁa méRorhitldirVaR A Rith and
Zanpre (2002) Opin. Cenetics and Devel opnent
an agept tb%@%’?;‘?ﬁ“late%@])é% @@Wﬁﬁi%l n, the phrase "dupl ex

0l A QR ! A" dddire Igegrcf%stesgee@?esm B L 9RRUE! G AIR which

affecm DY syathesin gleeeleretlei) or degnqﬂa&mre(lat@teyatm) eltter at the ledel of

nd_or | enent ar eic.acid

the SRNAGE S B o P Bisn AP GuRdL: e o TSGR,

polynualeeﬁld 1B6leQid whith GOAMPIgRcICto Abw PegilDiddhe eﬁirés%iaﬂ Q€ CBhg
‘%M;& a DNA-RNA hybrid, single-stranded RNA

can b("é’§ fordmggbqhgta&fcw{]@e(gresgnt inyetan. gl |y purified RNA,

es

o Bty ] T Bl ey gt can o
regulatgOhy expsEgion PCCDBE 200 haD 0eskridg RNA ef siRNA, yychtasefor

can i R g e B5othu SRV GE o

(MunsbinGRSGxeef R, Dy HO{ J Bid) ThkH; 206X DaC261277(S NAb433CE)] Whish f or
of dup] ex oligonucl eoti des capabl e of

t
m°1"ﬂf‘éd5'a§ffxln §ﬂngewme@ fhishe et PP TPYEY fegradation of
mmwufa;ghltﬁ@ PFe@fHusi? deRRGEs m%&ﬁn%ﬁaefl RNA! ﬁfc@@fah&gg{l\lm)

p nucleo | ecul accor to t rese
(Hut\rasws and aarm@ra 1209) Gurr. @nm Gendtics endeDe{VRNAmentt 18r22623%ce

o, eCdéL; ?rpibt St aéﬁr}f%l y'glépﬁe Snﬁgﬂnuc'i]eo?&é"e rreﬁl,% to an

polynu c & nol
oligonucieotide structure or mimetics thereof, which is formed by either a single self-

complementary nucleic acid strand or by at least two complementary nucleic acid
strands. The "duplex oligonucleotide" of the present invention can be composed of
double-stranded RNA (dsRNA), a DNA-RNA hybrid, single-stranded RNA (ssRNA),
isolated RNA (i.e., partially purified RNA, essentially pure RNA), synthetic RNA and
recombmant}y produced RNA. j
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ol i gonucl eotide such as a CDB8-specific anti sefyS&hbruary 2007

nmol ecul e or a rybozyne nol ecule, further described
her ei nunder. 10 d i gonucl eoti des designed according to

WO 20da@1d7eiachi ngs of the present invention eann2eos0006st
generated according to any oligonucl eoti de synthesis
met hod known in the art4isuch as enzymatic synthesis
or _sqlid phase synthesis. Equi prent and reagents for
exsi?gﬁ'?h% UaeopRin e by e xg}l_&ﬁﬂ@&'ﬁﬂt&e&%g}emyesent

inveiicH is ADbIRotib&HklebiRle BHBIRY Brainty SRIboREIR RsKsSt ems.  Any
ot her nmeans for such igpthe5|s may al so be enpl oyed,

t hinstrgptiges | sengrpitonesfi duplsk aligenuslepidsn wepabls: pldmediating
RN%':érfegnEJ‘ArQBIo%e@ﬂﬂ?»%.'ah%l figopl one skilled in the
art. I gon cIe0|mordlngtoth|s
enHedentbe smalf intdrferipg pelemiclebtideansleaule acaordinighio g phaentng
. .length s cted fr .rapge of 10 .t.o about 200
vt b wt KNG oot R0 i GBS e g BRuBY o or abi y 20- 100
bagR&matiVes! rsedafll aerid®- pSlyRRRBSEde HAbIdAR can be an
. oligonucl eotides of the present invention may conprise
oligonueleptite pueh as a GIoRS-weeifie adfisensp solecyig §r arybeaymyrasleaitel
furthlePGesBWel K dinl&fir bases, bonded in a 3' to %
phosphodi ester 1inkage. Preferably used
ol Phgmucleasisies designed eccotdigdo thededchings ofithe ptebat invention

ackbone, internucl eoside |inkages or ses. .as |
can BEERA0T sscorhed LR ofihiforide SRHSR SactBiRn e pll s
suchCarengfrhiot synbssid acidlidtphb® FhihesIUBhGehém antlRéagkss frd
resistivity to intracellular conditions. Specific

execuyngsPlEkphre Synsbesisr a1 eAnaRsFial avtilables fromerlty example,
AppR&Cmibslisieths ! Any BlRr ASRE Fr sul syhfhsiPhas? §§|6 Fél,: g%ﬂﬁ@édogxg s

i ncl ude ol i gonucl eoti1 des cont’al ni ng o back

~ actugd synthesis-of thewpligpnuclsoteden isoveblosithdrethe icapebiditiss of one skilled in

the a i gonucl eot i des havi ng nodi fi ed backbones 30 i ncl ude
hose that retain a phosphorus atomin the backbone,
asOliganatlestlds iged We@rdindmt tRidtembbifiment of, thS FrefddBinvention

4,469,863; 4,476, 301; 5,6023,243: 5,177,196; 5,188, 897;
ate 15053 3163 englisplsigd lomsh rapee ShD togpbowe 0P bpsesrefrgbly 31
15-150 B3, MbRS prerealy 28390 bdses 'ﬁﬁ)@ﬁﬁi@féﬂébl%%ﬁo 1¥€3;2004/ 016731

PCT/ | ﬁ2003P/ 000681 42 5,453, 496; b5, 455, 233; 5, 466,

67hhe gligopaclentides sf theopresent imead®, 8RY ; coBpHse hge®cyclic

BB ing LR B il AL S o

phospiadiesionkskagercl ude, for exanple, phosphorot hi oates,
phosphor odi t hi o

iral ph h t hi.oat es, t eg,
orseRrbbr Pl BhEmuelGRag saiiey TRRGERHE: Akt arkboe,
interAR1daYile aRflagdt NG bRAEKYds RNBRBAY @& bell Nedraifindtk. 3" Such

al kyl ene phosphonates and chiral phosphonates,
modifisgiopsjcant eltentipeso S3sHisate rligenvelsotiden uptaksi and Jesistinity do

intraldNOBPOARGARLSat e and ami noal kyl phosphor am dat es,
Specific examples of preferred oligonucleotides useful according to this aspect
of the present invention include oligonucleotides containing modified backbones or
non-natural internucleoside linkages. Oligonucleotides having modified backbones
include those that retain a phosphorus atom in the backbone, as disclosed in U.S.
Patents Nos.: 4,687,808, 4,469,863; 4,476,301; 5,023,243; 5,177,196; 5,188,897;
5,264,423; 5,276,019; 5,278,302; 5,286,717; 5,321,131; 5,399,676, 5,405,939,
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t hi onophosphor ani dat es, thi onoal kyl phosphonat es;, February2007

thlonoalkylphosphotrlesters and bor anophosphate
haviing normal 3'-5" |inkages, 2'-5" |inked analogs of

wo 20388231 and 10 those having inverted pol apiby200R06@REN
the adj acent pairs of nucleoside units are |inked

3-5 to5-3 or 2'-5 to 5 -2 Various salts, m xed
salts and free acid form8 can aI so be used.
5,45M4P&r H463.93% y3.4600di7f7) éd476192@o 01589, 628 | B OFA k B S06:hat

5,55@31[}%*565%% .Uds; 39, %'B%%Qg §5gggp‘%thefe' n have ;

bones tT’hat “are “f-or chai n al kyl or
cyefefm#eliy lmodifiegr rmlljgdnﬁnel%bt@tﬁ | ablktages , indthdee d fdre teRamysie,om

| oal k t | de |ink
phofiofioirs, rahBheshiarabiaiet decpieriaonss AbPohgesthc

amtridﬁtk?r %H&dpﬁ&ﬁés%?s |rh€ti§ﬁg§r§i ofﬁgleiﬁ(yl BH&SHH(%J&BQQﬁﬁquﬁg’Bng

pholino link agfg% f or med part fromthe su
alkmﬂ? tHhQW oates #dcF éunhegphomtqswhmhlbﬁea( heenhoragmi aﬁ¢8de

0 nd ck es;
ot ] <4 R IR AT e
thiomdphoxﬁpbwmmdelhy I thioacitiydphesphoadiése mlﬁomlkymhmphgnmﬁk,baﬂe S;

backbones.; . et hyl enej, i
RS e T I
thoss llhh\fﬂﬂ@&iﬂeﬂﬁl bﬂ@ﬂ&?%ﬁﬁem QH@ %a&%M@W?ucﬁBQ?@hﬁﬁ fre

onen parts as

hﬂkfa‘u s B8] of % 5ut°§ 2baYarl%§alts,5mesghsa§€)@ld ficee a5l f9nms can
JlsoBe 483, 444; 5, 214,134; 5,216, 141; 5, 235, 033;

5. 264, 562: 5, 264, 564: 5, 405, 938; 5, 434, 257; 25

5. ABensively, Hodifed odzontclengide aﬁmgbosqssmt 30 Thot 5in&i6de, 225:

phosghtg'gsg atg%gfhergi’n%é %)ggeb %es6t$é 476 o é’ff oéfghm alkyl or

cycl@aliod n@idicleoskie6 Bdkag); mbBie® heteddatom and kA 7ds 438oaliFher
ol i go ucI eotl des which can be used accordi ng to the
- intergucleogide Iinkagehqr AW or Jpqre 1shers shai dpteroariic op BetRrosyryiar

mterﬁt‘ih‘i’eo%tﬁ@hhﬁ&%r TipedeSRAT IRt BEAREmolphQlino lglh%egﬁﬁﬁg@gﬁ

he nucl eotide units are replace
part fromipe sughh porbion ef amir¢leosidel Sdaxane baqkbemes,oaulﬁde, sulfoxide

and ng[ﬁ)r{ee %e’sO'}or\ﬂé&%}# gﬁ S(H a%q Bﬁgh ngg,f : eg} Il ené

-fonnmensetand thlbfmﬁhabdl@s bmbnedeamml c&in{anﬁfgl BackiINey;. suffaiiiNA
onug@l ot.i de re($ ers. to an, oligonucleoti de where the

back *zng r MsHwlepEming ang Jpethdershydsazing, baekbpnesp pplionsgs and
sulfoR@Hré Qﬂ&gcﬂes,Pgﬂe‘ ﬂa%%%éso QRP&ikerd ﬁavan hike@R, 85964 CH,

contalnlng one partlcu ar an
Commﬁid@ﬂhyﬂsgdlﬁﬁéqscﬁb it ik btsh SNOST 534,506 ei".l@ﬁd Sy 64185,

521408 SHOMIS BRS! Seliser SIeFkkY sl 358 Sypd 98"
5 46567% eS4Wﬁ§ntf§489l’63V mnoy h5 ﬂﬁ:l .Qﬁﬁ S,SD?OSG?f 5 692}@40
561628 “0Baeb 03808846, 5 618555; Bhisdod 58830850: 5865 0k

5633606 5 67 B43ves Rl S5 7o por at ed by reference. Ot her
backboné ~ modif i catlons whi ch can be used in the

pr@benpligpepgleatides whighecan ibs aibasisascoriling ) e praent invention,
are those modified in both sugar and the internucleoside linkage, i.e., the backbone, of

the nucleotide units are replaced with novel groups. The base units are maintained for
complementation with the appropriate polynucleotide target. An example for such an

oligonucleotide mimetic, includes peptide nucleic acid (PNA). A PNA

- oligonucleotide refers to an oligonucleotide where the sugar-backbone is replaced




No: 6,303,374. digonucleotides of the present;s February2007
i nvention may al so include base nodifications
substitutions. As used herein, "unnodified" or

wo 20amtarsal ' bases include the purine to basesLa68R0cEE
(A) and guanine (G, and the pyrimdine bases thym ne
(T), cytosine (C and uracil (U. Mdified bases
|ncI ude but _are not lini®ed to other s nthetic and

withagaide copaining backbrne én surtieangn @ym@@hﬂ ygige baskipe. The
base? altigaiey R4 By bo%)_»{& gﬁﬁcﬂs or 1 H)er z gﬁﬁ%@&%&h 3¢ the

2- am noadeni ne, derivati ves
amidsf portiaiieef the baﬁ@ogq,: é,mltn@ staze.s mampgsl that rtchcbtt}mpreparkgdn of

S N S RN e B s S

5 and 6,)7119}2621 each&fpleﬁ{*iy Byflerei [11@6ﬂpbra&ﬂd)y&¥fefl‘ﬁibé1 eQtter B&Rbone
osi he and thym ne, 5-uracil _(pseudouracil),

mod matl“WF’o‘Mli“\é*b Fan, b%“%%l"bthe Pregeqt rﬁ‘b“en‘gmt e disclogedipilb Ragy |
No: 8303/%i7140xyl and ot her 8-substituted adenines and
guani nes, 5-halo particularly 5-brono,
5- Ohiggnuclgetisieeofhe prasrat ivension Biay glsp anciude bes modifisiationsand

or sﬂﬁtﬁﬁén@e%s ubed R %&Xl ‘94 @Hlﬁgd"ad?dn%uﬁptbqyesqgc(?gde%edpl?rm%O

azaguani ne and zaa eazaqguani ne
10 basey adtmaedAjend penaedGR-and elbzmaindding bamﬂ thythitke@2,causine ne.

© PR R TR S BT A S

natufal ChasdsORe as O5-niRety m§C(5@fﬂ€~€) A@%&/dﬁﬂgﬂn&ﬁ&r] 'c?@sme
pages 858-859, Kr osc wtz, )

Xanﬂsefr': sypexgthine r?o@@noaéprym, &@@hﬂyaréngnhcrs @lkyiederazatwes of

e RSRUS0E, SIER) o LSRN LAORC R il . 22

15 thiour&il, Arikicthpmie #Rdskthiccitosing 5- hﬂmiracdadmdmyﬁqsmp,a@pmpynyl

2895 302.. Crook . T. .and
uraif 480 s BT, pibon s Bmie, S pcpagprmci) 4
tthUr:EbﬁIl[ 8o §-atriey, [B-thidl, r&thﬁfaﬂ(&ﬂ%ﬁ&dﬂfxyl ﬁkﬁ‘l gthblg@mshiﬁted
ése inclu

nds of the invention
adent?@% &lﬂiﬁswww baje partienlarbs 5-bemog SAp{lueramethyleand otker N- 2,
substtufdd 2Rfhcfls 6an URShiihést efjm@fﬁ'ﬂ#g i a'aﬁ’lﬁl b}q'gaﬂylgdeﬁge 8-

| am nopr opyl adenf ne,  5- prop
20 azag@anjneoppdy [Beazeadisiing. 75denmgh@d1@ytansl| Wedeasaathstinet Lanidorls

dearBA R AR JUERSTRE N Bttt i ape

No: 3687 Si)ﬁnhﬁse B&%B&rdcah Tamdodhma IBnevatdpedis Of ERGmer Sénce Baga
15 February 2007 WD 2004/ 016731 PCT/1 L2003/ 000681 44

EngiRggring, Poge. SSPapOakiseinatznl-ds s john Miley ek Sons, 139G, those
discl S NN ol CYSILIRAG BRRLG bRk ohal BRGSO 2

O met hokxye sugar no I cat| ons. 'Anot’her
25 613, rmdjutliqse, alisclosedoby Shreghoil, n@cﬁq,ueha@mldemusensdwaesemhmnd on

Applicg%{cmsvga%os 5@3%20 %ré(}f(e o$ nt gJ_geEI[ g,shﬁ ol I | eohgﬁce

noi éti es

Suchtbiages amt pavticubarly Qﬁﬁhllfbxahcréhsﬁtgrthemiﬁdmg’latﬁﬂlt}ﬁ@ﬁ thé!blgdonept ake
ol.i gonucl eoti de. Such noieties include but are

°°mn?8?<}s| iofi the o MVEntanp; o These etnclude s3rsybstiuted  priamidincsr 6t
azapyrimidines and N-2, N-6 and O-6 substituted purines, including 2-

30 aminopropyladenine, S-propynyluracil and S5-propynylcytosine. 5-methylcytosine
substitutions have been shown to increase nucleic acid duplex stability by 0.6-1.2 °C.
[Sanghvi YS et al. (19_93) Antisense Research and Applications, CRC Press, Boca -
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moi ety, cholic acid, a thioether, e.g., 15I%bnuwy2007

hexyl -S-tritylthiol, a thiocholesterol, an aliphat
chain, e.g., dodecandiol or undecyl residues, a
wo 2hesphol i pid, e.g., di-hexadecyl-rac- gly@ﬁﬁgmnmmmm
triethyl ammoni um
1, 2-di - 0- hexadecyl -rac- glycero 3- H-phosphonate a 10
pol_yanm ne or a pol ethyléne gl ycol chai n,
Ratﬂ&c?égrﬁﬁﬁlaar@é aaf‘cléfﬁﬁeeﬂ)aerﬁfﬁrrefbbaéa|smhst1§}ar10n8n®veeﬂ13pre pArtiqufarly
e | - oxychol est er ol
Whel?rg‘%@?s&y‘g@m Rnitfhotfelidl S RAGRBRY, 6,303, 374. |t
i sAnethem aoddiwation bf)rthaalohgcpmslleotudmsof theamgq:ntlem involves

i | d | b
el B3 SRR B o ML BB e
enhanoel thei aceititg msllularSdmﬁyuthﬁ ok raemnmpadked)fl the aligoniigddatide.

ound or, even at a. cl eosi de_w t hi
Suctp POtz A1elide B4 Areatot Jigaiied %Béamﬁ it Beheas 3 fhplésterol

moiddy, 'cﬁ&m&tcﬁ‘ QlihiseRer Qg [HRQyIAY- @ﬁqﬂﬁol' J‘fﬁﬁ)@ﬁdlé’s&rﬁreﬁl aliphatic
preferably antisense nol ecules, are chineric

chaipys) gecddeeandiolny widepyd residups @riﬂw@sph@bpléc@g e gi*heypdgcyl-rac-
s T e o
poiyammb aotd ﬂelyctﬁ'jdemeglgd:dl g:hnm,cbremdalrrtie&né wtic adeldy a gatmitydi n

east one i on ei.n th 0 cleotlde i's
moicfy, i P g RS aTs” B IPE s Db B TGNl BOEhegs
disclofe@d i BE Gaf Noi §30BM78. t 0 nucl ease degradati on,

i ncr.eased cel Lul ar upt ake, and/ or increased binding

af Kisnatyiepessary fas atl ppgeons o p eivige (odsenuglsotidarmolegylsi toibonal
t t
umfcrrﬁl%} ABdiakd L8 iR %P%E&%ﬁf&@gﬁ?@%ﬁ%@ n?od%f&m& cat e

for enzyngs capa
may [bg imdogmratghinex singlé eoriprund ac veinrat bisthet Ridksside Withinfanc h
mi&ﬁla g@llular endonucl ease whi ch cl eaves the RNA
SUPHEME or an RNA: DNA dupl ex. Activation of RNase H,

t has @éwefibed he@gitdbloSe, ithe SligoavaA@tides oft ike p%ttaﬂfeﬂﬁﬁn are
reby greatly enhanC|ng the efficienc

Pref%ith Biserse gralerales.nkpieh #E Shimsric gapleoulesy éi@w@ patisense
mole@ﬁl@sﬁe% eoluc LAIRALAR o BRI S of "’lﬂorgfc&lgrﬂlch?y Rt ned

shorter 30 I gonucl eot 1 des when c
regicpk,i goin nele op iofl @k least @ne gediotide rrffhesscbhgmucleotldes typically
otide zing to

conefif9° B io% T8 SpEER K ol Beuge i oY Pue oo
uponcasa @eéonmmuﬁel ivcréhedde edsignday tod flicl@k€ categ@amﬁ embi2asedd,
i necess associ ated_nucleic acid hybridization

cellufag uptake f@ OFcHistASedrbiacing BRIy fos theot3pagh PYIypMstsptidencAn
addn?d?l%egaﬁ Z@éhe %ﬁfﬁ%ﬂhu@&g@w Q884 ad'@ subSbE R b@yﬂﬁé h@gm e

nol ectl es resent’invention may
of Clmmgdﬁﬂz&@l‘é&s DUBNW%M,A bfbridao Asrexample fqd suglo meblesRNaes,

B, Wi 4 S8l RMISe88 Whi0E 1ea S o RNEL iR s EARSA DN o1
dupled. Avtivation b RINdse HY tRfefire€ Sresults lisl dRavdgulof alieSRNAL target,
Nos 013, 830; 5,149,797; 5

theregy z%at'@o?ﬁlasc:%éhwtéﬁcwscse@é gtegnudicoside infhition; of ggeng 33;
cxpre'iszg‘ﬁ.5 @tﬁa@equ@nt@,z%mg}@ﬁable results can often be obtained with shorter
oligonucleotides when chimeric oligonucleotides are wused, compared to
phosphorothioate deoxyoligonucleotides hybridizing to the same target region.
Cleavage of the RNA target can be routinely detected by gel electrophoresis and, if

necessary, associated nucleic acid hybridization techniques known in the art.
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5, 652, 355; 5,652,356; and 5,700,922, each of %'F%BrdalsyZOO’]

herein fully incorporated by reference. The

ol i gonucl eoti des of the present invention can further
WO 20000197315€ a ri bozyne sequence. Ri bozynespéi/f.igioigs1

i ncreasingly used for the sequence-specific inhibition

to of gene expression b¥ the cl eavage of nRNAs.

Several rybozyne se uences can be fused t

ol G PRISETSA dROIELLE . BF Ert IRYRPLAY g b g

compoSHt SRicRiTes 0R Glrd! 8L mBRL oligBhR 1d3Ales! imbaitied o Rl SRolEs, as
specifically inhibiting formation of the VEGF-R
desciibedsabovear REprsesniabve A1.S.Gpaseatsh theh teedy theeprapsrasion ofsugley
0 nent | [ t TASYIVE,
nyorf RS el S BHERES (s B N 0L Y e
5,220,807Y1 5,056,750\, 3GRI8A8; (SRMBG1Y;nes @haﬁ?maéééﬁ Biﬂal 8, 623 ,065;

B g

referbiRe. the present invention can be a DNAzynme. DNAzynes
are single-stranded catal ytic nucleic acid nolecul es.

A Hherrdiganucleptiiss pf the present giveniion camBarthier GRIPRFR TR DFe
sequgﬁ: F E‘yn%g QQ%EQO?cré'angtg used?@r BRS-sPYIR: ighibition

omal n oxyri bonucl eoti des, fl anked
of gdny ekpmssmu kbgttluml@va@mfgnm%m nSmwhmbgzme SSENRBACSt80 BF ne

nsed Pl SRR RBL 57 pERET ra e, M sl PRV

are ﬁbirlhrﬁi@edp)&!\lm@ﬂm JspbﬁﬁicalQnthﬂi:ﬁifgnfmauorSoWhe&WE@Fe&
oc. Natl, Acad. Sci SA 199; for

(Vasgﬂmzliq%@ehaé Ewowdh Xéﬂf)@iﬂaffptormf‘@ir??m&?ﬂ* e &Pﬁﬁ’ﬁc"fﬂéz

path‘g?fv% %Ig? REPTAZOME Qmoﬁﬁn@(ﬁesfgﬁ&ﬁorsldﬁ&tlv@g' &E}F‘Q.I\KZHepatms C

I cat’i on of etic, englneere

Virus GECERNA By bozyge &1 mc@@gms, dnostpoeptde dV E%rhg@t’ P#Actavage
s lt'% hagve Px?q‘fy, a di i i:nlte??eggg b&l?’l‘Hl‘CﬁDtl(F 3’501&% %I el t374

nes o esl gn
mep&&&hﬁ@kmﬁﬁﬁmﬂbﬁaDNumghenase receptor were recently

b dt hi bi t t
BV AT e N ey e il g T
modk/b gﬁ@ M 98 (d,&dageﬁﬁ Bk - DNAQQQ@,haAh%ﬁ qﬁbpo@&a AIGHR3”

Am Soc I n anot her

DN/Agypies batq o reatalpiindpmeis @fo%ﬂmng@uyle@t@%cﬂaﬂ&ﬁﬂ by two
subs%;(l( F&?g gon%m%f gg&éﬁ‘ E(}'Illllrl+ Hedx?%ﬁo@h%lb&ﬁcst O8n. 0‘?&9%@65

ema ce ruary 2007

rel apse rates in_aut W tr

(Sanfoi AWt 1oKEE, G BIORL Neth Aced R e o aaiy geA

see Ih%ﬁ%ﬁ by eushin Biof 'Pﬁetrh@@Z Aetemhed in  PCT/1L03/ 00064
and U. Provisi onal Pat ent Appl i cation_No.

50E@ga,l®4@f pasirusspel sl reaplifeasion s 6b eHPBRY%.y engineered
DN z&&:eg 'ééﬁgéﬁzi&ge sigle 2A0UBARNLShTed fildSNeledRbE St e 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.asgtorg). In another application, DNAzymes complementary to ber-abl

oncogenes were successful in inhibiting the oncogenes expression in leukemia cells,
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nol ecul es, antibodies, etc.) which downregul at® Rbrya 2007

suppress retinoid receptor activity and/or expressi
can be used to downregul ate CD38 expression. Briefly,
wo 26080i6f0i d receptors such as retinoi c aci dpeEgepizRbosst
(RAR), retinoid X receptor (RXR) and vitamn D
receptor (VDR) have been reported to be involved in
10 the reqgul ation of gere expression pat hways
and keswoiog atlape witeshincaitdlogons bordecmatrivo traraspgnﬁinf daggserft CMLi on
in particular in the regul ati on of CD38 expression
apil M, Teresa M, Taghi M, Mchael A, Steven
C. AltdvhdigElyA. as Inmncibiv@neidteimbovectandoisc fatha detafleptiar

PerBERYEKE? st TS 0B B Prctoappiicsairs o AR R S LERGOR,
reccﬁﬂ:rz %K;berMml{}/aﬁlﬁiBﬁ&'st e. %:% aMdg&nﬁ SRNA! endfecufth S AhfRAR 15

T, " Yoshi nur a Koeffl ér HP, lkeda Y. A novel
molqc@lﬁs, n@ﬁlhs»dassuetc Irdeietpdayynre¢gRi) or sypiress tr¢tmerdarﬁ@e@§>@ BFtEMity
Js of HL-60 cells:
'a“d"?‘%%"‘g%:sg"?ﬁcg%g‘%E‘?%Fg&y'*ﬁ%gﬁg"%eﬁo&? It S gnhals in nyeloid
| eBrieflyi q:etmeidl sceptoes) kudRess. reMBHA acid 2ecepidr (RAR), rbhm:mda)(

recefrc 3D d ST Felpuee O h B feTored TiBe xa S
the @RUACANSiche Ve%fﬁ%ss@dﬁ BAIRAyB L dBscRREbd oIt 28Il BesTraficn @

alternati ant agoni sts for_reducing the

differeatigtiont apdoip Rwuhéﬁﬁtt@%éﬁgéla%“ 96 (&G cexprpssioy dkpril M,

p tin [ [ / @,
e RSEA, ol AT R0l kL SN il
recepigromddiatdvosigneiing pathvaytis indnctioa lof 6538 esll sulfacesintigan, Bloofl. an

10577 B RiPea0Th, el K2, BBVt sEMRFERE G o

T, Hite Te Y bshineierh H, Roeffief HPOkedal Y. fidVel 1éghdic acidrecéptétqRAR)-bed
in detail in US. Provisional Patent pl.i catjon No.

selectiyg antagonisbinhiiss,fiffercptiation ap appptosisod &lsimplicalignye

of RARLAMGEbdRYed SHAMANF LRI RikehfiS AXPLERSRED 19@33”2%17—
act I'vity of phosphati'dyl 1nositol 3-kinase, whichis

25). alegwe,r peferred dgents mar@wnrtgulam@m&texmssmn Rodilingge the

presegt ininibh ifchuf RAR SRon SRR Sftabdliths drt D R R 2 °

aiterﬁaﬁ@ﬁp,t Atagofls fodeduamg iecapRdityFitih HegRRPbRLic fiopGHucRad | Y
and the vitamn D receptor, as an obligatory factor

cells frofespondipg fo reoicish r%ﬁﬂ@ﬁénﬂfﬂ@\fﬁaamﬁ@ays and i s hence
| WO MG Drefelh B!tk ddn&d%@ﬁlgtmrki@lts' (8" _abent R &Rhiératlf
WO 2004/ 016731 PCT/1L2003/ 000681 47~ Hence, agents

abrogaltestthe ¢ffestsfof pe aguinish oPh nSuilal hgand of & prceptor. onrtherifestures

i for d |
retat B b e Bty BB TR GHRERE O 8 P COU AN

R&Bﬁtﬁ&eﬂtaﬁtatlveiy,ea’saiﬁpﬂﬁsribﬁd oAb il MRS, Piokislvnkl Phtent
ki nase ?ctlwtylnclue ut are not Ilmogedt%,
Applt%mkmm P340 gown egulation of CIOI&expEsTomeaR: b ed by

dowﬂfé(g?a%g %he RGteQNA! r &tQ%‘ oYaﬁhbs\.ﬁﬁﬁ;dy?rlgos‘ffﬁf 3hasd, €S

her eo Addi ti1 onal exanpl €s of Ki nase i nhibitors
whlch is also referred to herein throughout as PI 3-k1nase Briefly, it has been

and
[

reported that PT 3-kinase plays a critical function in the activation of nuclear receptors
such as the retinoid receptor superfamily and the vitamin D receptor, as an obligatory
factor for proper receptor signaling pathways and is hence involved in cell

differentiation.
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are described in U S Patent No. 5,378,725, whisqRbhsiry 2007
h

i ncorporated by reference as if fully set fort
herei n. Representative exanpl es of agents that

wo 2¢b@omragul ate Pl 3- ki nase expressi on accecgngstoossihe

present invention include, but are not limted to,
pol ynucl eoti des, such as small interfering RNA
nol ecul es, antisense riWBbézymes and to DNAzynes, as
welfgncesagents that anterdera vidink i bliapsssexpressiony andfer activity are
l,Qgi ' [ A : e o]
oo FRAGRATEPL R7 SGRERIA0HE DX SLORIN T We'dokfoRRliol
Reprdesativdadmpkes of agzbie tat mhipit PE dkdesd dvdviex jpclads iboturonot

. .actiyi of 8 indi.vidual ly. Ho e esent

it 5 e W PR K R 2000 R 5 08

derivatitg 0aMal MebdditesQtherbdfe SRidamAIt &amples bf PIM3Ikinabeinhibitors
appreci ated_that _protein_age (e.g., antihbodies), of

are debgops Bt PAIPT N G1H 25 gh B ifsoemicisen Py Eikrance a if
ﬁ]nyps%} YRCheQh | %S@aaﬁﬂiv@gx @B%eﬁ’t& Ql‘{;%t ﬁgqu;r?%?]%:px\d-vo

~“cultured hemat Opoi eti c noronucl ear ce oying an
kinasgppprspridraaceorgingelo thtepreseatr pvanshi slcbilpshitt otk aatdimated to,

polyﬁ}éfeloﬁée% ?%h QS %%&Eng%%#ggiws m%ié{;ﬁlgsi? rant(ijs%ﬁs%rljib%% mes and

er el nunder . sui tablfe constructs
DNAzgriks)de, wdbluis mirgceliolar britibbdiey] usiag pleDMetodol pgiedNd3cribed

(+/-), pA3, PzeoSV2 (+/- Di spl.ay, pEF/ nyc/cyto,
hefelém‘;% Wﬁfﬁﬂ%fo @&m%'?ﬂ%#%ﬁ Xpreedtrer ci al Iy avail abl e

I 2fth | GIVIhE TRERE deReribbdi¥¥einBdidve " RHL Redudihe ckpraSiBh @ Of
retroviral vector and packagi ng systens are those sold

activily o 688 cindiviunlly. Di Befcvercalh f preseiin anvigationg aimest oo ako
- [ rmt cloning 25 into
*emo}r%l‘g%tg iq’){%l%gpc 0 isﬁ’%&%gﬁ tn@aorfgﬂfq ffi%et?t?'ansgene is
t riarvetirbebagprdoiannd GbiVppteanageaats. (e.g\/eattibodies) eofi the grdserdm

; NVb- MULV I i | .ud h Babe, where.th
inver o e e, ERepsPaC TR  PRISIo B R B S 45 PRYiGen St o
vivo Asulthre@ KERiaRpdicAt Bmoviholéhr eeRANGiphSids RAPAMIPAIPHeR Sine

_hemat opoi etic stemcells, according to this aspect of
deliverye velide/mgthodngnsh @i ayrlei¢ qcids pensiraet 8y indbtihest daseritedss
. pression and/or activity, either at the protein
herelﬁlgnvdg{f, usi ng RAR, RXR or VDR antagonists, a PI-3
Ki Exasples nifi dviithide constrmctCiBBuden bitbare omot dingikeda® pcDNA3,

| coti panm nd nal .t here or at t e
DA P e Doy AP L RE iy iy R AVe e
cach @8 which iflednahér8idll 879k NS RO GavitiRh T (Wwivih¥iiteden.com).

provi ded, according to the present invention, 15
Exanpplesrof a¢t§pvzelo¢ctowd%@9ka£mg@mefnmﬁh0w€s@@,bn@M@fh,zﬁen

. a - | N
Dieg] e e R0 VEAP BENEX (R pYSR) BERAD oining
into Imattipdeo ploniag i sitesramb the draasgene @ transcribed ofinen (2VIVi pradnefe;. a

Ve BT BR ST Sh BT BB, s
trans§&hB Sif BE tradsbalbdd Hoinbhé 5TIR promoter.

As the method of ex-vivo expanding a population of hematopoietic stem cells,
according to this aspect of the present invention, is effected by modulating CD38
expression and/or activity, either at the protein level, using RAR, RXR or VDR
antagonists, a PI-3 kinase inhibitor or a CD38 inhibitor such as nicotinamide and
analogs thereof, or at the at the expression level via genetic engineering techniques, as

is detailed hereinabove, there are further provided, according to the present invention,
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5 differentiation of the henatopoietic stem celd
ex-vivo is effected by providing hematopoietic ds Psebruary2007
nononucl ear cells which conprise a nmgjor fraction of
wo 2hRRzepoi etic committed cells and a m negrfhadiobdess Of
hemat opoi etic stemand progenitor cells, with ex-vivo
culture conditions for ex-vivo cell prollferatlon and,
at the same tine, for r4ducing a capacity of the
severd peetferpedi retthadsnad eviie lekpanding ld sopulatiore sPissnthitdpgictio stem
cellsré;i‘&;' noi c .10 acid, ret|n0| ds and/or Vitamn D, so as to

SRR ORPIEIPP ST t8lShenat opoi etic stem cells,

Whid €omt phifigul8@ e kB FURSLABL kRdahding NAI ﬁuﬁnaﬁ&h of

di fferent| ation of the hemat opoj eti c stem cel |
hematopajetico stare derdisn gvhilie 2 dpacsamp dime; henbglantiady | nlhlbltmg

. : i i 0i.d . m n
i R N R R
hemntepre’gioomomngciedrl calys whibh mpﬂm aemﬁjecﬁedionfaﬁ thematapétie,
chem cal i nhj

comiet a0 Rl SRR pERPOEE: i A5 PG o cels wih

ax-vwarchlt@:uloahdxtlbxﬁefoﬁefcm@l coll polifothtiod @panthe@ma time, for
popul ati on of stem cells, while at the sanpe tlma

redug%gtcaPﬂCi%Pf weuhﬁwtepqwtwgmawwé?aé Relisd rgsRonging;th &etiwpiem
acidCitihotds MOY 'Wl@m&nSD &of:8 alm/ a gn‘éﬂﬁ\’dtﬁh BB %)QJHth%' ¢
nmononucl ear cells which ¢ a 20 nmgjor ‘fraction
cellspf whiterat dbei samiec tlmmwbﬂaeﬁalbfellnmblam daffmrrttatlmf rafctheon
hem% Olalcné&t o$% JEIW.%O stem and progenitor cells, with
EXRUTVe ELYR GF e %ndi ti ons for ex-vivo ceII

pr Rédukcinigahé @ipaaind of tie delleins APoridingeo réioid &id) abtiipid
Clt of the hema ‘gm etic _nmononuclear cel]s .in

andf?fZ@ gr f%‘eg?‘ﬁ‘h%ﬂl ingidi X e/ Y ymyn ) 1eeepign signaling

.mayrb@teffﬁ&bd: f8iCexmple S5ARE Mminfs@hitlRAUF Chefnit AGRRDIRES, HRARE
Vitamn D receptor, to thereby expand a 25 popul ation

recepipr anaganisiBoi et i c stemcells, while at the sane tine,
SuURs n i £fe L at | . th
SSREL b, D0 5B SHGR y Pson

cellsg:afhm:htttye sfmet tivae Gelistaﬁmﬂly iniebigiag diffeeentietidnrudities stemh cells

retin and/, Vitam,n, D receptor naling .
ex-vyg i3 Dbt by HiauSng byt maoroaN e P TR SIS os

majo? URRtIRD of ORdhAMpRIEL Yedimitied &ighakd -Puhm6r ARkiid, orand
is effected by a dimnution or 30 abrogation of

hemgendigiicagtens anth BrogendtopedliRvieits ex-Wre aglkire periditione fsestvivge,

cell @%ﬁ‘%aﬁtf%? Pﬁ%g@%‘%rsﬁrg% B@?ﬁhfo? {e%ﬁc?iﬁ%h *8%%[ @PQ@ X BBkl 1 N

monbreiriao palisehi respodings to mgrrahsg)pmﬂwmg inooltving ted chas acid

nal.i n at hways er her ent
recoi) gptgial NeRtEY At SraS TG b eniofn B et PR He
popubith 080 hem@bpdietR dtemF&ds Udhie 200the AEe20R4/ %@tﬁﬁtﬂaﬂy
PCT/ 1 L2003/ 000681 49 present i nvention do not

mhlttmrmbff@vﬁmﬁa‘ﬂﬁv of thehematapristic stemiselds exyvoexposi ng t he

Cc

R R e L P G
Vitamou Ddrdneptab bigndliog civerts tmdhhhs aveatiigy thedeells evithnaritapnionn of

.h |
suppﬁlede cocn%nug’usfyoor ce)rS a shogt-pulse period, and is effected by a diminution or

abrogation of cellular signaling pathways through their respective, cognate receptors.
As is described and exemplified in PCT/IL01/00064, reducing the capacity of
hematopoietic cells in responding to the disclosed signaling pathways is reversible,

e.g., inherently reversible. In other words, cells expanded using the protocols of the
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direction, including ex-vivo and in vivo cis- 9
trans di ffer entiati on 5 As used herein 1%'1%bruary 007
"cis-differentiation" refers to differentiation of
wo 20dmigrzistemcells into a tissue from whi gériRegovRse
derived. For exanple, the differentiation of CD34+
hemat opoietic cells to different comm tted/ mature
bl ood cells constitutes4is- differentiation. As used
presdmb insientiont dop net- trinkfoamdntoi eelli lonss. rRnee, Pyt exposing the Qells
follogllrfgf Wﬁa&L %}438@10\%2?02%%'0 él?ﬂ\l/oe Obylg%vhkcﬁ &1ﬁgﬁ‘gnﬁat{okzi§ue
induehidf drervenild bd abdento duﬁctGﬁBéxbwhediiﬁ’emmneﬁ bfithe ebllsﬁo desié! | s
. of different .tissue .ori ocites
direcfiop AR PP ARG P e e P e aH g ¢ he
C aRAEdked Yerbih “EiBgi fremRb RO iréfbis 6o Biﬂ’@l‘éﬂﬁ'dhbﬁ af adil ske‘ﬁn bd]ls
responding to the above antagonists and/or signaling
into g dispigaifemorhieth they yesre desvedpt Barsexamilek theadifercatiation of
CD3$-T- Bgiﬁgt@f& é?:¥ 09]% i 'd}lf?er&lt‘ lc&t‘dﬁﬁtf@:g/lﬁ?a BBQ(P&(?I% cSnstltutes cis-
mononucl ear cel s In a pr esence an effective anount
differzhtiztion] east one retinoic acid recept or antagonist, at
ece

| SRSl Tatr e S S G A T AIRRn FESR )

cells fi6 2 disuk MRMP@icPHe Piveld. nbt &ived. Furekeffa)liye differkniZdioflo

nore preferably, 0.1-15 ‘:?e of an_ entire ex-vivo

of CRFT diematpppisti 5%118010 £lls Mefislerspbtiste Crigin Siftec FRYFitES

consﬁtﬁ!ek&aﬁrdlffé}éntf‘aﬁ& entire 20 period. In this respect it
was surprisingly uncovered that an initial pulse

expulscingthe gapaary o rﬁhf:a@n‘mmmetusmgmplear@dts in eesporeling te el |

n S ol h n| Sl f.rom
the a? \}%aan§ ? dz?t? %ng@%rg mg qg:ﬁ'lr\{vg}yg conec aeth Ve r tors aggl/c%%se 15
effec&ﬂtlﬂgé)cm:ﬁi sultiEyg hﬁnatd@ﬁ&i&dﬁﬁg}n@cﬂcﬁ Itellﬁaec pfels&hce of an

applicati in the. mcronolar or m]|inplar ranges.
effecfifh are%%ﬁﬂo % lea; on retingig gid receptor awomss at 1856 e TR0 3nvl
X re®¥pfk %ﬁ@%&.ﬂst %&/&I -Ja 1RO He %taM ih ® RBGH: aﬁagmv&t ﬁf@fe?ably,

prefera hi n about M to about
for a gimezngoed Qﬁ%l-ﬁ%"/«RPRferwm OahaS $Dmorevgefetablyy @ 1418 %ICé apn
enuré A5 a&%&& Liod S‘Ptﬁgﬁ{ ata{g&%n‘é‘ %8%%%&1}9@ t%)rht%e Bhifigent
I Aven re presen resen
penodx zinrrﬂhmspeét 1swe:sh;ut1ﬁ1smgm incavrd thaea pmﬂal paise ag;msunetto
Bt% out r? tation, AGN 194%10 AGN 10
an a%ta%%w&/é% f 9*%%%%@# afipAysion. lopg affer ¢ uelv?goelswaa
remoPed\Béh edukurmp 4Bt hvl - thi ochr oman- 4-one, 2, 2- Di et hyl -
4- oxo-thiochroman-6-yltrifluoronethane- suI f onat e;
EtHigal conqeptratipng)ofrghichgitagomigigonay be, depending on the spemﬂc

t b te; E hyl., .
spplibatoR SRS ool bP i bl G ¥ ampley g b B
M toR6dut 80 @34, GRAGANy Sthid dbohi! PMATBERRBE R harB §sferfeexbzy
2H) - thi ‘ochr onen- 6- yl ) et hynyl ) - benzoate(41

Wlthlllhbmﬁm%@rab@lt_\j’r{)}'nl\ét hynyl ] - benzoat e(yI )

( %&Lxﬁr@ntagorhgts {0 R}H{,M{{ nél1 ’V%)R, ﬁ any usable in this and other

aspects and embodiments of the present invention, are presently known.

Representative examples of such retinoic acid receptor antagonist include,
without limitation, AGN 194310; AGN 109; 3—(4-Methoxy;phenylsulfanyl)-3-

 methyl-butyric acid; 6-Methoxy-2,2-dimethvl-thiochroman-4-one,2,2-Dimethyl-4-

oxo-thiochroman-6-yltrifluoromethane-sulfonate; Ethyl 4-((2,2 dimethyl-4-oxo-
thiochroman-6-yl)ethynyl)-benzoate; ~ Ethy! 4-((2,2-dimethy 1-4-
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(heptyl oxy)-2' H 1- benzot hi opyran-6' yl ] propenylldFebmaryzom

benzoic acid 1'1'-di oxi de;

2E, 4E, 6E-[ 7- (3, 5-Di -t - but yl - 4- n- but oxyphenyl ) - 3- et hyl
WO 2004@8$- 2, 4, 6-trienoic acid; 5 PCT/IL2003/000681

2E, 4E, 6E-[7- (3, 5-Di -t - but yl - 4- n- pr opoxyphenyl ) - 3- net hy

|]-octa-2,4,6-trienoic acid;

2E, 4E, 6E-[ 7- (3, 5-Di -t - b#Pyl - 4- n- pent oxyphenyl ) - 3- net hy
mﬂdtﬂrermthmer%plﬁforﬁddmyl en@@H)- acitkipchromen-6-yl)ethynyl)-benzoate(41);

Thlojc 1’8E‘IF 51]5&@2@ %8%9?{8(3@“ Zap [(AE)rb EEXB%Q[%%{T 4! dngfhyrﬁt hyl

(hep%xﬂitz ﬁEtz bﬁrzétﬁltoﬁylal 6tyt]bupmbm§r]n hapdiox ydeheny i} digxiogt hy
octl a- rren
2B @éEd%(éé“f?lﬁ g4 fﬁ’“t%yﬁhﬁnyl) 3ameindlek g Ailrigroic 3- #idiny|

| -
2B,4F; 6@'9[‘7%3 %EI?l tgmh"l 4ﬁ'plgfbe‘oy ?ﬁﬂe‘fi{llﬁgneélhysll oc\t/a: ir»Z] ;16)tr1%no(:ecnyacj1d 3 m
2E,4@t&Eyﬂ7 (éét[a tgbuty[-e-rt-pqngvpmpt@n)dbﬁ-(mcthyl]—octaufl 4,6-trienoic  acid;

2E 4&%’% (SF ﬂx-tﬁ;&ﬁ?l ox%eﬁh’gﬁy?r&)f[ﬁ%%ﬁl} ?Ttg 591?6 t?hcnmc acid,

2E 4B®E743 4-Ih-tthutybAor-lepacyghenyl)-3-methyl]-octa-2,4,6-trienoic  acid;

YT R AR R PRIV

2E 48 B 7-BsitiRfyl-5(@ Fpndis)-vink FXphefyH) 3-Rrethgt-octa-2,4,6-tri id;
( @L E?'Sf%ert}t( b(ut%é@ ?hoxi{I henyl %cyacl 0 ro%’iﬁ“i e nmet
5p

28,4 ﬁE[aéhﬁéllﬂ-hntY&f*e‘.&’oﬁ B3] HLSHB 2P BenkERy) prEny))- eyt
octa B% Gzﬁlg}mg abid: éz% 4%) g % ﬁié) Sbﬂi O(I¥ l5: d?r-té}%ﬂﬁ?i)g BR&EYIRkayRy ¢! ©

€noi ¢

cycu(lﬁ@yma ﬁZtﬁyl?peElf& - BA-diendie ratxdbmhyl esBre (BB HIRHFRS)S-f2et hy

3.5 ggg%kgygbe %E gﬁeg? cyctlgqr?pyyﬁ pethslpsgiad Sdigpieny 1 39%. e

(2E, 4]1)}{'1 RS ZRG)-ﬁfﬁ@tii&[tbl@ ICZ-Bﬁtb ~phenyl)-cyclopropyl]-3-methyl-
7,8-tetr ahydr 0- t et ramet hyl - apht hal en
pent%sz zsfaemﬁtsxaﬁlﬂdo) ZEéﬁzﬁ@a [éérdy-tert butyl- 2—ethoxyphenyl]3-met yl-

2,4,6tcchtiddnbic3adlB! Q)ﬁaﬁ%s § s%ﬁ)ter?-ﬁéﬁ;% ﬁg,; g 20

5,6, 7,8-tetra pht'hal en ent a
2,4 6-®Jaelr4emoen Glcrﬂ aci &3, Qﬂ §-(dﬁ)1h)21ro -5,5,8 8-tetramcthyl-2-naphthalene

cu 3t it P e ST et o

5.6 7;18 teﬁ:alrydto%@pﬁiﬁaleﬂi—(ﬂ) cheldfropfi- E@M AN ieAyic- hm@yr pd{E)-23-
ydro-| H napht of 2, 3-g] i ndol -

'[3 4 @Wyt’ro-ﬂeq—]-gﬂpqgh}g-a @eptylo:rc]y)-Z'}rI] 1- benzothlopyran-G-
yl]pr()éeﬁ \3&2% 4513, P Hishigd, ¢ - b&t?’@e’qd“?&&hﬁ%@ﬂ%?whhm% net

6-octatri'enol c ac
yimeflyE4AH, %Z)@Hﬁxp@@-w-nwm[wtalmﬂelz&—ﬂ) -hanegisheny| | - &idyet h

acj d: L .
DTS AL o by mets v GoseyishRiRy 1 954 e
(2E,4B)92)- 72[345,—&4&11251&911‘-2 &B@dyﬁh@@l]@;-methyl 2,4,6-octatriencic  acid;
-tert. but octyl oxyphenyl ] - 3-ne

- (2E, {%@)-72[3@ %-t@'&{ngylr; mloggy@@pﬂ] 3/ -mghyl-2,4,6-octatrienoic”  acid;

(2E,4E2,§Z)47EQ3 S diRS. &E}ﬁ)z-éct&lﬁxg{pﬁm@l]@ by, beg ¥harrRndbt Oy s, phe

CC|OI‘O I enol ¢ acl

and (ZEZEBE@ERWI{S-%D&MW@@ wb@wmhmﬂymwua 8

methfpeniac2.t inols a6l P AR SZ5 T PERGEY RPUL 5588 eno
tctramethﬂnapﬂthahﬂdz4(1)(3§iﬂet2y136t2 2% .6-trienoic acid, and 4-(5H-2,3(2,5

dlmeqwmf%%]ujnsb gq?é(pa;r e&zo[g,ﬁﬁ g]?i%/alzgﬂlrg) (lel-yﬁgenzgl]c [a(:ld 44[1%' gzep
(5H-1,3kb, g-ad?me(t@yl@ ﬁhdﬁ%d})ﬁhﬁ%ymﬂ%ﬁmeﬁzbﬁ)@?[‘ﬂﬂhmﬁpm-Tlr odi ben

zo[ b e] 4]d|aze in-11 enzoi ¢ aci
Sbenacts 4-ci 41 pHelly T Bihplolentbe Ay meioyh( b haashrosien -
15 February 2007 WO 2004/016731 PCT/1L2003/000681 51
yI]ethynyI}ben20|c acid, and
4-[ 4- 2net hyl - 1, 2- dlcarba cl 0so- dodecabor an- | - yI
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phenyl car banoyl ] benzoi ¢ acid, and %5 February 2007

4-14,5,7, 8,9, 10- hexahydro-7, 7,10, 10-t et r anet hy

1- (3-pyridyl methyl)-anthrafl, 2-b] pyrrol -3-yl]benzoic
wo 2@flofsrsand (3-pyridyl methyl)-]5- . PCT/IL2003/000681

t hi aant hra[ 2, 1- b] pyrrol - 3-yl ) benzoi ¢ aci g and

(3-pyridyl nethyl)-anthra[2ml- 5 d] pyrazol -3-yl]benzoic

acid. Representative exdpl es of such retinoid X
yl]ethlﬂ%}ﬂvbmmcanaca@o ringt 4-fFedmethey]-1,2vdit¢anmetlodordvidecabaran} -yl-

phenyfZarbanay lﬁ%;%méﬁ?% af %ﬁﬁﬁﬁg fo ﬁe&h@%@%%%%gh}%ﬁ
1-3 Ibyﬁ@rhlﬂétﬁpmiﬁhﬁ[ B2-B]pYrrbled-yiguayebio adid, g, (8-pyridylmethyl)-15-
ranet hyl napht hal ene- 2-yl ) et hanone,

thlaa.@th(%? brodnyeseyr Sy Dbenzoig. 1 adidanyest o-@-pridylmethyl)-anthra[2ml-

d]py}a%lrﬁﬂ?gegy&ggg@t hal ene-2-yl ) but-2-enenitrile, 3
- (3- pr Opoxy- 7, 8-t etrahydro-

5, Bepgesentataser axmmllryl ofa pieh hiatiend -2 -rg¢epiont anpagemist] jnclude,

vikdS Sl S R el B4 TPt

: tetramél;hﬁlnapht]ﬂllﬁnb-d-)d)btlﬂnone 1 -(3-propoxy-5,6,7,8-tetrahydro-5,5,8,8-

e 2T % B phogssh s FRNSR: o BARAL Y
tetraﬁeﬁgﬁaﬂ?ﬂﬁleﬁglqtﬂg?bhr -Befonifi; t €t r 3y q*@mgy BEREE-Rythiyatoaeny

enzol ¢ acl

5,5 8[41@@153@’1839@}%@‘% aw_ﬁbw;a crgl, 6, (2B AESE)drarapory-hagist hy
o K 288 Rl ST a2 B ymgtlope A ingie ki ny
4-[3,IS,ﬁét&qmyaln]etlbbﬁ,ﬁé’;ﬁafte&ahyﬂmzbh@hthyl)carbonyl] benzoic acid, 4- [I
3.5 i255[8]§_ ﬁeﬁnﬁ%ﬁ%@ Sl 4 By Has- S@S{;{ DEEAT, Dehesie” dsid2a Y
[1(3, 35[8;B-ﬁeﬁta51eﬁmy35 ) Wﬁﬁﬂﬁﬂk@hapﬁth?l)@cﬁ;pﬁ@&l] afeN£YicOactd, 4-
ht hyl ) et hy I%g%rl di ne-5-car boxylic acid
(-G b-Danhanethd: S5 b8 etaby dse Ararkisipierylp, tengengls trezole,
215§ 8ErRng1 30T BlDERLAGH! | 9 NS gL AL ©:
carbakybg 7, 8- t etacidhydr o- 22-|1jhph:i 59,8 pettmeti T 26,7 8ctetraby@o-car bo
i i -11-(3,5,5, 8, 8-
rap BBt e S ook ot G- @5 deamgrapemy-5675

teumw-bm@m)bmyﬂylﬁwnéa@ﬁb@@myd i C 5qqiyk,5 slgqiehminethyl

pent anet hyl tetra

5.6, R Aoy L AR DB B e o aBdI(5 588

| penta?neeti - E% teﬁalﬁﬁ%@ﬁ%ﬁgﬁa E}@Imﬂpfop%]gyzfﬁ:iﬁegsr carbm%/lelcr:] A cid

methblenzam de 2-[1- (3, 5251-8,%5,8,8-pentamethyl-5,6,7,8- tetrahydro 2-

naph{)> S)/(ln(fya %opéi]%ygdg{g)&ﬁalr@xgéggytp Q 3% ngl gt%t Q:% a?ne&ntypﬁe E ¥|8]

tetral‘(y3ro52—ﬁap?ltlﬁ'l)aﬁéﬁyﬂi]ﬂﬁi(hﬂj/dr&cyphenyl) benzamlde 2-(1-(3,5,5,8,8-
r ahydr o- 2- nap hth clo yI pyrldlne 5-

Penta@gﬁtlyi,j&ﬂ %tegelpy&ro-&-nfp(hg'nyg henyI pyri ne— -carboxylic acid, 2-[1-
3,5 558 §-P§ntﬁ’lﬁ%ﬂf@t hyl - é?@ tgtra% &rGhL J@iEHt 1 ggl'opr%)pyl]pyrldme-S-

ht hyl ) carbonyl ] benhzoi c aci
carbmw q 3, 5, Beig, 8- peﬁt[éh{et hyl -%8,8-pgnt8m&byl-5,6,7,8-tetrahydro-2-

naphﬁl?lgcaﬁ{%gl benzonQaFa? L%ylg)?irggonw 3b §" 9 §% penginict‘?\yl 5,6,7,8-
tetrammmmwl) 5 cﬁl;bﬁ'n)&}bbmrcah)adlﬂo Prépafirihy| ) agHsngel ben

Peﬂwﬁt%@gbggﬂ% @X%Bﬁfg%ﬂ%ﬂji‘wjgdr@“ﬂl@ﬂ?@? r 4¢i¢ d CrRimBShthy | )
13,3, 53{8?%%&&39,2[15 - ?n?gﬁng?r A haéhmﬂ}&gootn%g?egﬁ?ar 0- 2- nap%t hy
aly i G, b ISR GTE NS S 5rehtahyrbGophiAgh a4y Qe

: PCT/ | L2003/ 000681 52
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_ tl'“’“E}"( (S)O_D"ccl’f’e 25- @8d boxyF‘T(éH@él(%

acid 4-(3-nethyl but-2-enoi c acid)oxine, and
4-1(3,5,5,8,8-pentanet hyl -5, 6, 7, 8- 15 February 2007
t et rahydr o- 2- napht hyl ) car bonyl ] benzoi ¢ aci d

wo 260—4,@{@7§loet hyl oXI1 ne (ZE, 4E, 6Z) = 7' ( 3' n- PCT/IL2003/00068%
propoxy-5, 6, 7, 8-tetrahydro-5, 5, 8, 8-t etranet hyl napht hal
ene-2-yl)-3-nmethylocta-2,4,6- trienoic acid, and
4- (5H 2, 3(2,5 di met hyl - 225- hexano)-5-n 5

acid p de(Byrhafiyimri2ednbice Jafid)otingk, azmcpl 4\-[(1,]5 5y8,9-pentanmitioy - S| A8-

totrafo SRS GO T otbeseat | o IOk, 5 A G-

propafbt SGIT8-Biraliyde-3i518,3- tetw:ﬁeh@ufa Athdlérdedt IPB-methy®cBiB4, 6-
26, 23 | act one; gha 25-di hydr oxyvi tamn
ZK1 5emetbyl-2 Shesano)-5-n-

prop?@ﬂﬁﬁibgf]g' %d%kébﬁl@ g{'b@nﬁo%c) ac rr?:l3 B)(Sﬁ?gijgty&ii%m}l-

25 (

25@{@%@3 ep| ; (23S) 25- dehydro 1 al pha(OH)
%R%)ges%f?lal{u%ﬁ é)?aglﬁ lps (&3Rkn A ehvs rr%ée:;[)to?l ﬁpa%&%_tl) B%lhde,

with@uttlipitaGi6Z, 17HpiR2 B5-(O5)-BE28,2 Edciohie 3RIpA4 RS- dihArddvitarhiny dr

D (Fisths 2% abqtic £oer ZKOBLEBS) 5257dehyfrod) alpha-DBLD ddkie. 2
(23R?‘2§ﬂ%ﬁ5%'1 atpﬁi OHTD%)ah)%ﬁ X (%HEJQ' N YD DERIED,-8lehi-BOWN

hei r hi i nit rds their 15 réspective

(235 Bt bR D3 oAb estone] C3RHG5 By s BIROHB-
262 8RR G " L B U I San PG S R

26 2’éx]zxdml,llﬁ4gecmcm$tal-5@"l l&ﬁm)ﬂﬂ-tetl‘uenazfemb(ﬁctylatb)st em ceI | s,

| e at hes tlme subs
o PreciBks filEd BRRBritses kit bbbt et el deyards thei
respedtive/éoRatt SecetbRC HRWeRY, i HAY ibe iB&ibkfoh 8¥E MBRERLSI t6 be
nononucl ear cel I's which conprise a mpjor fraction of
_aCtWﬁES}Yﬁ’F‘!ﬁﬁﬁhﬁ‘éﬁCéﬁOféomﬂ tted cells and a minor fraction of
i | ivo
Fiep R afdi Rl B AR el Blp B Ting HrbByn B of o
hemEMpoidme stame dellsyewhﬂ@rat tied saine g time C apbatantiylof inbibiting

: t ti gel | .
difteldEan oo e S tRARgEHY 01 SRR it CHGE bF ProVidPELy
hematofidediid tﬁonlaﬂtiﬁl)daﬂtélré Ryadh QRHPRIEO B QhAdrl fBactibn 8F Bdthatdpolefic

while at the sane tinme, substantially inhibiting
comrpitted gqllsand amings figetioniod hematonpictis sieat ang paagsmites epliss with
ex-vitX chu‘f@ corlditicA8 %lhrgcr wﬂ)aééll' Lﬁﬁmoﬁ hGd n%?tt g%n‘}g tifnd, TBI'.VO

expandi ng a popul ation of enat opoi’e stem cel
reducihg 4 @p&tltytdf d’lcsiarmtopmcm: menonstiean t:clhl ih yespanlduigndi sngxgllmg

i ff.er enat o et| ste

pathfiys o B s, 1 BB eaR  PopAtre o prahoietic
stem NG Nwiilee gt the daind ti/MiH Glbse RN %ﬁnlﬁtlﬂgaﬂi(ﬂérehﬁﬁﬁhl ¢inchef

hengt opoi etl c conm tted cells and a mnor fraction of

hematppaietic glemeeiicersi@m and progenitor cells, with _ex-vivo
C l'Illt éhroﬁle{: ?ﬁmc{ﬂap Nhe frﬁ’crtho%xof’ X Qivls eé)épal%r%l gfﬁgﬁfa{im ofnd

ni coti nam de, ni cot i nam de" analog,
hemampéwtlc nsiaind selds; Hhuiﬂ ct theairde tme,| cgbstimtallyatinhibitiog a

d1ffer%§t1 %Qrolfa{hx l‘?‘e%%?opoie ic %t%r%d'éq S6Zx§3ivopcl:s-r/e}‘fl‘ c% cp %{f Op?(?vels 1%g

hematopoietic mononuclear cells which comprise a major fraction of hematopoietic

committed cells and a minor fraction of hematopoietic stem and progenitor cells, with
ex-vivo culture conditions for ex-vivo cell proliferation and with nicotinamide, a

nicotinamide analog, a nicotinamide or a nicotinamide analog derivative or a
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53 nicotinanmide or a nicotinam de anal og net g tﬁ 2007
to thereby expand a popul ation of hematopoi etl (oS FX
cells, while at the sanme tine, substantially

Wom(}@,mﬁ%tl ng differentiation of the hemat PWH%dsiﬁoo%hem
cells ex-vivo. In yet another particul ar
of ex-vivo expanding a popul ation of 5 henatopoietic
stemcells, while at thé3sanme tine, substantially

nicotinamidsi dri angcotidarhfde aedldg meiabslitgfo theebin exmhda p@bptlatonsifem

el ls. ex-vivo ffected b ravi din jetic
hemigheiiooF el CGut | ¥Rl tn WorbrPs M THTAOF FRCER B gy
diffehptimion poile hb@atofdietitistanfebils 8t-Fiso.and a m nor fraction of

hemat opoi etic stem and progenitor cells, wth ex-vivo

cumeXst @nQthasRarticaiss the methed \af\es-vive| sxpandaig # eonwation ofnd
hemé%ﬁo'fkn@ Blem3 c@l‘lé" agMilcOat! MY REMOT timb O s f.ls]s@c{nﬁ Qﬁﬁﬁﬁq

popul ation of hematopoietic stem Cel Te at
differcapiagioni qffetheslwbsitcmmctlalstm jcellsi bi-vivngs @ffedtet bmtpremdmg of

CeIIs eX- . Vi

her ¢ FRAABRRIGE i SR e & ' o Rmatosgici
comumitted vells iaud s mixior frrmtoahw hémhaspdidie seaf and pebgeihitdr bellsPhith

3-ki pase i h|b| or are prefer bly, pendi n n .t he
ex-viye culfue gop t'%ﬂﬁp of Expvgncell profi %éatw anﬁm tha %&% gfdease For
mhibﬁ?ﬁarlmlﬂﬁrebWekfiHnﬁ aaﬂﬁ)\:ﬂangn of AdhdiGpoRiae lﬁen?@ellﬁMvhﬂc at the

preferably wthin about 1 mMMto about 10 nor e
samefired, syhgtantallyi inkibiting diststentigionef the lmmtspponmc stivi cells dxs
descri bed herei nabove and is further exenplified in
the Exanples section that foll ows, expansion of the

hefiied] opatetrations t efirtheehicstinaodel at itien apalese Rierivatives2 0r
so, be effec ed

t oi tiC clear ,cells ca I
metabgiey Bt b A TR O SeGae b S SRler® enrngiig, on
iflt 9 fé&tﬁiﬂl lﬂh@lﬁﬁlﬂ lak e,
e CT@JLOSI 051062 agigﬁt Fagﬁgo?wégp&r ﬁ%ﬁﬂa%bg?tsoéﬁhgct)%per

about i, peefaredl withis about  wallvigyabor H) mMa moescpreferaly within

aboquﬁM{o%oﬁ% _concentration, which in turn, affects
signaling pathways associ at ed wth cells
diAs er destritztli lemeinahowo nald n'@ filrthet lemennpiﬁedl]iim ghe dxavifle®5
sectl.OOOtlle]]t 55 and PCT/ItLtBB O dgl ﬂ of 13 coE%er.
Thidf P e MBS Eke ?R"’u‘eﬁ‘ﬁ SICHeRE S PR AIPR PHSH i
hematdpertic MRiReAuctan GEIR Eaat 4160 bofefibéied ﬁﬁltﬁespz‘éébﬁ&t 3ntchpdet ¥

unchanged during cell expansian, addition of a
chelaogs (1 © 5&%&1 at 88 150 dispessede|in sdegail tlﬁrWr% QPé]cﬁ & #ddiftes

PCT/iLhﬂ/(ﬁ)@@ %H&Morﬁ be E%ﬁg@ﬂela@oré H)h U(fﬂgklj GlePitks GORPR cull‘ﬁﬁné‘ sed

herei n, 't he ras er c tor” refers to
medi} jaffactsi theh a¢llulvas:oamerl caasantratﬂm twhichainotven, caffeats| agnafmg

nat i n opper,. or coppe 0 as
path\qgag? lgrgs Cl e% évqth 9&}1% dif entiation, a@gzprﬂ r% %)rtég t%"tf; ngs céf w ot
00/13885ah@ PEa/IO3/00062, midcmap;ﬁfra topPer AdRltet foomalcells QadHhES
rel ating tq chelating effects are _described, for

med*%%l&w&"és the Arepeaperr caconoson of themsly suhstanady7unciynged
during Qélﬂé&&nﬁs?(?n,lwﬁ’ﬁ%réddif%%% Q%@%ﬁelator to the cells culturing media

reduces the capacity of the cells in utilizing copper.

vive,

ﬂ

As used herein, the phrase “copper chelator™ refers to a ligand that has at least
two atoms capable of coordinating with copper or a copper ion, so as to form a ring,
A copper chelator is free of, i.e., not complexed with, the copper ion. Additional

features relating to chelating effects are described, for example, in PCT/IL03/00062,
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54 As used herein throughout, the phrase "co
chel ate" refers to a copper chelator, as is eflne
her ei nabove, which is conplexed with a copper ion.
wo 2606331 according to the present inventi opctMShBiobiEs
provi ded anot her nmethod of ex-vivo expanding a
popul ati on of hematopoietic stemcells, while at the
same time, 5 substantid@Ffly inhibiting differentiation
of As preednbarein dhrohghont; tha phreseefcbppee xhelaty'd refath do metoppa,
S of t.he present |nvention is
cmﬂ%@?%%?gﬂﬂghﬂg%g@&’?ﬁﬁn&Hgﬁ%?%ﬁgdg?ﬁ n@%%#ﬁblear cells
V\,h Hehceg asvprditsgo sherpagsent ifveitidn thete Gf provddaitanpiberahétBod of

B TR O E N

subs@Bilyt ih@iBRing AiffelhtidionOofaRé herPtsfoidiiesRid &dlls @RIl theone
or. nore copper 10 chel ator(s) or copper chel ate(s) to

methpﬁe%ﬁfﬁm@xtsdh@ agpasb plithgtrresantonvantamisopfbictedi by prowiging
hemﬁﬁﬁ#il%ll’ct hot é)hlgrilef@\% c«'—ilﬁew]ﬁa{'r@mtlrp EF tuﬁ;g&sﬁﬁ%{, %i' hé(m op01et

tuary 2007

_ erentiati Bt opor et Tem
commistet] sellsand avignor Traetianoys ﬂxematolbmétatstmpzndcm@eaﬁmrrcslIsofmth he

| L f L ITE. f f '
ex-igs SRR e 8 b S PP 4RO PP GPE HEFAR SPHEr
cheldtdt@) ocaPPeTcheldtd(s), iGtheRbpb:pad Ny utaﬂ@:ﬂoﬂiéﬁﬁﬁipo@ﬁ@stem
cellsag% i.cally present in the cells or can be

ilg; at dhe Fame twme.| subsiaptialy t“ﬁ‘é’f‘tg’@y d(fé%r@ltlaﬂ%! i Hanm)

hemdt&po%%sﬂ‘e&%ﬂsmo copper chelates or chelators that
can also interact wwth other netals are highly

ef Fhgawppes chelie pr debitaraof the pesabpivesioofis sﬁmllttmes eapablé i on
zinc

of foﬂﬁhgeﬁ or%agmHgglhc F(frrépgouﬁith ﬁltrg?satho&rwét?lr%l&r ’Lt}mn é:ﬂ%per As

metalsudthenthanmcogRr Ihetygmﬂ@epregdne hrﬁﬂ&scdﬂﬁ (k. E? zﬂfc?%ﬁ l%hn be
Se a copper | on

tl
admlﬁﬁ@fegﬁ%ggks n?” thergpses- PREPERL r»f(vgaf fowiéhaé F?R?Sf %Bﬁ?ér
or cHélBbAt AS SMCQALE RebrdcP Mﬂ? othére fifethlls a?é’%%ﬁl?neffé&ﬁbéjde

pol yam ne nol ecul es, which can forma cyclict conpl ex
Repregentativenexanplep of Slilabrtrmluon wotalsringlades vathpwtdingitasiopszine,

He th hel at
cobafBEER o Datld Bl A o B e TP orent 26 -
a§ihfe @b@glﬁdﬂ‘:lﬂﬂlm diepests llﬁ%ﬂﬁdﬂ&()ﬁl[)ﬁ%:’fﬁoppﬁ\i@ﬂ@el £2Q :’Cu+ 1
nprefera i ncl u ator, namely a
Cu 2&95;9%?% TE0re e apTT &ﬁfﬁmﬁsg @8@5{941 RPThEROGiocT RS %t ed

presewd inerkioh Gnclade ﬁtﬂydﬁﬁh@?ﬂo%@uls@ r\zﬂlfl&r S 2rg -BcyRi @Sm ex

nmoi eties, nore preferably 46 am ne noi eties nost
with {he evmaea@nylaztwam PRererfies greups plesent rhiheipelyariagni n e

mﬁe%é’ t{u(:) c@@glg gheg”z{tg %P Rﬁﬁ& ﬁéegplrd%:he cgﬂtexef Iﬂﬁﬁe é‘l ?%t 30

herer i
aspectiepeinonbuoginents 6fsthé preadrit mcmdnmreferabbemﬂnﬂﬁw plyaniher e

ol PR 5P TERSTAETLY i AT ALl o
aminé FRdfeficd, ?}[‘fﬂ&aﬁ § 2-Fighinb @bidies %&Q?fe@é’i’abl}i - &BRMY FotetRO07

WD 2004/ 016731 PCT/ 1L2003/ 00068
and most preferably 4 amine moieties.

The phrases “amine moiety”, “amine group” and simply “amine” are used
herein to describe a -NR’R’” group or a -NR’- group, depending on its location within
the molecule, where R’ and R”’ are each independently hydrogen, alkyl, cycloalkyl,

aryl, heteroaryl or heterocycl_ic, as these terms are defined hereinbelow.
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55 The pol yam ne chel ator can be a |inear pol%qfqbﬂ%a{mm

a cyclic polyamne or a conbination thereof.
pol yam ne, according to the present invention, can be
wo 2004p9d7yeni ne  that has a general fornula berfaoesnooss:
HX- Am (Yi Bi ). .(YnBn)n-ZH Forrmula | wherein mis
an i nteger froml to 10; nis an integer fromO to 20;
X and Z are 10 each inéépendently selected fromthe
gr S pdpmeing chalajorofanie 20binege polparing, acyslit pokyamiat @maand
LMD Y, and Yn are each independently sel ected
e group consisting of an oxygen atom a sulfur
at ammmdpcﬂyzmm gtauding B the padderd|ikeh86ie cahB B polyamineg
et ween ]f 10 substituted and/or non-substituted
that hagaygsperalifrmulal g B and  Bn are each independently an
al kyl ene chaln haV|ng between 1 and 20 substituted 15
and/ or non-substituted carbon atons, provided that at
| east one of XHXZAMYYBuhct-(GmBmgn-ZH - NH gr oup and/or at
| east one of the car blgn aﬁ?grrs in the al kyl ene chains
is substituted by an A group. Hence, the linear
poI yam ne, accor ding to the present invention, is
ef er.abl nprised of one or nore al kyl ene chains

( ergn m 1 an Bﬁcger Homd tondPs 15 po mit%ew ﬁﬁ?ré b4 s egandXpargy
eachQH&e @ﬁdeﬂi‘ﬁ” SIQRUFRARHRBoiHAsi®th n\ﬁ;\ggenl\kltﬁlx a sulfur YN

ormula 1), and termnates tht
atonh@tdeﬂr O grewp( X amld YR arercarip indapeadanyly splektydl éom thd gioup A,

' e [ S ted
consfiind S8 ARG 0ty A OIBAR Ry DI BAE A b dCAR A
havingletweeat]l and &0 eutdtituted mad/br nonaubstitdieat c&f’tﬁatafwf’ls( ﬁldlg?(;,anx in

For ene t gre nore t han ope e
RS P B e AR AR S et
and/@tox-stitgtubdd BiboR hieils eﬁ@v:&éﬁhﬁ af\chst 0RO Bf‘XCZ & anfl s

However, mis preferably 1 and hence t I near

a -Nbb eypuniand/or @b leasteenei of 1heroathoa atqmqometlwr dbylsmeu sheingdes
subs {e}{bygﬁ%&ﬁ{#g#ﬁ e chain A Al kylene chain B, as is

escr above, includes between 1 and 20
s Ulbertce,tthe Bebanpolymiing ubtditg ifoettle p@sdno hwattmmsm pFEﬂ:&any
ne chain gnnected at its wo ends t

COmMEFf}e/P A0F SRITPTE %l‘amﬁaznﬁ (@ Sy 0 1f°mwhié) Py @fe@iupte'éj
by olnb rb?%oreqieae?da R a|1 a@esat@danﬁm'i%m# i F{;&g&; 7 gid

between 1 an Kyl €éne chai ns denote
terminates wiintwosstuelr leetérdatoms (X angrz mlPienmﬂeI) herein to

descri be .a.plurali f l.ene c o Bl,
kgt ciitifa &< delined, Rsr Hache o ndeay [y ghio
non-AB8#MEd 6£8dn RfoHls! :d00 I6RRBEE Lat least at one end thereof, to a

heteroatom (e.g., X in Formula I). Whenever there are more than one alkylene chains

com inéti\lolx_ll
romt

A (in cases where m is greater than one), only the first alkylene chain A is connected
to X. However, m is preferably 1 and hence the linear polyamine depicted ih Formula
I preferably includes only one alkylene chain A.

Alkylene chain B, as is described hereinabove, includes between 1 and 20
substituted or non-substituted carbon atoms. The alkylene chain B is connected at its
two ends to a heteroatom (Y-+-Yn and Z in Formula I).

The preferred linear polyamine delineated in Formula I comprises between 1
and 20 alkylene chains B, denoted as B, ---- Bn, where “B, -~ Bn” is used herein to

describe a plurality of alkyler;e chains B, namely, By, B;, B3, -, Bn-1 and Bn, where
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56 n equals 0-20. These al kyl ene chai ns can
same or different. Each of B, .... Bn 1is conﬁ?clfelgjgmpzom
the respective beteroatomY, .... Yn, and the | ast

WO 2®4f6¥deine chain in the structure, Bn, iSpalf%003/000681
connected to the heteroatom Z. It should be noted that
herei n throughout, whenever an integer equals 0 or 5
whenever a conponent of 3& fornula is followed by the

n equhigl-20. OThdsh alkylenﬂmmme nin besthe ssean differanm Edvh of B ucBur e.

For exanp if nin Fornulal qc;‘ﬁglso there is _no

is coavWFé%@eéwaF%VBh%tﬁeatﬁ@ Yet-eftb anbibe lashallylenschpingn thse

strudnﬁe,tﬂ?lels%isb'éﬁﬁdé&%d toﬁﬁ@ﬁe@&@ﬁ&?{z n equals 2-10, nore
preferably 2-8 and nost pre erably 3-5. Hence, the
| i leshouip bt paieil tkat dersirc thealighout,Fehameves ah nmegefreaqaai!; Y or

B h
wheled b S ooPl" S Lol e By 00, B . “Fmrnefinc
absentefoora tkel sﬂrutlgtﬁexr rFsk aximpfggsff n mCFdﬁﬂlelaaI edgﬁl%sw tﬁéteflaﬁ\ib Ble

royp., S thi,s term|J.S erl ne er el napove rerera
alkylbpe qhaig a9 *ﬁm%@f@?&tﬁp@eaahfa ¢ e SthcEre ab}oy at d
| emeferadbBAim 8§HaRe2-900MBR prEREabRDIRC Akl QU8 PRRerfMy 3-

present in the structure as the heteroatons X Z
Henog, the lincar yplyamige Henisted indfornla d pregueblpincludessbeswesn Vi an45
5al d r ituent of one or nore

akt\;?'nt gﬁlggb CP%‘?‘QQG%% §ﬁet&°€t§9ﬁ§?l n the al kyl ene

c hEtierisme#x pulchnie deplcxchn Fofrinda pmesemcledoht ledse one amnee

is. ' d f tabl e chel
eroulad 9 i i P biini: ieopeb ok Fotl ¥ il pp T The
moreqbrkﬁéRiéaryeat Gdagd ﬂaupﬁarmh@fgﬁmgbl ’Yhehzﬁﬁm@ gﬁb@ﬁ Rimbe pREIYtht |

....... RCy gH Fornula Il wherein gis
struchye a&fb%b@ﬁf)@tmﬁ Xedul¥s -0 Yor, sehibat apBastione ef Xt Fand Y,

l. e chain Ais ed of f _carbon
o VR IR A ' sTosiRER oG Bipore Bt Pt g e
atomk SSRESILYIVR dRains R%ndﬁ? - Bn. ROhelprasefleed theSd AHIBS groups is

Preferably, the al kébene chain A includes 2-10 carbon

requigadoips Ordpip foe forpyr efstablebthelate) withathel cappst ipn, efseisadibopssed 4
hchlv\ﬂ)ropé)n atons. As is defined herei nabove, in cases
g equals 0, the conponent CgH(Rg) 30 is absent
f rinatidylens tiaiicA preferablg hiveeferalFormillk Ik ene chain A
conprises only 2 carbon atons. 15 February 2007 WO
2004/ 016731 PCT/1L2003/ 000681 57

llll 1?2 Rg
—CH CZH ....... CgH—

Formula I1

wherein g is an integer that equals 0 or 3-10.

Hence, the alkylene chain A is comprised of a plurality of carbon atoms C,,
Cz, C3 ++, Cg-1 and Cg, substituted by the respective Ry, Rz, R; -, Rg-1 and Rg
groups. Preferably, the alkylene chain A includes 2-10 carbon atoms, more
preferably, 2-6 and most preferably 2-4 carbon atoms.

As is defined hereinabove, in cases where g equals 0, the component CgH(Rg)
is absent from the structure and hence the alkylene chain A comprises only 2 carbon

atoms.
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Rl, R2 and Rg are each a substituent attached
carbon atonms in A Each of Rl, R2 and Rg can ltSOFetbruaryZOO']
i ndependently be a substituent such as, but not
wo 2bdafiidzed to, hydrogen, alkyl, alkenyl, a'PE?[‘)lﬁ}’z'oosmﬁJﬁH’
cycl oal kyl, heteroalicyclic, heteroaryl m no,
al kyl am no, aryl am no, cycl oal kyl am no,
het eroal i cyclic am no, 57heteroaryl am no, hydroxy,
al RoRy andRy lamxgach azubstit@eramitabhed fo-thereatiogn seminiAlInEach

t hj, oh .1 I | f -
of Ry i RE o ettt = sibBiett fidhiascbur b Spirsgn.
hydrpgeas ki 10 ilkenyd NEIRYHIQ ik Ry cRAIPD nﬂaiemah@cn@ Helresawl, hdl,
car g??l@éqrpal(} car boxy, C-thiocarboxy, O-thiocar boxy

aminQ. ¢ g, Edapisanacrcloalkylaming c o hptgipalieyelic  amino,
hetergatyﬁhf?&arlﬁﬁfﬁP a!kH{ye 1571})0%‘25 e@.an@, %%ml&bo rag'ﬁg)imum,

bof oaza | aza, aquo, afc
thiohydjogy.o, thwnikn@ oihldféyl()kbydrsali@nyh salfiay], h{fdﬂbzamiée Byl

t d {
s B5anl, RS AR ek RSB £,
carboxiyt Q -daghoxy) Eyhlocafslmxy,t 0+th16carfaj_rxyl Nl-cﬁﬂfan'tateL IOscartaimatea Ne,

thi°°gﬁi?tﬁ'3;“tcg‘?ﬁ@§°'a§ e tﬁig{“fﬁg%fﬂ% B b 054&?@;1?1; ];sglg)'iyf
silazg léhlicpélcﬂlﬁ)l Rbds! ansind &84y, ﬁycﬁ&'ugb alkAHraSiik fa?ﬁ "hidrasih

sul fi'nic acid, aryl suifinic acid, al th|oI
mt“%%%oﬁ%“ﬁt& tamcmnatfsiswwatq, momocamatﬁoxxﬂnp,caﬂadmmle amkyl
nitrith, A lgomtg@a&ppigxﬁlhﬁe %yﬁ% nfthid) adi @{n@ﬁ SURAR' 2R até?d%

car ICcC acld ICc “acl
Sulfomarabldxglkylcsub"mudh, agll hlﬂhtcxdp, efqudl fiyvl eulfoxtdesalk)ﬂlsttléamc acnd

t f t l. | .
R R o e 2
aryl mxol dﬁrboﬁ:lrli@yicuﬂraWﬂ Fﬂhﬂstﬁi%bﬁﬁo)? it Q6id, ﬁ:'kaﬂlolpth%ﬁlibﬂ}ﬁc

fide, aryl_ phosphine sulfide, al aryl phosphi ne

acid, sqarbpmz@ agifkalkyl eebomisnadid, amldcar%quhc zoldp ri e oplfits,

| .
A o e T
oxide, piybplanspliing eidd) plkybadiphpéphsp lvatde, atkyd iphysphing suifide, aryl
s BIAE, AU PR 58 Bl st

phos;ﬂﬁhrahlaeidat glkylC hjhosphing, &k, obivi e h&mﬁféhla@fdl tﬁlosphate,
romat e, bromate bromte ﬁ pobrom te,
thiop %SP % al RReRbg e apvEophpsphite f |tuaho@ﬁ@ﬁeat diydrogen  phosphate,
t d
dihy AR DOAPEAE Mk TG Skt BRRP 1P B anla B Ebonae,
carbom‘.p,a:teechloratardab)rm ehlosts) lnypyctlﬂm&sa, pze:bu:mnatatbmmam &:rcmme

o R o,

hypopHoSphite,S pedutd, VEeriodit o hefbatic] ﬁet@haﬂ%bratéuwéhtah]ktlt ‘Bﬂrat \
arbon, atom .30 As used herein, the term is a
tartarglgysacyiate sugcingieatifrate. Ayeariaiea sasoRACITaD IAIMRRFId, Bydranagti
acid nd}idtodyile br anched chai n groups. Preferably, the al kyl
group has I to 20 carbon atons. Mre preferably, it
i SVheneieediRinRg ioz Rgals ytiropeny iits gespettive k@rioaradmm in atrons.
ferably, it is a lower alkyl having 1 to 4
SUbStMRa{)camogltagorng The al kyl ------ -------- 15 February
2@37sed herein, the term “alkyl” is a saturated aliphatic hydrocarbon including

straight chain and branched chain groups. Preferably, the alkyl group has 1 to 20

- carbon atoms. More preferably, it is a medium size alkyl having 1 to 10 carbon

atoms. Most preferably, it is a lower alkyl having 1 to 4 _cafbon atoms. The alkyl
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WO 2004/ 016731 PCT/1L2003/ 000681 58 group may, e 2007
substituted or non-substituted. \Wen substltute T
substituent group can be, for exanple, cycloalkyl
‘wozaﬁmhwypeteroaryl, heteroalicyclic, hydrox Tﬂek&%&%m
aryl oxy, thiohydroxy, thioal koxy, thloary OXy, cyano
hal o, carbonyl, thiocarbonyl, 0- carbamate,
N- carbamate, O-thiocarbaate, N-thi ocarbamate,
grou@gayi bt Gpbshituaetl of @pn-Eiibistitced b When sﬁbsﬁﬁ!tddpbhy substifue,group

| f onam e I di are a t hese
can Bl 00 SR, oo Pl L Heiseneil, beRam e, MRt ok,
axymgsmwhmexﬁrﬂn@dlwy tﬁfo@r‘jﬁm}é‘hﬂyﬁﬁb ﬁﬂ@&ﬂaﬁ)bﬁylothwairbér@w

carbon atons and st ‘one car bon- car bon
cafb%%l N-cobamate, hdhiocarhgmatg) Nythgﬁparbae% (G-praiglogN-aaidey | C-

h n f s
carb8E B o Shifdni e, 81, EARldite s & £BREA ALAT
terms grpalefedibpteinbdewcr i bes an al | - carbon nonocyclic or

f d r| L, i ch share an _adj air
of T 1o Pty desgrtior, Bl afeto SO pohilo 9 ey 400
carbdin ang[as sigies leﬁatonhamma:aﬂﬁrmbﬂﬂebomc onj ugat ed
w thout [|imtation, of

el ectron system Exa
cyEIPeo‘m pllogny, e éecrabeé ae wp arhich opsists 19 @k frast two
carbSt/AbRPATIL R RBst oAdcatd0nlRRA L EbordY C| Ohexane,
cycl ohexadi ene, cl ohept ane, cycl oheptatriene, and
dﬂmatﬂmn@fclwkrﬂy @%@abwn @k@dmnn'aqnobﬂ:hs @béitsed togd.cor
e subst tuen
nngs%p%ihﬂjﬁ%{gna% aﬁqﬁ‘:?nw"ﬁpof ch)lgﬁ Eigof‘qléi%/rgﬂp wh ﬁ:m OfE.p %rg Pé‘he
nngshln_ee nox:aﬂajveycbmplﬁtelyyaﬂoh}nga&ed pi-dlexxpn sgstanh, OEXamples without
I 'ttthl oh %/ hi oal koxy, th oaryl ox()éSZ yano, hal o,
imitgtigmy oy FYCLORHY) P PFE, CYEIEP By Yo SyElopentans,
cycldpefiafid) %}@Ioﬁexahé 28y cfRERAMRL, € cydolRPRAD cy'&oﬁéﬂtgﬁenen'a%ﬂo

or am no, as t hese terms are defi ned Rerelnabove

adanj9aiass- nbA| eikloatinle group rmaya by | subsideed iob awsubatitalerl- céNh@un
CYig pQly .0

s RASENE) L6l U360 Al oL UL okl S B

heterhaiwycig:, ahydmxp,l elkeﬂ:}y arybny,ugadhgdroﬁy, dlieaditok o tifysiieny,

cyaniy 301 gk ARG <Pt o T SRPy G Sop

carbaffaye, @earﬁt!@ N-hrhidb G @ lor ariAd UR$dsé tbRfhre N¥IRRd hereinabove
substituted, the substituent group can be, for

orhegginheloe, hal o, trihal omethyl, alkyl, hydroxy, alkoxy,

. t .
ootk SRSk RSB ISP oty
(ie., Nngshwblcknslmmm:pntcpaasrbﬂcnrbonl\atm)@wps Uthavingyd congpldtdlp nyI
i ned her.ei above or

conji -G HBR ST TR BB Jigion. GE e Baw e

 phenyipnaehtBdlény| Qhnd fangesbeiylng Tﬁé aeyl gilolp Aay Bk Céﬁbstﬁn@cr %r an

adj acent._pair of atonms) group having in the rin
unsu glt 3‘@11),,

&k Whew sehsBivisd, Bﬁecqubs la@nt ESEP @alahel for exanpie;

trihalSh¥@ lna@?ldhﬁﬂ&fyy{lk&{}daryl&y,&lﬂl‘ahﬁr&} iRy AC-carboxy,

conpl e
O-carboxy, -carbamate N-carbamate, O-thiocarbamate, N-thiocarbamate, C-amido,

~ N-amido, sulfinyl, sulfonyl or amino, as these terms are defined hereinabove or

hereinbelow.

The term “heteroaryl” describes a monocyclic or fused ring (i.e., rings which

- share an adjacent pair of atoms) group having in the ring(s) one or more atoms, such

as, for example, nitrogen, oxygen and sulfur and, in addition, having a completely
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conjugated pi-electron system Exanples, w thout
limtation, of heteroaryl groups include pyrrole,
WO 2004/085381, thiopbene, i m dazol e, oxazole, tBrRAShE000681
pyrazol e, pyridine, pyrimdine, quinoline,
i soqui noline and purine. The heteroaryl group may be
substituted or unsubstit@ted. When substituted, the
conjugatpdtnitclesinen gystenp Ezamples, “ﬁtbputSIiIEiMmfnl o, hemnhayj(l groups
: | .k hal trih [
mclu;fl¥§)b/%§1§,’ Kllr%nﬁ,l % o%%efngx 1m13ﬁ(13rg 85 af%olguﬁraz%ll mpa%dme
yrilﬁidﬂ'ﬂr lyoinglineD-icoaninobing, asdi iphiimy| Tlﬁuheftﬁﬂz}drl gfbup may be
amat e rhb i gcar
subsf{ie] B, Cohitst oled e UORRenE on, c2adet Rise
exanw RIS, € chabdlingd e, e&mhﬂ%ﬂr Hs}axros%;r nthﬂ&oayv Jh%ﬂ erm
eteroallc clic" describes a nonocyclic or fused Ting

thiohydeg) fhla@qrb@yl iveifqnﬁmtdefecwcnrhg:@s P-esrhoxprsulfisyb selfasss Osuch
carbai&x?at@' NcRB5Hate O(?Qﬁgtg\ﬂ t%ﬁﬁte H)rcar’g% rd? g&fq%)WamﬂL 2

naveé one or nore & rings do
amimooas theay terms o defined bérginalmoa pulgﬁmiﬂlqw eI ectron system

T t b b t .tut
G EeT PR Bt F el O e P g oup
in the difig(BEonefoP moex @63k Suchak ittogen, 6)(%6@ ah&¥ilifur. a!'lﬁé'rmgs may

geter oaryl, halo, trihal orretgé hydr oxg kox
also bigvg)| qpg pr Tpty dqublsthpadso xfowevsr, waﬁsy'io noh ysra sampjetely
conjiigdRA0 1-51&&169 S)‘?st’%pon)’i‘he thﬁﬁlgcgplﬁnydlay CﬁeC%ﬁlﬂﬁ%

car oxy O- car bamat e, N-car hi ocar bama

unsubﬂﬁqﬁd@c%bmﬁmamteduthﬁlSnbﬂtlrutedsgmﬁmngn be, Coraeradple, hlkal;n do

m.n S er re.defined herei nabov
eycllioBTaBR: 1IN ol MhuafRufyEL bOEEE iR G ﬁnﬁgxy’
thlohgiﬂlioﬁy, ithiiealkdxy Ceirlonyion, dy@kt, Aropdaelibnyl thickaokylf Mcardbaty) 0"

i s_defined _herei nabove wth resg}ect to an "an ne"

O-caghpry, D-cat G Nycesbymate,; Q-thiecatbamaiee Nrfhtogarbrsaals, | syingly
sulfon)NR'C@mld(ywl@-%ﬁﬁdb & g, ﬁ th@srcetexerﬁscﬁ'e deﬁﬂﬁpﬁ&gﬁﬂ%&é’ or

drogen, al kyl, cycl oal kyl", aryl, heteroary
hefelh@li@rocycl ic, as these terns are defined herei nabove.

L. 4
Dm0 Ses TR e Bl B oBcoegs an
rﬁmemaiammm a30¢ defmsd hérbigatne azﬁth RSpEHt Gligh “adfinedi@f bmed
er ei ,above wher ei e of R and R' thereof

| e
am?osgfmyrs usgd peremn &g éFS&HfJW g Ror éfhsregﬂclii’i 1l are each
r e h bes
1ndedg§]‘de_ﬁ cﬁﬁ_{/d&bgen ﬁﬁﬂ @}dldég!)g ar%ieg%tt%rﬁ%gs k e‘ije{]@?.‘éhc, ‘!I@?lﬁarsé
feﬂnsdiﬁ%ldfﬁ'ﬁe hﬁre,igraﬂoml kyl group, as 30 defined herein. An

AL O Do, s obatotamin
“heteroalicyclic amino” and “heteroarylamino” describe an amino group, as defined
hereinabove, wherein at least one of R’ and R”’ thereof is alkyl, aryl, cycloalkyl,
heterocyclic and heteroaryl, respectively.

The term “hydroxy™ describes an -OH group.

An “alkoxy” describes both an -O-alkyl and an -O-cycloalkyl group, as
defined herein.

An "aryloxy" describes both an -O-aryl-and an -O-heteroaryl group, as defined
herein.

The term “azo” describes a -N=N group.




10

15

20

25

30

The term "azo" describes a -N=N group. 15 Febr
2007 IO 2004/ 016731 PCT/ 112003/ 000681 60 A "IC . SHiugR«2007
describes a -C(=0O -NR R' group, where R and R' are as

wozaﬁfﬁiﬁaﬁd her ei nabove. An "N-am do" descri
O-NR'- group, where R and R' are ggfa%oeofs{o%oggl

herel nabove. 5 An "ammoni um' descri bes an -N HR R’

group, where R and R' a&fe as defined herei nabove.

ThA ‘WCeamiddt deshipelr ox@(=0)@FCRI’basump wiskd Bf amb R’ The dser m
defi tﬁl oal koxy" descri bes both a -S-alkyl group and a
cmeg GNPyl group, as defined hereinabove. 10 The

t eAmn“Ntdmioelr Ydsovibes a0RTFEOPRR D gtolaf1 ,2whePe R Yand R as
-S-heteroaryl group, as defined herei nabove. A
defined fiereingBave. gescribes a - S(=0)-R group, where R can be,

W AR Oilfl b Oes aRLIPHR RSY Lo RAGHA RN
het er oarrnyrl as thesgs fler rr?l%ﬁe %Jo@a%ehgr gl}{%a o%g o
deﬁnbdbbrﬁmﬂi;dvt describes a -S(=0)2-R group, where Ris as

abgve S-sul fonam do" is a
heg RIED%'CP ﬁscrlwstahﬁ&gr ¥Rd R as defined
h eTie ﬁﬂii) Gﬂﬁ)alk%xy’Nde‘ddhﬁdQ it 8o8-alkgl gouiRandz OB%yNEﬁ'!kyl
8 W, t h, Fi) and R' as defined hereinabove.
grou g‘?ﬂ‘?ﬁ herFinabeye, . 0. p(=0) (OR )-R' group, with R’ and

R’ Ttﬁsteﬂ?'ﬁthf&@@lox?@ dE¥ehIRls BBMRQV-S-ar an® B OS BBV giofip, 3s
-PR R'" group, with R and R' as defined heréi nabove A

defineg pysiptieunt is a -P R R'R'", vvhere R and R' are as
def i h 0
or ~ oyl S BOKE K s, e LSS WPy L
alky]\rz]\bbetoalkﬂ , B lmdjfb etngcmnyd ; Iaatﬂeseltermsafe deﬂﬁédigké{ndbovar yl,
e onde a ring carho r.
: L@@Pﬁ’l&%ﬁ?@sebﬁs@-@@aﬁ HP.OHSTF 1526 gl %ﬂé?mw)abogg
d eA l“B@.dlfélﬁfrﬁdd’T abav QS(—@)}NI@ROCQ&HQ With "R OSRICE " BE Qeffhed
-C(=S)-R group, where Ris defined herei nabove

hereiipbopie.r espect to the term"” car bonyl ™. A "C-carboxy"
SR s AT ol i 5 8,

herel‘nibocar boxy" group refers to a RC(=0)-0O group, V\,her e R

Aa‘ls)hocsighonyla 15 a -O-P(=0)(OR’)-R’’ group, with R’ and R’* as defined
hereinabove.

A “phosphinyl” is a -PR’R’’ group, with R’ and R*’ as defined hereinabove.

A “phosphonium” is a -P'R’R”R’*’, where R’ and R’ are as defined
hereinabove and R’”’ is defined as either R’ or R”". |

The term “carbonyl” describes a -C(=0)-R group, where R is hydrogen, alkyl,
cycloalkyl, aryl, heteroary] (bonded through a ring carbon) or heteroalicyclic (bonded
through a ring carbon) as defined hereinabove.

A “thiocarbonyl” describes a -C(=S)-R group, where R is as defined
hereinabove with respect to the term “carbonyl”.

A “C-carboxy” describes a -C(=0)-O-R groups, where R is as defined
hereinabove with respect to the term “carbonyl”.

An “O-carboxy” group refers to a RC(=0)-O- group, where R is as defined

. hereinabove with respect to the term “carbonyl”.

A “carboxylic acid” is a C-carboxy group in which R is hydrogen,
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her ei nabove with respect to the term"car bonyl%SFF?%mm,yZOO7

"carboxylic acid" is a G carboxy group in whic
hydrogen. 15 February 2007 WD 2004/ 016731

-C(=S)-O R groups, where R is as defined herei nabove

with respect to the term"carbonyl". An
"Ot hi ocarboxy" group réflers to an R—C( =S)-O group,
whére-tRiorarbexy” itle im0 Regreips ableveR W ashicfiasiherinabavet he

C i »The term " O carbamate" describes an
Withk%%& ﬁkl%% carbonal’ wth R and R' as defined

heAmr‘mathmcerbmey”'giotqaﬁ-&mm an Rlegel)idegroap, where R is as
with R and R' as defined

r
d"ﬁnr‘?glh‘érl %‘B%%ié"‘thﬂﬁs?g"é}t u{i?F BERr EPYEY descri bes an
- OTlfe( feimh “ Ve arbanfile® l&%scn\%st i DCEDINR'R oS with i ned

. her ei nabove. A "N-thi ocar barrate descr ?%es a
R” adelmed prqreeboygr oup, with R and R' as defined

RNk EL Y RO i iy v s o

defingdd hemmimabdver ei nabove 15 The term "t hi our ea" descrl bes

2 b St -0 N B o R o

as defirBher&bdv@r oup, with R as defl ned herei nabove. The
term"borane" describes a -B-RR' group, with R and

RA SN-ircahamate Seeserites £ RaBEEONR e ZospnyitlhBf anhR” as

deﬂng@ﬁ&ézh%%a -B(R)(NR'R'") group, with R, R' and R"
as defined herei nabove. The term"silyl" descrl bes a

- She terrrR‘ur@a”\desmws’ a -NR"-C4HQ)-RR R A grodp,fwitheRl’, RHané RY’ 25
asdeﬁggdﬁe?r n%'(')y loxy" is a -Si-(OR)3, with R as defined
BOVES The term "silaza" describes a

ﬂ“he(téiﬁ'l thioareaWdésbrllEs adaNH'-B(=Npref T%ﬁﬁb wilrRe] R ahge
e

L. term” descri bes a H20O group. term "al cohol "
_R 65é£cg]P‘? e"éabRG—l group, with R as defined herei nabove.

6 B RORgoF s Wl

hereinabove.

The term “borane” describes a -B-R’R’’ group, with R’ and R”" as defined
hereinabove.

The term “boraza” describes a -B(R")(INR>R’**) group, with R’, R”* and R**"
as defined hereinabove.

The term “silyl” describes a -SiR’R’R’”’, with R’, R’ and R’ as deﬁned
herein, '

The term “siloxy” is a -Si-{OR)s, with R as defined hereinabove.

The term “silaza” describes a -Si-(NR’R’’);, with R’ and R’ as defined
herein.

The term “aquo” describes a HyO group.

The term “alcohol” describes 2 ROH group, with R as defined hereinabove.

The term “peroxo” describes an -OOR group, with R as defined hereinabove.

As used herein, an “amine oxide™ is a -N(=O)R’R’’R""’ group, with R’, R”’

 and R’** as defined herein.
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As used herein, an "amne oxide" is a -N(=OR
group, with R, R' and R'" as defined herein.
February 2007 WO 2004/016731 PCT11L2003/000681 62 A
wo 200688731 ne” is a -NR -NR'R"" group, with
R"M a%zdeflned herei n. Hence, "al kyl hygﬁ%zﬁ%gogdg%
"aryl hydrazi ne" describe a hydrazine where R is an
al kyl or an aryl, respeetively, and R* and R'' are as
deAi ‘hedratins"ah BANRIAR’ R Thgolys Iwith' Ri, IR°1 endRPAEs déffed
N=0O group. The term "cyano" is a -C-N group. A
cyanate is an -O-C=N group. A "thiocyanate" is a
" - Bedet NalklyDRIrazin€M and SHA m@@lﬁhﬁe deScrfde 2 M?ﬁrgnegfvﬂé’rg g 10
An "i sot hi ocyanate" is a - =S group. terns
is an'afiqyk 91 angrlredpectivelycand 3 andrﬂ’”rartr w'defieeddeichabeve. R- C=N
' #:S_ ah an aryl, respectively.
Th@@gﬁsﬁ%’%foﬁdﬁ l?%%ﬂl_(?lg@(‘é and "aryl isonitrile"
demtelhe“caatﬁ-’mcc:glrgm@, where R is an al kyl or aryl,
respectively. 15 A "nitrate" or "nitro" is a -NQ2
groupyanatg is g (G-CEN'BrQup- an - O N=O group. An " azi do" is
»: Al g al gy ul fonic acid" and an "aryl
su‘%?glﬁ&&%g% dé egﬁﬁé&e&a -R-S02-OH group, with R
beAmyisayaratek jd a -Di=Cad groug. , respectivel y. 20 An "al kyl

sulf Xi an, sul fOXI de" and an "al kyl aryl

g t%@"yaﬂ@gdf‘?ﬂ%% S§OR--O)R' group, where R and
R' 2y i<

mT&rt&nﬁaﬁllﬂyl%@ laxa arﬁ Jéﬂé" dBscrfBE & -R ng%@ﬁw e

ere R is and I's an ar ectlvely
lsanAlkyI'wahytyl,scﬂpé@mcly aC| d" and "aryl sulfenic acid"

describe a OH .0 i S..an

o D e Bl iy el i SR Sy bR R A e
whereeryhueﬂlé}'lfokﬁWFre% cﬁvelfjeSC“ be a -R S(=0-0H group

where R is an alkyl an aryl, respectively. As used

heh epifate’ orenitier ipe - Nﬁlzlquupcar boxyl ic acid" and "aryl

cai b " ! ig!De@crl be a -R- C(=0 -OH group, where

quisﬁg# aFf(l?Qjﬁ ryl, respectively. An "al kyl

th%mfazuia‘r’b(a)N/ngu]am d" and an " aryl thiol carboxylic

alfiﬂ/ algﬁ Sgﬁlng(%ﬁ?d” g@s%‘le@glvsg?fg}mc ad d’pH&crlbe a lg S% SH an

herein

| group, with R being an alky! or an aryl, respectively.

An “alkyl sulfoxide™, an “aryl sulfoxide” and an “alkyl aryl sulfoxide”

~ describe a -R’S(=O)R’* group, where R’ and R” arc each an alkyl, R’ and R** are

each an aryl and where R’ is and alkyl and R is an aryl, respectively.

An “alkyl sulfenic acid” and “aryl sulfenic acid” describe a -R-S-OH group,
where R is an alkyl or an aryl, respectively.

An “alkyl sulfinic acid” and “aryl sulfinic acid” describe a -R-S(=0)-OH
group where R is an alkyl or an aryl, respectively. '

As used herein, the terms “alkyl carboxylic acid” and “aryl carboxylic acid”
describe a -R-C{=0)-OH group, where R is an alkyl or an aryl, respectively.

~ An “alkyl thiol carboxylic acid” and an “aryl thiol carboxylic acid” describe a

-R-C(=0)-8H group, where R is an alkyl or an aryl, respectively.

An “alkyl thiol thiocarboxylic acid” and an “aryl thiol thiocarboxylic acid”
describe a -R-C(=S)-SH group, where R is an alkyl or an aryl, respectively.

A “sulfate” is a -0-S0,-OR” group, with R’ as defined hereinabove.

1 1P5Rebruary 2007
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An "al kyl thiol thiocarboxylic acid" and an "
thi ol thiocarboxylic acid" describe a -R- C(:g];%l;ﬁbmaryzom

group, where Ris an alkyl or an aryl, respectively. A
te" is a-0S@2-OR group, with R [
woz?]“g}?g"%above 15 February 2007 WO 2004/ ofgw%’"ﬁ‘%
PCT/ 1 L2003/ 000681 63 A "sulfite" group is a
-0 S(=0-0OR group, wth3R as defined herei nabove. A
" bASalifitet gloup & aaOsS(#Ob -OR groap,pyithvities defifled iherelngblvegen.
A "thi Lfatel.is an roup, wth R as
defi H‘é@ﬁﬁ 15 ST graup, Nhef‘ﬁ? d%}EM%f‘?gg group is an
- OA SfiidohtfAR is & DLBO,-BR! Brobp, vith RIS deTiRed hiteisoot.nabove.
The ternms "al kyl/aryl p OSphI ne" describe _a -R-PH2
gr duphioglfite” Fng‘éR iy an -OMNFOX SRy geoup-ajth, R* as defined
here;rngﬁ,ggctlvel y, as defined above. The terns "al kyl
and/ or aryl phosphine oxi de" describe a -R -PR’
gr Bhepternys faﬂkyRaryhnhbsﬁhindjedemgibara -RHRH: gralm;l/with Rubeiag yh
10 The terns "al kyl and/or

alkygoﬁﬂﬁ%hQ%Bﬁnﬁéﬁsﬁﬁl f’rggabcav&c“ be a -R -PR  group,

Wi The R'rmsal‘fﬁfkﬁ' arfléor Ngtylaphaapsid oﬂﬂw A¢scile ar-R’-PRag(=0)

def| nabove. The ter aryl. phosphonic
group Y 3 R %ﬁ@gén a @@2@ , 95 %ﬁé%{“‘m{}\? boKe-R  bei ng
anrl K:}rﬂls eﬁlkﬁrhnﬂfoy|arﬁsph@§fh'1d39§ﬂfﬁﬁ@\ﬁ@scngg% II?[PI? &-T)S%
"al ky éﬁ phosphi ni ¢ aci d* describes a -R -

grougr‘fdthﬂi ami Ring amfallwbandg)r amayl, Rydefiped bmelaarbwe as
d n W '
g?@ﬁﬁ pégwsat Wﬁ (li‘ 8%83 %‘gf |dﬁ§°8§e er elgjg (%)g )éi%’)
with’thaeing;geﬂk;dbnap:iryladeﬁrsedabweosphate group, V\/nere R is
hydr ogen.. A "di hydr osphat e hat .
o Dls el R skl BRes w8 Ry BB agp. Wit &
bclngiﬁul@nbpﬁﬂl?ﬂt@deﬁ&dabovg F’( =0 (R )2 group, with R as
defined herei nabove. A "phosphite” is an -0-P (OR )2

gruphosphaten iRa -@P (FANPRAORE) govin ok’ and R” as defined
hereir q,gphosphlte is an -0-P-(OR )-O-P(OR')2 group, with
and R' as defined hereinabove. 25 A "tri phosphate"

des Cnidoegsn plospl@R("30) PHOBHHate@ré (- BhrER js-Hidrogen.
P( =Q),. "")2, w,th, R, R' and R'"' are def j,ned
b ofhoerh Thadh@s heppie o, Bt R bR ot
hydnsgfeﬁcribes a -R NC(=N)-NR'R"’ group, wth R, R and
as defined herein. The term"S-dithiocar barrate

q e& “thiophesphate”a dee ‘SS;)(-:W Z@rmpwm@,\]{t 35 defingdhigreinabove.
A “phosphite” is an -O-P (OR”); group, with R’ as defined hereinabove.

A “pyrophosphite” is an -O-P-(OR’)-0-P(OR”’); group, with R’ and R”’ as
defined hereinabove.

A “wiphosphate”  describes an -OP(=0)OR’)-O-P(=0)(OR’*)-O-
P(=0)(OR™"),, with R*, R”* and R*”* are as defined hereinabove.

As used herein, the term “guanidine” describes a -R'NC(=N)-NR”’R’"’ group,
with R’, R” and R’”* as defined herein.

The term “S-dithiocarbamate™ describes a -SC(=S)-NR’R”’ group, with R’ and
R’ as defined hereinabove.

The term “N-dithiocarbamate™ describes an R’SC(=8)-NR”’- - group, with R’
and R’ as defined hereinabove.

A “bicarbonate” 1s an -O-C(=0)-O" group.




30 R' as defined herei nabove. The term 15 Fe 2007
"N-di t hi ocarbamat e” descri bes an R SC( S) NR" - g};gﬂlﬁﬂy
wth R and R' as defined herei nabove.

wozodllo?@ﬁponat e" is an -0-C(=0)-O" group. 1
30657\ 2004/ 016731 PCT/ [ L2003/ 000651 6?‘3%@%&%%81

"“carbonate" is an -O-C(=0)-CH group. A "perchlorate"
is an -O-Cl(=0)3 group- 6A "chlorate"” is an -O C1(=0)2
gr AlfparbdhateC lid zﬁf—ICt -@(=0)®Hgronf> Cl (=0) group. 5 A

Rochl or | t %& OCl group. A "perbromate" is an
BPIER P8t Mt O BIoHRL e i s an -O-Br(=0)2

gr QW@hlora&”"stHnO@-Cl@—O)h roaf - O Br (=0 gr oup. A
" hxpobromte" is an -OBr group. 10 A "periodate" is
@lPl(ltﬁé)sﬁng@&lbo)Amupodat e" is an -O1(=0)2 group.

5 “kﬁgﬁ“’ﬁ {Sadlﬂab@p&g nat e" descri bes WMhCl 4, MBr4

term ‘raf | uor obor at e" descri bes a
-B&&pgbmmate”ﬁsaﬁ-@t—lﬁnﬁﬂ));lgroopmti nonate" is a SbF6 group.

" ap is a-P(OH2 group. The term
" rréAgrB’lﬂ\é% & and@?%[& TPe8Re group RO/OB/OR B-O OR'
wherbrofite” FanaD®BRO) g, as def i ned herei nabove. The

terngs "tetraal kyl/tetraaryl borate" describe a R B-
gr dupyPoRfomiteRis BePRpEaIP- 20 al kyI or an aryl,

10 reﬁpﬁ&{ddytg’l’ﬁ,ana@d!%g_éé}%% above. "tartarate" is an

OC§ O OH group A "sal ycil ate"
i sAt'ledatgt sap -@OEOR-Eraup: succi nate” is an

QR AR S e
The term “tetrafluoroborate” describes a -BF4 group.
A “tetrafluoroantimonate” is a SbFs group.
15 A “hypophosphite” is a -P(OH), group.
The term “metaborate” describes the group

R™C, \
0 OR
\B/ \B/

_ OR"
where R’, R”’ and R*”’ are as defined hereinabove.
The terms “tetraalkyl/tetraaryl borate” describe a R’B" group, with R’ being an
20  alkyl or an aryl, respectively, as defined above.
A “tartarate” is an -OC(=0)-CH{OH)-CH(OH)-C(=0)OH group.
A “salycilate” is the group

Coo-
©,OH
A “succinate” is an -O-C(=0)-(CH;),-COOH group.
25 ‘A “citrate” is an -O-C(=0)-CH,-CH(OH){COOH)-CH,-COOH group.

An “ascorbate” is the group
CH

|
.OHchc\gol/o

HO OH |




An "ascorbate" is the group OH OHHCO (/yam G%F%égi
Euary) 2007

February 2007 WD 2004/016731 PCT/IL, 2003/000
"saccharirate"” is an oxidi zed sacchari de having two
wo 26@foR@xy! 1 ¢ acid group. The term "am no ﬁﬁhﬁdtgﬁm%§Fd
herein includes natural and nodified am no acids and
hence includes the 21 naturally occurring am no aci ds;
those ami no acids oftenSnodified post-translationally

i nAVsagohariraie] is ekt mgdizédcsacoax[maeing hfy(dﬂfaﬂ)()y(plﬁwdcild’@c)up_ 5

p oserine a hos hothr X ot h nusua

B S B o o ey i ek el Tt

aclds'ZaIﬂil’Iﬂelﬁeéidllcmﬂé‘s tﬂ@anathﬁéﬂ? QUMINS Nfino 2SIBE ABRB IR acids
nor-valine, nor- |eucine and ornithine. Furthernore,

ofteny pedifigd ppstAmnsigionaliyaim wives [insiskingy Sy EXEmplgnbydroxypieiing
5  phos Eds%ev‘iﬁdcﬂhoﬁh@thl'éorﬁﬁgdanw(ﬁhe? uﬂgsglﬁl' Hinb 288s ﬂ{cluamgemt' de
anal og to at |east one addition am no aci
not lumited taprdmarhigoatific meid, hplreiyiysinkD ISQdé'Sh‘l}an@)vaellr&C inot- i s

eucily aid SR, FURIRE. i o BBl hclydes P dF A THE °

aminB,acids whicBrard lidep efadeptplige Hoad ok agepteiedond Adaldeab Atlicast
....... CgH H Fornul a

°“°‘1df3’ltioﬁgg’€z%‘ @laﬁth&%?gﬂ%ﬁﬂcﬁ(q?@ehﬁ@mthat equals 0 or g+1
10 angl “Bydréxadi acm”eg@rc:(éopmmﬁ g*&* g+20. Hence, each of
the al kyl ene chai ns ips conprised of a
pl Ar'&iqtesylatsf’ lstbagrlgum atoms Cp, Cp+l, Cp+2 ...., Cg-1
and Cg, substituted by 4 he respective Rp, Rp+l, Rp+2
., Rg-1 and Rq gro(gJ:p&_s_Preferably, each of the

éikylene chains B, ....]| Bn includes 2-20 carbon
atons, nore preferably 10, and nost preferably 2-6
carbon 25 atons. As iSfdefined herei nabove, in cases

where p equals 0, the c®mponent -

| Similarly, each of the alkylene chains B, - Bn independently has a general
15  formula III:

P e w
—Cp—C(p+1)H -+~ CqH—
H

Formula III

20  wherein p is an integer that equals 0 or g+1 and q is an integer from g+2 to g+20.
Hence, each of the alkylene chains B, --- Bn is comprised of a plurality of
carbon atoms Cp, Cp+1, Cp+2 -, Cg-1 and Cq, substituted by the respéctive Rp,
Rp+l, Rp+2 -+, Rq-1 and Rq groups. Preferably, each of the alkylene chains By -
Bn includes 2-20 carbon atoms, more preferably 2-10, and most preferably 2-6 carbon
25  atoms.
As is defined hereinabove, in cases where p equals 0, the component -
CpH(Rp)- is absent from the structure. In cases where p equals g+1, it can be either 1
or 4 11. The integer q can be either 2 or 5-20.
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CoH(Rp)- is absent fromthe structure. In casefsly\l%g{ 2007
99

p equals g+, it can be either I or 4-11. Then
g can be either 2 or 5-20. 15 February 2007 WO
16731 PCT/1L2003/000681 66 Each o
wozgﬂ@ﬁﬂﬂt uents Rp, Rp+l ... Rn can be any %F{“/?f‘:zgosmouﬁsz
substituents. described herei nabove with respect to
R,, R2 and Rg. Hence, asépreferred |inear polyam ne
acEshdofnie tsabstinRntd rigs exji+11 NV RAtdaBbe ANYCHUME Ssubsifeueis
nDre alk | ene chains. The al kyl ene chains are
descyipgddie g‘é‘@“"@’ Fipertdn B Redrd Bg. a het er oat om and each
IS n e e
Pr Pe‘?'%reaﬁﬁ‘;?ﬂg%‘? L AT g TP ARURE o SR shidEhiCention
includesa $¥o t 9o moEy @B@rleac oq’nams SO Thasalkxbene neligins adee lrﬂtmup’aﬁl on

there%f:t\{élef i);? t%)il I?ete%ﬁ]an&ﬁltagd B g{;h\/\%gﬁ%gé%?elq eto e ru?[?a]rtgg {r)rlgl d‘% Qhe encel

thereEﬁ r ?mfesably, pachfoé tha hukylene chaighaficlade 2 RAKltwo Babmilﬁoﬁk]lsb al
east one of Cl, C2 and in

as t°t°ﬁ%b9% q‘&?ﬁ’%ﬁ%"‘bﬁp $tble ChSL?H’/EGFWf‘zSF thedhgieroatpms a3 ﬂé;fopll%ﬂ
ion, and Cq in the alkylene chain Bis chiral. A preferred
I | near poloéam ne accor ding to the present invention is

hedinesryn peated, in Gpmada | ersfee@éhmahldcs@t ERStropE es
r I t pxt
°h“a2FafPﬁ"Z5@’?e§‘,"§°n o P&E@%ﬁtﬁ%n e Pend St R it SR 47
and!(l&t leady yheeafdlpaﬂp-hleanddlcph ithyel adtybetne cleain B és chiral.
et h¥l ene{ etramne,. triet El\él ened am ne
A BRI o IRGHH SFWYATHRS  J5E0THE My Ko GMESEh Aention is
tetradtliylﬁiebe}fk@ﬁﬁé et r@t'fibin Sreprithebitati®d Sé@mples of preferred linear
am nopr opyl anedi am ne, and

polyauRes_ysable El-t ﬁF‘PPéf‘é‘f ﬁf;f hy present mV@va)ﬁe@nlm wathoyt limdtakies
ethyl%émﬁd'n%n{, hedféﬂg}éﬁ&h&ﬁ ngnelial lede& Cl 'tﬁeﬁWeﬂ%ﬁF&D

he pol ' yam n can ave a enera

 aminpethytethatoBmiie, - pettveiBylpmehZxantie, rtubthylbx\étmﬂaenm N,M'-bis(3an

. Nt froml.to 10 nte fromO0 to .20;

amin ISP 3 ot bt pia b e PogBbd catPrenedifine

griawpses KWhgiethé pgyaﬁmaahmwxg@ra el polFansitid, ftd péllanie and

a -NH group; and Yn are each mdependently sel ect ed
CanhPY“o%etnﬁrél@%‘d ‘consi sting of an oxygen atom a sul fur

atomand a -NH group; A is an alkylene chain having

between 1 and 10 substituted and/or non-substituted

carbon atons; [B, an@l Bn _are each | ndependently an

al kyl ene chai P9 R8N WeehBhn 20 substituted

and/ or 30 non-substitut ed carbon atons; and Dis a

bri dgi ng group havi nformulpdNer al fornula V:

wherein m is an integer from 1 to 10; n is an integer from 0 to 20; X and Z are each

independently selected from the group consisting of an oxygen atom, a sulfur atom
and a -NH group; Y; and Yn are each independently selected from the group
consisting of an oxygen atom, a sulfur atom and a -NH group; A is an alkylene chain
having between 1 and 10 substituted and/or non-substituted carbon atoms; B; and Bn
are each independently an alkylene chain having between 1 and 20 substituted and/or

non-substituted carbon atoms; and D is a bridging group having a general formula V:




15 February 2007 WD 2004/016731 PCT/ | L2003/ 00105614836 2007
U WV Formula V whereas U and V are each coruaty
i ndependently selected fromthe group consisting of 5
wo 200dR%d71 ut ed hydrocarbon chain and non- subgt. 53%90681
hydrocarbon chain; and Wis selected fromthe group
consi sting of am de, et her, ester, disulfide,
t hi oether, thioester, i6h ne and al kene, provided that
at | east one of said XJ-W;YY1l and Yn is a - NH group
and/ or at |east one g%gg@iqbcarbon atons in said
al kyl ene chains is %tWted by an amine group. 10
Optionally, the cycl i c pol yam ne has one of the
eneral formulas VI- PD1 X-Am (Y1Bl)i --(YnBn)n-ZH
Whe'rgﬁasr Mupzd Vi atet?acllsndﬂmdﬁatb/ﬁc@csei fram VeRgYoup Zongiging ifa

5 subsyﬂutedﬂd}—oca%oﬂ\%g m ]anﬁlﬂo}n \;u&&%ﬂ%‘}l?drgdrboﬁ\(glgmh aanXI WI 1520

seleqt@i( Higma thex gg@p rcobsisting Tof amide; eHir, Aestef,Y 8Bulfidd,- thioether

tiods5y e ket RV Db RO i e Y i vy

NH ‘gmupZandlh,r 48 leastl oht @f @aidScal@MmCAtbRe dn abidv kALt Ehsidshir
b di’ shoul d the bridging group Dis attached at
su SBW@ KA" PHREE%Br nul as VI, VI and X), U or V are

10 Dibridhy m@hctﬁ lyARheGas Bl hd-R thiARuAkene

chaln shoul

D
X—Am—(Y B}~ -(YuBn)n—ZH

Formula VI

D
15 ' HX—Am—(Y,B,),---(YnBn)n—Z
Formuia VII

EEES SECLRRTS ,

)

X——Am—(Y,B,);"-~(YnBn)n—ZH

" Formula VII
20
v 7D
HX—Am—(Y,By)---(YnBnjn—Z
Formula IX
25
D--- s +

‘ T
- HX—Am——(Y,B,);- - -(YnBn)n—ZH

Formula X
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attached at one end to B 1 or Bn (Formulas VII [ X
and X), Uor V are being attached 5 to one caeroF‘??maryzom
atomin the al kyl ene chain. Hence, a preferred cyclic

wo 20Rloyé8 ne according to the present mvenEb@&mb‘%ﬁ&gpes
two or nore al kylene chains, A B, ..
detai |l ed herei nabove with respect to the linear
pol yam ne. The al kyl ene 8hains can forma cyclic

whersin mcw, U,6Y b)Y n, Beh g achPreee hedbscriied abdve ahd ifigltienghgeaup

s RSB mD B ER 8 o TEBl f R

or Vahrs\bkiapattadhad 06 oesaricdr A in mrm@ﬂémtdh@lﬁadnméhould Dis
clic structure connected, via

tricted ¢ bei n
atachiatops et A1 B fermios AR Aot oF Ui e bappgitaches
tom%qﬁ%a@anﬂqgﬂgqmﬂa&c &onfornatlonally restricted
cyclic structure can formed by connecting one
al Heticene prafgired tegelisn Bolyzemm mad:ordlhgttertbatpnmem)(lmcntmn

For I as VI - cri bed nabqve, i
inchiGE 108 ttaqft ol SRaifse A By (i b B RdeRirgoapove wit
respeeo rmmeumm pelyemikck yiihe @ncyp‘ah@bﬁmdsq:a@w @EWIB a!mcmre by

heteroatom_ as.is depicted in Fornul as
being, ¢qugeqtet Vigts Fideing grgve & §et&e@1eﬂ1ﬁﬁm§|th%mfemmtvdmween

the HE@:% totns’ Qﬁd % éF&%Iaoﬁ@ 6@% ﬁmte%%lé?l? REnARNE

chains A and tar om can be
confermptienally o‘ﬁstxi:ctt;d cg:llcaguctmp b)C;beilhg a:ome@tqd,demcthe bexdging

20 As d h o] ,
srouf B, Bl BASKE FhmdExl, ok ronry fonE ey e e
cyclib,strudtire h:aﬁ GRNRARE! by\BormedtiAg e taskyldhe LdRGIn SthIdA6 ttethBral The
formula WYV, where

h bri d% g rout)?sD has a gener al
etergaiam (§01 & V&IX)- substituted or non- substituted
hy gy RCRIEBE Kdidhdboyd i &h%&dwﬁb% ﬁferz%%chﬁ%m&tlfe% Forme by

"hydrocarbon chain" "describes a p ity o car
connpring pahalkyipnecthainrte oniomingd ﬂiblyroatmmehmdiemmsd iroF cammtah er

Vo B Bal 2 s b o oas ol R EEE PRHR

carbddy 8616 hﬁtde @nkylewmm@ ahead Band BaaThishefeh o dah qala @ne
al kenyl , al kynyl, cycl oal kyl aryl

| k
of CIS{S@@;S&?C@ Xaﬁebpﬁé%%bﬁé hFW@ﬁ@B‘F The | engt h of t he
hy,er Bcﬁﬁﬁé}nde‘émeﬁ%ereﬂﬁWey fhe Hocrd. ne‘g{nE@ %?(qhg%

the chains, is prefera Iy
-brldgmgr groumDe vdificht mncpy&:twoccqmpoymts frethe sstrobtuteh he bndgxmgle

n .of t ructure
grou, Bl 2 bOAEiad bty SR it el of GEaiEY 15 Siptchgd G’
‘substirfitbd bydesvarbohehas.i on with the copper ion would be
achi eved. 15 February 2007 - WD 2004/ 016731

P usedlsein dhorigase é‘bvdrqm@ﬁn ehin”tfienribens Plorliregicarbem
atom§ whgh h?e%eﬁentgrhﬁaﬁﬁ!@ §|tnébllb Uasths £Ha Qrgggbﬁﬁ%%&é qﬁero(flza b

onbi nati ons e substituents erein ove
: hydrqaetl atomss Jése thydrocaRbon dR2inananl bikgatuiateds insatuiatedabranched or

unbra?lgllne\ﬁ%% Qi1 therefore include one or more alkyl, alkenyl, alkynyl, cycloalkyl

~ and aryl groups and combinations thereof,

The length of the hydrocarbon chains, namely the number of carbon atoms in

the chains, is preferably determined by the structure of the cyclic polyamine, such that

- on one hand, the ring tension of the formed cyclic structure would be minimized and

on the other hand, an efficient chelation with the copper ion would be achieved.
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The two hydrocarbon chains are connected there
by the group W 5 which can be am de, ether, g)‘sa ég‘r%?a@yzom
di sul fide, thioether, thioester, imne and al kene. As

wo wERkBerein, the term"ether” is an -0-
term"ester" is a -C(=0 -0 group. A "di 25?@3%310‘5%1a
-S-S group. A "thioether" is a -S group. 10 A
“thioester" is a -C(=0)-8- group. An "imne" is a
- CMhRiHjhe hydopbon dmin' iabitatimted) the substiien®-eandrequp oneldre

comnyePh §EuBR R B ity RO B A e DN

in th¥ Jin&@ pélgarhige.pr oduce a bond t herebetween (W, via well -
15§L<novvn ;éech iques, as is described, for exanple, in
U. & Bt Byiroqagponcehams amgonngeted therghewpqmp by thepgrowr Wit h

whidh@8PEEAmIHE etRE ebtb) 8RAIARG UG R GhiodsRE, i dnfl 21iBQY Yam ne
nmust include at |east one am ne group, preferably at

| eAsvsed Weremniha éermgedeids and- gonp preferably at | east
fo ' e -850y as to forma stable copper
chglfeat?lg{lxkgﬁg,&gg?éé gﬁr%e?oéiﬁ'cl i ¢ polyam ne according to
t ha “pisdfdeitis & FBBngrogm i s cyclam (1,4,8,1

1-telragzacycl ot etradecane). As is descri bed
he{geh‘h"i&?{/e‘?af "Bt yami ne chel ator of the present

i NX Ehidestr” i@@rc(ég;_ghg&uﬁ_ncl ude a nultineric
conbi hation of one or nore linear polyam ne(s) and
on@n oimipep i KTNHE g50iPyani ne(s). Such” a pol yani ne

Chﬁﬁ@atl@nc’cﬁg—g?ﬁ%%foﬁﬁbe 25 conprised of any

conbi nati ons ear and cyclic pol yam nes

deBertiridgidg gtoep & is fipically fofined by adnhacting reattive dedvayiassiofe
the h?{?r%ﬁcfn&h?@%[]?a&?} h gcg ?slég)l[:)?ord%el aabo)éld therebetween (W), via well-
knowrQechinfqasd, he-K described, for txdniplel irl 3 Bdahk Nb} §,8113h2for nul a

XI wherein n is an integer greater than 1; "each off,

g, A is jdescribedq abave ith fgspectj © fhediésanaelyemine, she ryplieger

: . : n hS b d y a
poly e sl Bl o€ 26 Ble, hine mrond gl o RS G
groupzGnd Inuze e fedddys 8 leaz0four smile gouphed aher form alsable; copmee h
chela?é @, & and On is independently a cyclic polyam ne
as i s described hereinabove; and each of QL, Q2 and n
| SA ipredepaingend pylyfmink Rk&iding ikd ic@eRAl MO&HHoL IS c%_flarﬁ’ ai d

' am nes, provided that at | east one of said , @
-(L%@ﬂ#tr@;aqygfo adgfpifd- group and/or at |east one of said

I AR 1deRAbYPHEARABNE tRPhdlyamtifid Lifelator of the present invention
can further include a multimeric combination of one or more linear polyamine(s) and
one or more cyclic polyamine(s). Such a polyamine chelator can therefore be
comprised of any combinations of the linear and cyclic polyamines described
hereinabove.

- Preferably, such a polyamine chelator has a general Formula XI:

{ED)-QI-(G)el}i— {E2)i- [Qe(Ga) T}~ {(Ena)-[Qu-(Gin)o) 1t
Formula XI

wherein n is an integer greater than 1; each of f, g h,1,j,k 1, 0 and t is independently

an integer from 0 to 10; each of E,, E; and En is independently a linear polyamine, as
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5 pol yam ne has at |east one free am ne group. f
El, E2 and En in Formula Xl represent a Iinearlsl;l%%g’la?y2007
polyam ne as is described in detail hereinabove,
wo 20blegi€ach of G, & and Gh represents ape¥slbhdoonss
pol yami ne as is descrlbed in detail hereinabove. (¥%e
pol yam ne described in Fornmula Xl can include one or
nore |inear 10 pol yam ne(s), each connected to
is desmibtdbercihatneareapodfy@ING @ndGn iDindepeydenile a padly polydfine

L R N AR MR
1mkd1Eg KetRESIvo of 644 E&I?iﬁuﬁ@k Bﬁbv@ed thgzatm &3 of E‘an’fQ‘i nw Ad Xl .

ach of the lin ergs can be,
Qn léﬁaﬁ@vr@ Brak prdégrent %ﬁk@m@feﬂa@ imearl Relyamingand @wciz Fxtie,
poly:%lﬁ% 'ﬂéh&%ﬁe frFlﬁd ?érmé}ﬁ amne, azo, am de,

onyal su | f onani de, phosphonyl,
phigashrufriil E:» phdsﬂmhmnmeulakKI oepsdsent, a diagao olybmine as is

cescapt OF B Heren S S iR pE e Gorpaf bn SRevaRe: St

po]yiiﬁh@ﬂﬁﬂdesﬁh]be)d]m daiul Wxdinaodk.Si | aza. As used herein, the
term' a}I kenyl ene" describes_an al kyl group which
cotfi B m‘B? dggeripeda iy Forgpyla: & 15an 15%16% OBt FOrS dpesr

polymse(s)aém CofRELPR HMHE! ﬁeﬁgﬂgawgg of Bfa é olyamlnc

Kn¥ ene" descri bes an group consi st s
ofEaa thadinearwo cyctia pdummesurrﬁ oamda X id @&Mctedm@another

d..ih
poly{ERAE P B EEEHbte hikeef pebeticallon B Mo G By g
(iEaeh of the figker@hQg in&hdiQa cﬁﬂb@@}r&@ﬁﬁgle ?ﬁtyﬂenefall{bﬁiﬂbﬁl
(0] e rl.ngs

f
a‘kyrwiff' hADEES ou@é{%ﬁ@ﬁ n%?ﬂ?ﬂﬁgggmﬁﬁ- A% cHPgR §‘§lgi“
sulfirfsX aéﬂl’foﬁzﬁmd@%ﬁ@sﬁﬂ&ﬁ}lt phd) ih@AL 'pﬁ&bph&{mrﬁy ﬁét@é%kek%arlﬂ‘fn?y pS

are cycl opropane, ut ane, cycl opent ane,
tthCéfi)@nYép'@m,@ﬂ@r tbbpeth@hwmte hjesathhmrigdiven dhiourea, borate,

borarféyﬁérﬁ’zﬁgF%'il?ﬁ?ﬂqp&éﬁ&ﬁﬂ%gt atriene, and adamant ane. The

escribes an all-carbon nonocyclic or
f uﬁssanied hengn the teyra Y alkeénylepe” describies argsikyitpraup vettielr @nsists

acent, pairs of carbon ato haV| ng a 30
ofat Y by iy gk Bt pre BIEE RGN PP Ex ! 5.
Wl’lthG @dtn ‘*all@hﬁ@ﬁd”‘ﬂ@scn@és aﬂra}ﬂyl BoRd RBich cBnsRESAt Teast two

E@{hal enyl” and ant hracenyl . e aryl group may be
carb@@ siang pidgast @me qarb@mg@bm @iblehond.5 February 2007 WO

29[(%/ QP é%logﬁ&r{e bgso 058 cdbon abﬁoéy%ﬁ r fuse FIP% g

‘het er oaryl ene es a nonocycli1c~or PLSE
(i.e., fingsewhich shagpsan adﬁucah psuln af enrlaum aa:dnf)gamp wietdin afe dnows)

o ERUP YRR T, LSS one, S TS RO ST
withc€l Binfthtn, of b3¥loMEyldroup? afelc%ls;br)zs;taéhe ruyugaﬁm Bicidpesde ON
cycio;sagnstén%mcyg)ét?er;gzlaeeScyclohexadlene cyclohcptanc cycloheptatrlene and
adamantane.

The term “arylene” describes an all-carbon monocyclic or fused-ring
polycyclic (i.e., rings which share adjacent pairs of carbon atoms) groups having a
completely conjugated pi-electron system, Examples, without limitation, of aryl
groups are phenyl, naphthalenyl and anthracenyl. The aryl group may be substituted

or unsubstituted.
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5 heteroaryl groups include pyrrole, furane, 15February2007
thi ophene, imdazole, oxazole, thiazole, pyrazole

. pyridine, pyrimdine, quinoline, isoquinoline and
265040l The heteroaryl group may be sub

wo unétdggltltut ed. As used in the cont ext of %Jﬁ/hﬁf] @?1 of
the present invention, the term"am ne" descri bes an
-NR -, wherein R can be&ithydrogen, al kyl, cycl oal kyl,
ar Thq tenat ‘heemayplenst destibdlet ﬁfoﬂoqycllm or fiaed tihg giee. t Bigys

ed her ei.naboye. the{hused in the

whichsfre3p SRS RF ARES Grun beingeie DerPerh R PEFE e

sucht &, Mor e&itﬁple dﬁﬁr@%tnb%i gen N’F(N‘sulﬁfrom il NRd#i8h,Mhavidp de”
descri bes - - group, where R is as deflned

complgtely r?a%%aéﬁd PSel‘F‘ﬁ'émt SYStAm. ariAMDIEY. WitBeut| Bamgation, of
T 1 f
el g, S o] myghede gl SR,

pyrazcdq:,mynglmlef piintidine) epinollibe SsaquinglineOygl puyimeu The Tieterdagrlm

ulfonm des a-S(=0)2-NR - group, wth R

gmug a&é)fa ‘%’ dm%EGrWEP&‘ﬁ'z%‘o The term "phosphonyl "
deAs usedas the cofeXP oL GnGRr)of tt@rpmmt iNvehtorRtheagrmdahineed
describes a - PR -

her ei n The term "phosph "
desciyiisin By Moo B CohR A Eh @ikl SYsoO N 78 e o
hctero@ilﬂﬁ%%%s‘a?e &finédBrénaboviere R and R are as
fined hereinabove. The term "ketoester" describes a
G(t&@)fur@(ef@ed @ theeanigxt of thip linkes pithe presdnbimyentioddbeterhes
The term "t hi ocarbonyl" describes a
"azo &s%?ega Noupéfjrguopo The term "carbamate" describes an
- O{e=ym Ninidet) desapbesvi tC(=0)-N&3- geflip,nelibre Rerieandéfined.
b .Tt%xt erm "t hi ocar bamat e" descri bes an - OC(=S)-NR-
CregPMYp, with R as defined herei nabove. 15 February
200 oM ARRdiB6 dkdrils bl - N?ﬁﬁ?z{@%G%erZ& if Be ad el
‘urea" describes an -NR -C(= group, with R and
hereipaboxpd as defined herei nabove The term "t hi ourea”

de’?ﬁértlalkﬁ?‘%uﬁinyluﬁésb%e:s@—sp_%): erdh P UP with R and R' as
The term “sulfonyl” describes a -S(=0);- group.

The term “sulfonamido™ describes a -S(=0),-NR’- group, with R’ as defined
hereinabove. |

The term “phosphonyl” describes a -O-P(=0)(OR’)- group, with R? as defined
hereinabove.

The term “phosphinyl” describes a -PR’- group, with R’ as defined
hereinabove.

The term “phosphonium” is a -P'R'R”, where R’ and R’’ are as defined
hereinabove.

The term “ketoester” describes a -C(=0)-C(=0)-0- group.

The term “carbényl” describes a -C(=0)- group.

The term “thiocarbonyl” describes a -C(=S)- group.

The term “carbamate” describes an -OC(mO) -NR’- group, with R’ as defined
hereinabove.

The term “thiocarbamate” describes an -OC(=8)-NR- group, with R’ as

defined hereinabove.
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defi ned herei nabove. 5 The term "borate" descr
-OB-(CR)- group, wth R as defined herei nabof\/sgﬁ%%a?2007
term "borane" describes a -B-R-'- group, with R as

Wozéiﬁfoid?ﬁd her ei nabove. The term "boraza" ¢ Lhid B
NR'R')- group, with R and R' as defi nedéﬁ/&zb 08068

her ei nabove. 10 The term"silyl" describes a -SIR R"-
with R and R' as definéd herein. The term"sil oxy"
i sThe te®i &R dbscribas ath-NR aS(=09-NRik drrdvpr with &) aud R’ Tdnd

asdc%ﬁfegé;rshl aza’ describes a -Si-(NRR')2-, wwith R and

de&1°hed herein. It should be noted that all the

t eThHsteae Sthiouleat! desetisds napy £ (+=g)-Nkre geup) @ith ROind R 2515
| i nker of the present invention are the sane as

defingd dereingayeabove with respect to the substituents.
HOYRY @drm  FBbrAte'S ldeddibésOAn T ORBIORE SMBST Wit R asIHeHRA.
whi ch are connected to a corrponent at one end

herewpkaveof | t he Ilnker groups are connect ed to two

co £ » t.ner eof t hese terns
COMRABRN Rl fuial | SaLIgkeely UL ERGE: pbERG. Lo
haBhetean“boenad’l desaribel e F (NIRIROY-egrows 6th &’ agd RO ak defined

h f esently nost preferred enbodiment of the present
erefigiP¥fit i on, the pol yami ne chelator is

t erweatahménﬁn aeeAbRE -BRRTERM R’ BRYRY 8¢ defRikd fiérein.
preferred polyam ne chel ators include, w thout

| . Fherterm éHOXYeﬂWSeﬁ@R)amwnfb R aaudeﬁwlhemwbqvam ne,
am noe%%ﬁ al;;]nt%nae,élzg\lﬁ f‘h&ﬁgl: %g]?az |Rr’1’eas ﬂ%ﬁmd

hereipent aet hyI enehexarri ne, triethyl enetetram ne,

aﬁﬁ ﬁyﬁfdgv:g)ppf d rhaga}L g1 begrﬁg agssr%eﬁ Zieéfrgﬁovc in the context of the

linkeNNF tH3i fBéséntaifiveieien Bl the dande B Q@R aBdVeNgith desgett to the
di oxa-4, 10-di azacycl ododecane,

4
substjtuentyy 1HOWRYER, oz istRction drora dbe aHestigient greme, Which, e
connEétécﬁt%%%ﬁpoﬁBﬁ[‘é&%e ehd f}fgéoﬁ e kel %blgaé 39&’&11199&&%%&

tetraazacycl opent a ecan
-commmmt? atltwq gtes dlxzand \anl didorte teseeterB) have ebeal pedefihdds vithl

eferred chelators are known in their high affinity
resptf%%éli;e Kér COpper ions. However, these chelators are

f usd the bedm&ﬁéhfhbﬂddaiei'eynaﬁdik&[ étﬁbxﬁfdg&@ﬂle Byesédigithost preferred
substanttj affinity also towards other transition
embqispel)t s, ofas thes PSR bAWEHIPIROJEE ariPlyamitEnt cpm@s Jov

tctraéiﬂﬂelf ﬁé\fhtmu'}@ (TEPYS). ONFdwrdver, 'dﬂﬂe'é O@'&f&@% é%laﬁ O e 6 ia%rg h

solid-state 15 February 2
mclu{i%:‘mthmtdﬁmmmmlaﬁianmm diethyleostrizmine dticthplemteaininge.

wietYRRIINFG ca by repdpdRbEoRing 1 ol | MR
pentdethiyRh¢hexamine, triethylenetetramine, captopril, penicilamine, N,N'-bis(3-
aminopropyl)-1,3-propanediamine, N,N’-Bis(2-animoethyl)-1,3-propanediamine, 1,7-
dioxa-4,10-diazacyclododecane, 1,4,8,11-tetraazacyclotetradecane-5,7-dione, 1,4,7-
triazacyclononane, 1-oxa-4,7,10-triazacyclododecane, 1,4,8,12-
tetraazacyclopentadecane and 1,4,7,10-tetraazacyclododecane.

The above listed preferred chelators are known in their high affinity towards
copper ions. However, these chelators are further beneficially characterized by their
substantial affinity also towards other transition metals, as is described by Ross and

Frant [Ross JW and Frant MS. Chelometric indicators, titration with the solid-state
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Al'l the polyam ne chel ators descri bed hereinab ESan
be either commercially obtained or can be syn es| zed
usi ng known procedures such as described, for 5
, in: T.W Geene (ed.), 1999 ("Pr '
woz g’%élei n Organic Synthesis" 3ed Editi on,P%&gl%#W?ﬁély &
Sons, Inc., New York 779 pp); or in: R C Larock and
V.C.H Woley, !Conprehgnsive O ganic Transformations
cupric fnGetléieivé RldcHbdE | Qialytifdl QHRmidRyERRISI0, 00ES}, WidROR)
., 2"d Edition. A preferred procedure for preparing
incogpofatesdiygleesneqsit Gty prs fartidesin. chel ate 10 (TEPA-Cu) is
degfhi i3 : szplﬁr‘
ché at or Caﬂn{éﬁ@%&o'g%%%%@?%ergﬁ%%giP cu lt?‘%fég%ngg%%
obtaifkeé of i qanl bec eymttnzed ubivg knofn poppdures hedhate devargbede for

dependi n._the s ific a i cat.i in.the .,
examrﬁﬁg 'G (rjrtjﬁgr 5P E%(jI)I’ ?%I (al%mﬁﬁ%m}é g‘lg ouRs gp 8@%‘%%‘,{1‘% t3tn
Editiehalotin Wilky M Sbl, BoQ Mew 0Pk M p)y @figr RI0L Yokl fridv.alrput

.4 Mto ahout 50 mM nore preferablé%_Pi 15 within about 5
Wiolsky 1Compaehshsivio OrgonicHansirempfions —b (et gFuretiemah GEw0 e

. Preph@fioR%X-(Y99992€Xffed] ng hemat opoi etic stem cell

popul ations result, inter alia, in an expanded
popuiteleiresh pofcediserderoprepasing deteedlenepentamineTopper chelateher
y [ 40 - the present invention there
(Tnggﬂkgg%%HQ%lﬁ?gﬁggﬁgh%§59xpanded popul ati ons of
heTiet apperedhicltesérechezek Icsn boplogida®eh the @iycubiire tiRdiom,
t hods descri bed herei nabove. The expanded )
The QEBBE CORPILOB of Rk p%*fﬂg i 02 themadeRaafing of: sy eerigct o

ol DR TSl e it o
to aboas 0emivh hrefe:@I3 4nithie hbomt 4 @M whatoht 50 miMambre4Pcibfuidf

..cells ar 4+di i.e., fall below the nedian
w1th1nﬁhaglﬁgipt@tqq$%§tﬁﬂ;(£. anal ysis, wherein, in the 25
I epRl RGhGR 8 chbR oG Eibbwe fo@exlﬂogéxb&?’dh@ henfatdpBie éntreaﬁt

are Lin" are also CD34+d; mce n-one enbodi
cell poralapopsutesitlt, drterod/id et expaided ipopwWatiam afdienstopoistiastem

cellsSi ngl e genetic background. In another enbodi nent, the
ex-vivo expanded popul ati on of hematopoietic stem

C eTHus, foing hécvedingto ah @@sét oRthe phdsént dRehticidhdre adpeovided gl e
donor erejn N gtg}lljal s 30 the average nunber of
ex-vipgrgypandady popuilipns, eghemaioppigite stemistle Siatngdniyt apotleis ¢

methBBN @Rl Herdsibbve. ThY Eﬂgﬁlgd./eg :}oﬁl%flat?cng Q)Q'helggﬂoboi&%gt@ﬁ e

expressi on of the CD34 _ n markers can k
cells geqoeding tocthe preest invgntiopicemprisc a phadBy af atlissharagerized by

0 REI 0L LGBt B SEORTAE B o
CD34enewel faploietow thel mafiant inendig MR @OCS hnatysti afeel| irsthean
reselgc?ab?eeéﬁgm crc]:ﬁg, ai Irrl]aj (\)/riléf E)to c'eH%/ wLigl?gre Lin™ are also CD34+4in, cells. '

In one embodiment, the population of hematopoicfic stem cells has a single
genetic background.

In another embodiment, the ex-vivo expanded population of hematopoietic
stem ceils comprises at least N cells derived from a single donor, wherein N equals
the average number of CD34+ cells derived from one sample of hematopoietic
mononuclear cells, 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

2007
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termcolony formation (LTC-CFUc), as is furthq
exenplified in the Exanples section that follo
is discussed in detail hereinabove, ex-vivo expansion
wo 28 @Fpt opoi etic stem 5 cells can be ady @ﬂhﬁ&ﬁ%&%k
utilized in various applications such as, tor exanple,
hemat opoi etic cells transplantation or |nplantation,
adopti ve i mmunot herapy and gene therapy. The ability
renewal gmt@t:iali Qfehet Imatopoiciiv ste@geAN&ndr d@femmmm by lomg

oSy, b B SRS R B

that followk.zat i on of the net hods descri bed herei nabove in
these applications. 10 Hence, according to another
aspeidisgpssedis dﬁﬁaééﬁrﬁmabowv,@mwwwweo kematopoictietien

cells"&h r’lﬁdacﬁ'gnts.@ fﬁﬂfﬂhz%& i t%l.ls Fansh &0 ati P é)ie, of

i mpl ant ati on. e neth o according to thi's aspect
hematppoigiiceextlattransplantation ror | mlp@hfwom eajioptyve( symwibtheriapy rapd

ear. cel
eene O P PUE b Ty BRARONEIET6rBE cPullii ot BRI Famg
cells mnlthldfeﬁatc@oietmlgonﬁnuﬂmélmItl&I detls Sdued® s&li}ﬂmﬁﬁlggﬁblhfafﬂ's
S nor 15 provi e. hemat opoi eti c
the ffzaiincf B o0y bt hhaasnafoys nibise ARICEIONS i one. o
C Effénce, RicQrdih g foPdnb @B AR oiathe bi&end AVELtibh 'EH%re 1%&5)v1ded a
reducing an expression and/ of acti vit SO as

methpd ofhqmeateroistip 6¢lsItransplantation ehimplastationp eenqth;odsxceqrdmg

Febru&gy 2007

o th?se]l}]épgl ti ngL %I %énet rle nPt?a Oeﬁecggth&?z)‘&%*nﬁ gilwe aito me{lc

monaatlesr @ls which pompmel a@m)ortﬂ‘aaﬁﬁpd)fﬁmmlamgmafc aomh:aett ¢eilg

t he thus.obt hemat opoi eti ¢ stem eIIs t

and ?&?%higwm ?-\Eh ‘%P@%"H? ST BPRL RIS TipRy 3 door égm s
provﬁﬁig thehdss@bolefic BRONEOIBArR¥lls Wikh &D8vo éﬂlﬂtﬁfe%ﬁxﬁf‘ﬁon@?&%@ﬂ S

of the present invention for reducing an expression
prolifgraion rangd ot the sgme fimeCfozgedupingsan ¢WIQ§Slp*ar&n¢/@fu$@Wlty of
CD3 189\ Bhnd pobtaortT B Rlopbidhc BABAN IR Bl Ae
time,rsehstarsiably athibtingodiferentiation oﬁﬂiel]:temuﬂopmtm(stcm vells extilivolr e

ndi t.i ons for ¢ rati,Qn and,

and (GAFEPIRRE o GimiEive i By Pt JpmRiein B glot &
recipfganonucl ear cells in responding to retinoic acid,

retinoids and/or Vitamin D, as is described
hel}sei atsEbed herginabpvsy Farfoup apantscean be usadoip dheneontext ofifhe

;diffelréﬁtteﬁﬁ X o of e pr fttqgvegﬂ%rpfop%ﬁgélﬂggarl s%l?ress%h %I R ng %#« ic

nonohucl ear ce s Wwmth ex-vivo culture con
CD3g%el | prollferatlon and at the sane tine, for
uci.ng a _.ca aC| t hemato eti ¢ nononucl r
o R ifons o il e S bR ST R
methéd6 éfﬁcteﬂ(liycpraﬁtlﬂg ftl%Clﬁ?ﬁa@dpoth SndnBinichai Gel]sXmﬂﬁ.@xeﬂhW
and/or. the Vitamin D receptor, as is described

cultuyecopditiansforcellisol fapliqnaang, 2 dlr7sampgingeg fu retugng a capacity
of thﬁﬁﬂa't&p%fégg’ﬁfagmgﬂzar £Rlls in responding to retinoic acid, retinoids and/or

Vitamin D, as is described hercinabove.

In another particular embodiment, the method is effected by providing the
hematopoietic mononuclear cells with ex-vive culture conditions for cell proliferation
and, at the same time, for reducing a capacity of the hematopoietic mononuclear cells

in responding to signaling pathways involving the retinoic acid receptor, the retinoid

- X receptor and/or the Vitamin D receptor, as is described hereinabove.
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I n anot her particul ar enbodi nent of this aspe t he
present invention, the nethod is effected byC1t5 IpetbruaryZ()O?
providing the henat opoi etic nmononuclear cells with
o0 culture conditions for cell pro

WOZW&QY&% the same tinme, for reducing a ca%)g{gﬁe%mg#sjth
hemat opoi eti ¢ nononucl ear cells in responding to
signaling pathways invol®ing 5 Pl 3-kinase, as is
delcmothedpararudr eatbodiment of thisiabpectastahd presqpaiirivestinathe

enbodjhent, of t ect of the ent nventi on,
me“}"ﬂgs i Bf%?’ff@cf?%gwmwml% Ia?rﬁ@wi 78 AlItR SEvEP C
cultui® enaitivh€ ok cEEproBfeitibA afK alih¥ SameCtithd, lfér%e@t&ﬂ%‘atdaﬁib‘?tyf or
cell proljferation and with nicotinam de,

of tha nemBAtPREAGHC dRongRislegrcells in rﬁme@ms@rﬁméhrwrpaﬁwws: wyoligi de
PI3RRALOS SRLLNBAIYRIABoR, N COLI ham de or a 10

ni cot i nam de anal og metabolite, as is described
h elnestiH apether. pattreulan embatimerd of ltlnmsgect efitiediresemtineentiohi s

the fRFREE) et 5 B RARE e RES Rl P Biel B St i eraap

- cultueeédngitiond for eatk-proMoratiGliadduvieh sievtisthrhideSniédliha®Rrle lanalog,

proliferation ,and with a Pl 3-kinase inhibhitor, as is

a ma%tgle'fﬂildﬁeaf HemisioHaagyde analog | derigpdiener % disebRamyfic afea
nlcotﬂ{aﬁﬁﬂ%alb?)&ﬁﬁbblﬁ@ as fs%sﬁ&&@elﬁbowmt opoi etic cells

transpl antfation or | nplantation described above is
efincaother patiqylas ginbiodigentiod thik emctd{fdheepnespnmﬁanwol tar

meth%c?l% é’@te‘ﬂrbyeﬁoylld%g tﬁé"k]%rHa{t(ripo? 1cdmt§n|08uc§ %ﬁlls Wlﬂl'l ex—wvo

erat 1’0 € cop
cultuoh ebmiltmné shr oell phedifahidns indledhra kPéECB hlﬁﬁsel mﬁibﬁme aslig
p a‘ﬁé ae nmet hods of this aspect of the present
esCrt é’ﬁ'iefné PV®t he donor and the 20 recipient can be a

Si1A Gh&hérrh@?éét Sk pRiserfl lidveREdaN the | nihodl Q%Jn&vop&%c cells

exa | ogenei c or xenogenelc i ndi vi dual s. \Wen

transallanté@(éh OF cimplaatéipn adesertbied nabioxe s aeffeicied dby rseniding ther
hcmag&p%wﬁb %nbﬁ@le@{a{eﬂi Wltﬁ L lw%? ﬁﬁﬂﬁjé ?Jndgfgﬁ% %)Ir \é& b%r'&ﬂise{“atlon

I'sease, as we e ar
and vuttdmetoakmre of Brecloppee glinqia!&'(sa oechelate(s) dedeyibgareadinabedd. | n

AR byl FELEPGE B e Gl
rempleﬁm.'!ﬁ ®k 2 @ﬁ@@ﬁdl@@ual 6Adiffareht uidd?ﬁﬁ% %r'%%mp% %ﬂbé&kﬂc oRkes
(2002) 11:°265), Our H. et al. (Bl ood (2002)

xenogenpig) indixiduals,n MWhen) lloggmeist trapplantation in prastieado regqrmo@y
reducfp infity. cj86ioht hnBof o 08 NS 6 Well S it BEGRE ©
shouldrbe dludmakm ripoh mgfrﬁslaee cunentlyt prpc]lced lrdlmh ltherapy. Most

t th
s EORGR s S i DSHRTRL Ml 1 o S lec

xmm.:mot mos)mzam ahll g }Mﬁﬂ?&tm@t@ﬁ Cell Red deO@Z)Glﬂ)aﬁﬁl) | Qi H. Wi ch
an _expa ﬁ)o pul ati on of hemat opoi etic stem
1

ses
al. (Blghd Q0% 8aa@aﬁbanwane JAF f i SeewmbigmBpLene2) 39: 48),
which B8 S o dh%Fe ﬁé@eﬁ@e conprise, prior to expansion,
a nmj actl 0 emat opoi etic committed cells and
a The mmth0ﬂ$ dcsmhnd hefeirbboveatan bansili2A0F prodfide2Didplanfiis 1
hemaF %T e{l ?1’)4'e%9r%gosnls, such that according to yet another aspect of the .
present invention there is provided a transplantable hematopoietic cell preparation,
which comprises an expanded population of hematopoietic stem cells propagated ex-

vivo from hematopoietic mononuclear cells which comprise, prior to expansion, a

-major fraction of hematopoietic committed cells and a minor fraction of
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76 hematopoi etic stem and progenitor cells, i he
presence of an effective anount of an agent ffgSrIEebruary 2007
reduci ng the expression and/or activity of CD38, while

wo 28040id¥® sanme tinme, substantially inhibitipRguy 2003000681
differentiation of said hematopoietic stem cezl?s, and
a pharnmaceutically acceptable carrier. 5 As is
descri bed herei nabove, Vv@Arious agents were found to

hematephig® stdreandeprpgeniien @his, anthe presanct bf/art sffeofiveCidMint othinl e
t. the sane tinme,.substantially_ inhibj. )
sy By iR o e B FLBPc Ml e e itrer
substangslly Qitdidg differentie®e of ishidahdddposetit adterkndengi sRNG of
thi s aspect OL t he present invention, the agent
phargrageufically docepigble cagichn agent that reduces a capacity of
t hgs NerRieBel Hekdmabd®, TRAGRUGILAT we! Fotnd Mo ng.ng
to tetinoi c_acid, et noﬁ@g g\é?g%o‘ryg]\%ﬁ tozlrl}'? nntoDI,%a%i ﬁ’g at
expression gadior aftiraty oGBS whikl dtythe simbitime, dilfsfastidlyt inhibiton

- . ietic.stemcells. In ot her particul ar
dlffege]';%%tg) ﬁﬁgﬁg%%&gégﬂ?lgstwa%ep"é%ﬁs B?Aef ﬁ’gsepqu‘?fgﬂqs' i nvention,
t hHencage Iatpa;iiealﬁf ét’ﬁﬁdﬁrﬁhﬁ%ﬁthiiﬁasmt &gﬁebrdlsétﬂﬁnviéﬁtﬁﬁgﬁls a
' capaci of the hematopoietic nononuglear cells in
sgenf SERAR Horve d° 18684 ﬁ]aﬁ_&daceﬁ@cé@aw of g Hematorrietic
monbRERIM R1ls MNEpBARdiAPtoVbiAE &S S8R or SHRRA DN@nileMpi | €
at the sanme time, substantially inhibits
the same tiwg,sHbstaniplbhinbipits ﬁﬁergnt@ﬁp@@%/ thehenatoppistic atamichldy:

payt.i n@gﬁg ' f ' P f 1 r.ese

i ﬁl&edﬁw%ﬁa t eggggé]l@e'geosfyrﬁlk Eséjgaa%%‘\g/ee&ie%mggmglglgﬁt {ﬂ%‘ hat
agent dekgobsl abovepacnt agend thhh esdbzsat cqpaciet bf themhénutooletiar

cells in responding ta Pl 3-kinase sj Ling, while at
monfificled sl {1 FEFonas T (Bagia At EEFOR ARG recdpor andor
Vitasinf 8 regepioatt dﬁgﬁli@‘, white 9t @HR Gehkb Stimé,NsfstahtialgN R {bRE

.particular enmbodi ment of this aspect of the present

differenijation obte stepyfglingent descri bed above conprises an

ef j : I I t. oup

e eL néfhep BRElar tm R RECEE R EHEL S it ifn 660
the agens glesoribed elvoris an agent tial redudesie capaitp @f dier hanatapeetiand

a ni cotijnanm de ar |.cot.i nam de, ana 5 ,
mon e el B SRl B okibbE Sesflinte s 26 AR SAmE LS of
substaitiatly &bt Wifftentiuf 8R&RIM dedyent i on,  the agent

-descr.i bed above conprises an effective anount of a PI

3-1Rjstilh apothes pewsicylar embofient af this asepct of the prasent Asentigiipect

the aBént dBR bR c?}xﬂﬁfﬁ@st AP PG eﬁmﬂcit Bf QY Iageﬁ séfected \At;ﬁoln% h

ranspl ant abl e hemat oporetic ce pr eparat i on,
the grenppeansisténgaef wizgitnanigld, a 30copomitletnaeg, of nketimmideodred | c
. cells propagated ex-.vivo from hematopoi.etic
nicotfsillc Bt RERPRIE | 5 ushinich 0%, B BRoRBS e,
metabolit®j or fraction of hematopoietic commtted cells and
a_m n]?r fraction of hematopoietic stemand progenitor
c &P il angther martigylarsesmhodingnt ok thisagaset e pEspsAnveREmat e
the ag¥nt §3EHIRE Above ISmPRel AP telveaGRUMYTY P29 Xfnase inhibitor.

According to still another aspect of the present invention there is provided a

transplantable hematopoietic cell preparation, which comprises an expanded

population of hematopoietic stem cells propagated ex-vivo from hematopoietic

~ mononuclear cells which comprise, prior to expansion, a major fraction of

‘hematopoietic committed cells and a minor fraction of hematopoietic stem and

progenitor cells, in the presence of at least one copper chelate or chelator, as defined
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WO 2004/ 016731 PCT/1L2003/ 000681 77 herei naboy, b 2007
while at the sane tine, substantially inhi bitiolnsgpe ruary
differentiation of said henatopoietic stemcells, and

wo ModRi@h{aceutical ly acceptable carrier. c'r&io{;ﬁ%@s%i
di scussed herei nabove, the ex-vivo expansion o
hemat opoi etic stemcells of the present invention can
be utilized in adoptive #mmunotherapy. 5 Simlarly to

hereiﬂaboﬂeewhﬂea ptothetsame tiRNSydsamtally | inlibidng idifratRmmadi
ods of sent invention,  a nethod of

hcmﬁ'ﬂB‘ﬂ?t?c\Fee"f ?Félﬁ»aaﬁgi RE¥BRCEuHep!ly GeqeR@bs CUE8ht | nvent i on
i s Aefif RehaddibinsdedheRRbRIRI g efﬂ%f@te‘iﬁﬁisr%ﬁ'o? heRABpEtear

celI's which conprise a major fraction of
Stewﬂﬁﬁﬁbepréﬁepbmmﬁ!ﬁﬂ tandhg ugilizadgn adrptive immmmotherapet i on of
heﬁ‘f?ﬁlf&ﬁ 't(ﬂH CI?htd% ﬁiarﬁgxl%gtgtﬂd t&rl g) ta{15nonrrl]e%ods
reC|p|e enat Opoi et fe hBRoRUC ear
the presenidhvestio, Blmed)od\olf adnptmd thempy soodingitothe pfasent @redkehtion
is e er Iiferagon nd .he sane, ti nﬁ E“H ach of the
R oy @ elalipng migrobpistis Mead el ulich Somaprira s T
fractioncif Gemaagdietizfcotitfitteda@RNAR o MinoF £EHHGH BBhdnRRopBIAE S8/ ON
and/qr activity of CD38 described herei nabove, so as

and progenign Rellst frm ﬁdEﬁlP‘é!tta &) pegviding the dwmetopeipts menanuelggr
cellsGEiY écuvzmdltﬁre%nﬁlﬂgnsmllw %T?’ertahﬁwaﬁt Athd Sndeime, V\{lth

inhibiting differentiatio 1ehatop0|et|cs
eachced] the coppsr ckelaters @i |chdat¢5d¢senileidrtacbm«bpveamﬁ/c(rm)ach of the
' obt.al n Letic .stem
agentd B R8I B D Bioh Ao SR B G IR TR BB o,

as tcsﬁx@mcbthé béepulation @ eHedlematofoi B AN I@fllsf?bvhﬂe sit tﬁé&zﬁ@l fire, i N
ar. erve tqg exert cellular gene therapy.
SubS%B‘ﬂPé Yt*ﬁlﬁl&ﬁgﬂg@r%wﬂhﬁ a6 eryesaoleic siom Geds. s dndvtaedos
hereMBRRL] hdBf RdsFlhntlng 8k thus $Btaib hhardPofdhic Qlend LUISHE e
into a host to treat or prevent a genetic or acquired
recipiiiéease or condition or phenotype. The genetic
or offs'fﬂhepéetél@h% IS\% stét Eé??? d%cncgfﬁgi %si)i 1 ’tc%l cells

elrn

inpaarmlasengearve/\ﬂo@smmmkdugdnbmrapy vivo is desired. For
i i nterest can encode a

%ﬁgefaﬁyg%e&ea te}efneﬁ Al %aapﬁerp?ﬁ graely maerisl (§€-of

DNA &qtmz}aw ih@redintees hdsOlo ﬁestvdr%ifév% P%én&u%fh%&lﬁ}ed disbge 25
text "Gene Therapy" (Advanced ar macol ogy 40,

or condilige pi pheppiypss | Thegemyic Hmlabefsmtcwammhs a@roduet (gene

AR S b, 918
By

- desirgds nifor exammpdyy yhequehdtie naateeiat efinierst cah esati@a herinotd) treceﬁtﬁtj

whi |l e bel cul tur are treated, in-vitro., Generally
enzy e Al Ep A Pepids|© zgﬁﬁé‘ﬁ‘{“"g"éﬁ’é %gr FeteroR B EeRsRlotE he
text "TRhE Fhath" BAARRAGR PhadhS ot 20 I8daiMB1c Pl 1997).

veh| cl e/ method (transfection, transduction, honol ogous

B Basitatnpsrrchestte g}‘bneaihéraah ha\@(@foe@é: Ghesyiza emellsular

o T B0 T, W R

fromgmmentpaidlwhlleéemgmhhnﬁhske cehted inheine. Geadrally) @\ﬂihchﬁnal
ewesthetr nsf.ect e ﬂetlc material in Slc}i,].
replacément gene is introduced into the cc $ 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.
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15 February 2007 WD 2004/016731 PCT/|L2003/ 001%3%) 2007
Hence, further according to an aspect of the p Rtary
invention, there is provided a method of genetically

ing stemcells wth an exogene. h

WOZB‘@@%{?’%l ng to this aspect of the present |ﬁ%¢ﬂ]&g’ﬁ0@
effected by (a) obtaining hematopoietic nononucl ear
cells which conprise a mgjor fraction of hematopoietic

S5 HaRe) e e@bldnARd ad AP of ftheGrds@it Mbention, there is
henmat opoi etic stem and progenitor cells b

provisied  msthed of srncHehumogiyias stémr%%wdtawpg@é4 |)FB6 Hethad,
n cel o} frer

ol WAL SR Bl B o) (B bl

hematbyslieticonenooucleah etlist wlsich dmmrisb laeajrefrating b hematophidic

t f th /
comfiR o A RSOt b heifReltee AR A T TIE B
provitiid@ahéhdnigopp it bdhérbledt cell@ith br-MienallurofditiensIbedtll

[ at the sane tine, substantially

cells, e
pmh?q?ifmogﬁﬂﬁh' thejispme gt wathicaeh of thew@wrérﬁélﬁlaﬁ%ﬁ @t phelaigsem

descfisdd I%ren@a%oircsaﬂa%r%héhe&‘ e 'égén%aﬁ%‘e%umﬁ%‘ the(&pression andfor
genetical ly nodifying the hematopoietic stemcells

activiiy tgf €R28 dmgbwehermnalwvgr uf e§ te@xpandghie pepulation of the
J.C 0.t (o}
hem GRSk oL o BIC Sar, W S0 ol by nBiing
differdntiationvefcthe Ihemstop(f gic setarpllse as @s delaﬁleﬂlkreﬁdmaba(et @nd @ a
nucl ei c ect or ny viral vectors suitable for
geneﬂgaily |n?f’dtfai|"3 ﬂleéyemgtgp@eq Fils 2iith thef30BF S exanpl es are
Prvi feetmie thbsifb Weenetithlly ahddifying th@BAR i9feffedittP bPhC
aci d vectors can be used to genétically transformthe
vectqix whish sgmpuses sheogxogenes ori trppeasns, ovhichaxectos iy, fer example, a
§Or I
virl (EBGE oE i Sl R MRt vEcH SIPRCECBS ot
genegherepypzrre dooin, eAempleseate iperveded hetembelpinr &mllﬂ@e raeange of

rodyct” refers t rote es an naI

g &6 e et 5 bt engatbeer Ry i Bueied ks b e
invedtldf, asyBikiBérQleaeibel bBwecul e i s the desired gene product

to be supplled to a subject. npl es of suc ene

prdesgedingly, kg erpandsd selds pfsthe p@g@ﬁt eréfsntwgl Gae b r@ﬁ@%ﬁdsto and
cxpriss BRACHEARE  ROLGRYrPLOPUARE dile ARRE A8t hllEng,
peptidesyand durstipmil R lbyl_emm;s d}engalhya theegeha perhestendoded by the
nucleéwf:@S@ol%&lﬁ%?ggicedésﬂf% &L0e p{({ﬂy%gs nll&cggl u gd Itg] Samsubjcct

Exarﬁhéﬁf@f rsMEHS igBrd BrbdudtalliReNdep Sﬁdlﬁaﬁﬁ?tldeh bg@u@r&aﬁ@ and
eoxyri bonucl ease, triacl fgI ycerQ pase,

hpopﬁ%gb Resmafy SEoduged by anseraaeol ke decagnt aglaectg &i9e emlRict s
JrBd r I ikng
sone PRI ofich oS AE e DY g e BN BIABRA . i
in fn'actpencrtax itibRleg| mmlunonymylaseansfoma% lipasej t trypselogen
ranscarbanoy e d cyto hro p450 en and
chymoSXRULIEsE e XA ﬂ’&@%"‘w%“r t hB 8%*§su ng 681‘3’%"8%‘%%33‘3
triacigglouesli fipase phdk@h(ﬂn@ﬁkécﬂzo%laﬁtaﬁf anV\érﬂ)ﬂﬁ@l to¢ne products
I 1 poproteins; gene products produced by
normally produced by the Tiver include blood clotting factors such as blood clotting

Factor VIII and Factor IX, UDP glucuronyl transferae, ornithine transcarbanoylase,
and cytochrome p450 enzymes, and adenosine deaminase, for the processing of serum
adenosine or the endocytosis of low density lipoproteins; gene products produced by

the thymus include serum thymic factor, thymic humoral factor, thymopoietin, and
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the thynmus include serumthym c factor, thym ral
factor, thynopoietin, and 15 February 2007 V\Bsrﬁéﬁ%a%zom

2004/ 016731 PCT/1L2003/000681 79 thynosin al; gene

wozﬁlfm%ﬁts produced by the digestive tract P??g?g*ﬁ“ﬁb%l”de

gastrin, secretin, chol ecystokinin, soma

serotinin, and substance P. Alternatively, the encoded

gene product is one, whiéh induces the expression of
thypesgn gas geredprgdunts produbed by e dlgestive| thac( €ely. inclideegastrin,

iﬁtrgquced %eneti c material encodes a 5 transcription
sectEli, CBPICCYRIQIOHL FoReRiRsLn  shitininand srbstnroR of t he gene

pr adidftatitdv BR: i e j In still .

anot her e%odi éngﬁ?d gtgﬂeeprt?gl%%b?nﬁgﬁ 1@1821%13&8 21?13 PP a

of theedegires 5580 rodugs by theicel] (eeg.,ghe introducehganekic iatetidl endobda i N
' bt ...For.i.nstance, varjous, hunman
a8 bl SARIRERGHe bR R FREhaLF et
to thewphjeatl: engraftnent 10 in a human reci pi ent.
Al Eert tié]gl%/, t.he transgene is one, which inhibits
t h&" SUEASP R silypdment, dhe regpmbtnat grA 6hn WPIde @ helerlogalisc .
protéinneig| @biCnatict do Ml @1 Yh Shkdhtjf ?sdé@?ég édntlﬁﬁr%s?aﬁxlc% variods" @
formsuitable for expression I The cel I"of “the gene
humap ¥Hi(e corappngifs erndie provided e hasi-unaeni cells tcoppott enggagtmentt he

in anH&hs ' ' es _coding and regul atqry
" asequgingeec_:sﬁﬁ&r}rg'q gﬁ?tglg‘ytivgw’ rllgé ?r %gslggr&er ilsptolq%nw jph dglﬂié'ﬁet or
cxprpssionop actioh of & dérjor M ganbprodtidle gene product is a

pretein.or ..peptide, translation of the gene acid
mﬁe@h‘:peéc 2ci lrﬂaggcuger BWB?@F ’mtgrﬁ]gﬂ[:és( & gpfgrm suitable for
expressioy ol the e R of 9B gBhedRadust crSdeDly! thSuchGIMED Cﬁ&:ordh}gly,

the Decessary for transport of an éncoded protein o
© HHCIHG add moJeculs ilyies eedingr ardnesiuletogn sdquereer exquiesd foor

transbARHORARP & 6 ides to the surface of
o Bl |_tg8‘ﬁPﬁf (oBBEHiGH Bereoffgnd Sheh gt%ig&}é" %‘85‘&% R AL %
peptide gipnglatione vb rtess génsracaf nmlegela cnglnded pinofeds, Gnhancerk QAL er

P RO ARRERD, SRS ol iR T dueircori spesded

protegxpreptidy] farnstahple NieahihadidneVRhudAbesSSPISRHPLY fbtelnbl®
known t'o confer

ene rodyct. For exanple, a pronoter
mpeﬁ%&“"t@ﬁé“ %Eftg?ﬁe”é’ké‘?céfé@n-on of a gene linked to the
C PNQiERoBae GafieRBs Ushdl: 0 : cific for obl ast
gene 25 eexf)}irﬁgssison can ig{elélﬁﬁteg%mfgﬁg é‘é’ﬁep%?m%?'%’r est
prompigr anshgnbanqer srghences) arei selected ped spimthe dfpe of Belt ingwieh

. | e- i f] l.at I t whi ch
the oRiedptiRlt 100 FRRRT ond s lve TosL bt irien bite Epom
produch eFatyestmpiphd pro@erekdodnasuénigt ceﬂ-ltype sﬁé&ﬁ@%xp bion ﬁ%l !

i 0l9: 2396), the creatine kinase gene (Buskin a
gene f citkEe P(‘zf%@ cayhe usede| A Bp@pter SECifR62R Myablast tdease

exprebdicRRIba 1HREEH & Prec. Natl .
preb iR bR 18RAA0 Gshe Sftelda Obntel Aot spbIRE prpNalion of
that gepeprodics. Maisclosprsificaegulatary plemenis ewkilowe knbwh hetha faft,

include®y i n.enhancer f | iver-specific

includgBam botfond SR 0o BB Bty il G389 Mol ca
Biol.9: 2396), the creatine kinase gene (Buskin and Hauschka, (1989) Mol. Cell Biol.
9: 2627) and the troponin gene (Mar and Ordahl, (1988) Proc. Natl. Acad. Sci. USA.
85: 6404). Regulatory elements specific for other cell types are known in the art (e.g.,

the albumin enhancer for liver-specific expression; insulin regulatory elements for
pancreatic islet cell-specific expression; various neural cell-specific regulatory

elements, including neural dystrophin, neural enolase and A4 amyloid promoters).
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pancreatic islet cell-specific expression; vars C%éﬁruaryzo{)’i

neural cell-specific regulatory elenents, |ncIu
neur al dystrophln neural enol ase and A4 anyloid
wo 2aRi@iers) . 15 February 2007 WO 2004/01
PCT/ 112003/ 000681 80 Alternatively, a r%ﬁ@"?”’“““m
el ement, which can direct constitutive expression of
a gene in a variety of dffferent cell types, such as a

vi Algatively] aneapigtor] element, whichrsapdirecteoagtitult eEion
Iy t at i on
s s TR AU ol B B .
usedZExanyﬁlﬂrm’g'a‘abpmmmrsaammnﬁnm wad Y4 drirs geBe 4fresananl include

rtr0|ral TRs. .Alternativ ulat nt
thosd v [P EAROIEE: Vit ATk py heTeghlEgi e e IR
40, ahB edt@bal LIRS, be used. The use of an inducible

regul atory elenent (e.g., an inducihle pronoter)

al Mlsegatively arisgulieny demert. whieh prosiderindesible exarreiog oh
geneﬁfnggd‘f% eioncantﬂé%s&ﬁ e u@mllﬁﬁcﬁie RENAGN fdntet (3ETaH!

Uci bl e regul atory systems for use in 10 eukaryotic

~ indueible| prorneter) aHewshior modelatiaged the prhduttionsithe gane grodugde

te 8 Ppen I DA Gy g o sl for 68y

cuka@oﬁﬁemssmc(lﬁ&ﬂonﬁo@-rﬂglﬁﬂwéiementeD(el‘é set Mader, $98d) White,

. (RS s Ntk Aoy s i s Sad3e o). Watheticyhammimmited

.eleméillts (&3- Q,%,) Sp@lrlégg hem. §1t e.fly 1 93?7) Sczéb@@@é’? ]lﬁ@l 302453%[?&165:1[1213 3)et

i‘adlallsn ﬂ&&ﬂatqd cﬁmentsl @gu €8 Mﬁﬂplﬁlﬁ,c‘f oEt fln ﬂtﬂ?ﬁbﬁé’ck@@ﬁWafi?or y
1060§Y®k%att‘ﬁhk‘:%}hﬂa¢49@ﬁ sy alor %Q% SSATsH &9 1884 rrg@l%g) in

accordance w nvention €rée are a nu
Additieni msawepecKImmmdumbﬂdnegaﬂatbryf gystems t wiocluman e derbped
into that can be applied to nodify a

ca“"rc{sgﬂqc%? ﬂ%cofqﬁ’{?%enwlfho‘iqelnl"?f‘n&ﬂe enbodi nent, the nucleic

actighré grel iR oo id¥hMbued KNSR Gn MeCAre ik lﬁﬁédﬁcmg @enetic
mol ecule. In this situation, the nucleic acid nol ecul e

materipkinigcusel that sande aprlisd fo medifyen celtofiibeiignté®nsi st s onl y
Of 1t A8 MGhiRIet ﬂ%'olﬁmﬁﬁcé%?d l}%ttﬁhifog{ﬁncﬁ aol'izﬂ’cgu:l‘ ‘ﬂﬁcléﬁ deiihe

necessary regd u el enent's ternative
molecule] B thlsaﬂtuain(mn d:lmdu'm@ld hmad gmimulprmﬂimhlbec( inte la wdil ng behe
essary regu nts ont ai ne
modf SRy s bt e hiigte SR nvhang S 3 Bl oind e
neoeg,gg?t@g@atb eledfdgts COVB (Seed B. (1987) Nature 329: 840)
MI2PC (Kaufman, et al. (1987) EMBQJ.

18Fxlter%1)vely4 Fbeaﬁ‘@@% ramé n%%#% ¢ gefgepipdeqt e@r&luéagdthe
i CROhRGH
nocelBb e ohBfinl] of QAR LR oTpHERY vedir. PRORRIRRE, |
plasraidi ckpersgiad veutprs hzeluge ﬁ)Mip (Md,cB (1987)nl§@wtee329r B4® ande
' eno ( i al vi enone). The reqgul atory

pMTéB&Zk%'%@ﬂ?’gF A @é%ﬁl%%é(?‘ﬁé @?S}»f’égsi on of the gene

Pr Rdin6therCaniboBinehf) Hel@eRicWeidimélbile e Wethteoduced into a cell
is contained within a viral vector. In this situation, the nucleic acid encoding the gene
product is inserted into the viral genome (or partial viral genome). The regulatory
elements directing the expression of the gene product can be included with the nucleic
acid inserted into the viral genome (i.c., linked to the gene inserted into the viral

genome) or can be provided by the viral genome itself,
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acid inserted into the viral genome (i.e., %%bm
the gene inserted into the viral genone) or can 2007

provi ded by the viral genone itself. 15 February 2007
wo 28oreH4/ 016731 PCT/1L2003/ 000681 81 '‘Nakggr, /FL%&%&M

acids can be introduced into cells using calcium

phosphate nedi ated transfection, DEAE-dextran

nmedi at ed transfection, electroporation,

| INﬁi&dn‘mcl&Edac&IseﬁntBeaiﬁ&f)@FzEd @it cells extrg cmnemtpmﬁphaand

ept or - nedi upt ake. Naked nucleic ac

mediaiel Tansfeqdian ?#ﬁgﬁr&e@sm rnesized | Gangipoiag nPiﬁ&“ﬁ’m%"“
hpodﬁhﬁ%daiaft@th%nﬁéﬁ%ﬁ“d?l‘e&gnj%&ﬁm%lr@de oRfmbdladd dptgigl, Ci um

phosphat e. For exanB , HEP uf fered saline

s olNekerd griclgigracise g Hcham bey :@mdmcd drtocasHs &Y rformjng a

[ u or

preofiia® il B AR ARG LEHER, Srobfhal 10k Bxample, =
HEP¥ES tbbffered Isshne/\sogjtlym ean|be onixeld mith twkolﬂmhfwnﬁM§ badcilom

) can, be to increase . .the anpunt of nu
chlogte TharEie s By Oreh AP G 41 (BBt b aEated
with el 3f ggdetddr aaﬁwt;e sﬂlﬁ)xht&%ﬂoékosttﬁi@mb]é aldyd thiansse e y)

transfect cells and is onl i/ @g,[?llcable toinvitro

S0

amoyph gf pycieit cshiakan updy csrtaipeelisoCall 4-mediated menstastion eandg

tyan can. \b Curr cols in
wsed GEIRT 30 BBl DSl b ot hic®) Bicdile,
mod#fiedtionséti ae)s. B%Sﬁ@cﬂs' reGaPq4L98A ted Seffdction Qarl balfdmldl’ln

Mol ecul ar Cl oning: A Laboratory Manual, 2nd Edition,
Curregh Rigiesolé e MokionlaUBiolpeBohvsHbe - EMpgial. (els ) Ciecse §ublishisg,

or r

Asso%é%?%%%% eo%lﬁtg)glu@sa aﬁ%ﬁol%%atgﬂ%% A L%B%%ﬁ%@ﬂm Ad
Editiomt $amdmox¢det| ait GokdeSpringbifarbor irabugatarynﬁ'rﬂsu(l%@f, Sehtions

I C E-dextran and i ncubating the
16. 3%@?@?" Ot%rt“ﬁ“ ngla@gf’}f’@’ mwua@ met hyl sul f oxi de or
C N0 QLEIEIE 260 REK bS IR JERD ik6 c%ohﬁmg RCHRARE of e
amount of _ nucl ei ¢ aci d upt ake -dextran

nuclgi¢ Apids and DEAE-dexian wnap!pwbem ghe mixtyreywith ghpells. A

| DNA
eS8 B ST B B
nucleis eaidi npfalsst dIEEA(E-ﬂc)amstmBédtlcmehd snly Tippdicabildits zrretzh'od

can, be .used for ,short-ter r ction pf. n .
moc fiRioR e SRt Son bF VS 12 o5 DA SranSonly info A B i,
not pRefEldClol Breathly stibBemBisfRtted bélls: TIRIsOhRGRtBod &n be used for

DEAE- dext ran- nedi ated transfection can be found in

shortgrm prRiuchpn P 8ens Aredusbbus d%ﬂ%fra rmtb%fgfwhom Sorjeng-tepm
prodtﬁ!t:oﬁ‘ bf a Q&‘é%r()du% Prqt&:g ﬁ? Jctﬁtg & t?:l @féct §oh28R) -

Section®9.2 and i n I\/b omn aborat or y
be fovd iiml GurntdPistticols an Maammromology, AbsubﬂoIFcMSpEr alngeds.)

Lab 1 41-16. 46
GreohE PReninE R RGARS) (1 RE bt S o MoliBe tonieg &
Labommgal Mmalalzﬁ@ Hd&loh NBaristugie gt AINTBIACSHring ItbbéLabaRkdrRg
nucleic acid together in an

PfﬁSSaﬂ§§29p$¢ca?1@ lé&flfléﬁﬁé‘ﬁathéqﬁéqnéérﬂﬁwgr gemaals to a 30
hlmea aldiag gmslc%srsb e mogﬁced% &fid by iR GHinpithcBi ch

nucl el ¢ aci I's I ntroduce
and the nucleic acid together in an appropriate buffer and subjecting the cells to a

high-voltage electric pulse. The efficiency with which nucleic acid is 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
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cells by electroporation is influenced by the %ﬁ%%nﬁﬁ§5007

of the applied field, the length of the el ectr
pul se, the tenperature, the conformation and
tration of the DNA and the ionic L] of

‘wozﬁﬁﬁﬁﬁgdla El ectroporati on can be used tgggﬁgﬁk§h%%r

15 February 2007 WO 2004/016731 PCT/1L2003/ 000681 82

transiently) transfect a2w de variety of cell types
transidhdly) Sar@fekya @ VARBI 6F defl tipks \hd ﬁsaonmsﬁbifchmattd eNMvigh

cells. Protocols for eIectroForatln s can be

modfft%ﬁﬂ? pihcesr Frotacols Hpp eleetenparaiing kllsetan ber foppd it Gyprrent
Protcﬁ‘dﬁ,ubleMo'fchar %loﬁgy, A ﬁel)F%e n&. K&Bg' Gl:yeﬁg Puhhshmg

Associ at es, Sect| on Mol ecul ar
AssoClateai (rha89)£e@a@o? aawd np ancuuédr Cl@mg B IEdbotateen Madaakiind ok

. d P
el S S ol sodle PR erb RS arty R gk avaiys
16Smaﬁﬂabsmhﬁmmmhﬂﬂkmahhqdnamamhlch naked nuclelc aci d

‘g’b‘ge ' nﬁ@%qd by agl i e Eﬁchéw? Icﬁbg‘FZE‘if?db‘H‘)d iniengells

1nchﬁbbcl|qﬁ»ls&néiﬁ1ka§ﬁaie§ tlﬁhs)f&%ry\(liphfcctﬂmb iIThe %ﬁél@ic 23 RERASED Gnth
containing cationic liprd The DNA/|i posonme conpl ex

a lippsgme |suspension qoa {giurecatiovie hPléPe The DN/ lipsernecamerigxas dign

incu die%”%ItE Cctellé’ p%n@emblﬁz?gd ErQns?Jcﬂ?é Yar % u %:& 15 %la%@t Lo\f
ranstect culture 1n vi ocol's be

transianﬂybdtmmfe@,l ceflamln cufnet acwire Protobdls ean Ibarfoﬁincb[m Gyrrent

proeiBoth Molseblay FhioGey, ASBoh G S @8 HERew Budishoe

AssocRaRke rquy)ysmah%nd b@leh dtirairal 1hBbratorg aRMuAIS| Adeiaally)
vi vo has been acconplished using |iposones. See for

genecdelingry ein 1%vaNao begn @ocorgplished) oging lippsomes.ghee, for example

Nieof SRUREME T JRE1S TG Mk 160 IR (IRF) P, AP

Acad\Sd. USdi84:739 87853 Brigham eGdu(188Boferd Med.elci. 2198:27% 389)

Goul Bl U008 Stk FELB5B et Ty i nj ot ng the

nueiked @uéleic Geidtam ak Be ﬁﬁ!ﬂoﬂlﬁzed F6 caR 2yrumebﬁ;r RjeGtid H©E e
of cells, DNA can be introduced by m croil njection.

nuclety aridingn, e cells Fori an invigriogfigre of %@184 IARjAveam be ftrpduce by

nucraﬁﬁémc Bine eé{éhr c}’ell' 1§'%Eroi ikﬁ:f%ﬂ %ﬁd{ﬁd ”tHE’ MRS L&y 9e
mbers of cel Howeve a Sslitua reln

labomnlenawwmtmwfyug largerpurhigeds affcelih Homversa sitwatidnewherein

uct:on o eni.c . a i mal (di scussed
micrIHBEE, s bt @ SRR o i B Brodiorohe oS Rl
(discadsedinyzrdafdr dexdil Badw) 4 ®is saudtion tthd D@ eably iftrodudiiGhio i S
then allowed to devel op into an animal. The_ resu|tant

a ferplized fopyr, whirh 25 then allaved te deyJamigta preamigal. i The el d
anlmhlr\@oﬂtafdgecef?@g&fﬁ@nlg it m intBHRE i rﬁ@ theh&r% t@l ﬁﬁecj? %ﬂ&tlHﬁed

to i ntroduc Into cells In v (see’e.qg.
has aisodwen used ttahntrod@qbgette)d mHAunte cBlBin S 1B- (89383 g.\Wheshdi ettl. al .

(199 E)%?Pr)e 335! 78453 %ﬁolffle‘t‘ 6?;(99%8%%@?%8%&‘&%[ 468)° RIS

appatatué @e.g.an “Me Lgaﬁ’l) forSﬁj@hmga]NﬁﬁmabélIsUﬁ vive caDbaTesedi Such y

avaj | abl e i oRad
an apparatus 1s commercu%ly avanla%le (e.g., from)BwRad)

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. Biol. Chem. 263: 14621,
Wilson et al. (1992) J. Biol. Chem. 267: 963-967; and U.S. Patent No. 5,166,320).
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30 Naked nucleic acid can be conplexed to a c t|
such as polylysine, which is coupled to a | |81a I%%Paryzom
a cell-surface receptor to be taken up by
wo 268fa40r - medi ated endocytosis (see for G
R o h (1988) J. Biol. Chem 263: %@%"ﬁ’“wﬁﬁson
et al. (1992) J. Biol. Chem 267: 963-967; and U. S
Patent No. 5, 166,320). 3% February 2007 WO

Bind2@0dl 1bd GdQdic Iaéimligbﬂoaﬁi;ﬂ)ﬁ%&ﬂ;e Bedeptli fachilitages Qptakdrof the
ex to th

cleic aci d co
DNA By réppigf @ggatﬁ% g&f@cm% cepmt%vﬁF éﬁféﬁgwcﬁog‘?@a
has ﬁfgéﬁ:@)/ihaﬁdesthe FRREFREHR receb@r W 812 Rialdiycbire@fde&pite! £X
has targeted include the transferrin receptor and the

DNAulgando ghpelspr Bilen ta edevons  gRpsifiNAVRiPhy arfuralbrpsliswpt
endokéxg&e%érébya Qy %é%engﬁﬂﬁé e \;}gﬂt @anfﬂ acw fb@' ‘Lsx(;] 4 Shigt o

osones ere y releasi ng rial
dcgr@qatlgtp bfimcompleb by igmctliutar wsos'omes (ﬂgg lf@'d'aamp]n Quhettdt el.

199 B et hchd S50 3 B CRRER T nERS) ke FIER,

Sci. 8’&5@0 MSIIIZG)U Reeépt@tmediat @OBNARpRke chinbd use&@(ﬁﬁhtrodlﬁél
USA 9 2122-2126) . Recept or - nedj ated qupt ake can

DN Ao celly eftber o gt devivepad peklitonaly. has gherarded furgithato

DNAPEad Bt Y18V AP targddCiolal Q@AY ceﬁ‘%gz tﬂ}eus@%@%ql hiRfivHicR
to DNA can be selectively targ §

blnd%faratrﬁ@utoaﬁel%c@wly ﬁ&pp@sqdyon@wg@fccuwf ungmt;i vvhl ch binds

L?Gx?}le a?l& ]{1 ernée%l ]ﬁl’%\ IISVIS r%/\r}nu%xcp Inft csegg Boﬂr&lture (9 9t dl%solgld
the tiandfectior kdcBnitues dedctllbtrdabcﬁxe) only ahmm fectivh of bdm (about 1 out

transfection techni ques descri bed above) only a small

of 1d50 @q:ﬁdatl;i inégrae tleSrapstbted DNAOito théif gdddmes (iyeRithedDNW is
i nte he transfected DNA into thejir genome

mamtqmeg% t h"’éh erpemallyy cThs, in oxder tyideniify peliscwhich have taken
up e:ﬁ‘x%bﬁdﬁgﬁl\w it is ANARtagdols ﬁrtﬁﬂﬁfeﬁt%ublgﬁ "A&'dfe}{co(fi g a%ele%l@ h

have taken up exogenous DNA, it Is advantdgeous
markey i theceelllanigevih élmnmclencmd(s)g)fams@steé’tdhreé sehataﬂxler

markl:ﬁtlﬁclﬁ& thg%r L)vpﬁh B eli\flc% htartlcg P& rl?glfél}l SG? %32 h,%’gm{“ﬁ% se,

rest eferre
and mdsthml'exmenselectﬁlﬂs maitkan eeythe iatfadgsedsancthe sneGldsthid as the

Ci n d nmet hot r exat e. IeQ abl e markers nay
gc“eGig{IHtF Wtioﬂ%ceéﬁ%s‘fﬂa‘é‘%‘frﬁ ¥ME the 20 gene(s)

ofaA 'p%f&i‘&lsﬁ ppRiackTBY iRfoduEhE AHUEE AcRMenRodRP A g8eproduct
plasm d. Apreferred approach for introducing nucl eic

into eqllis by eripirgviesl yestas contaiting nuclpintoidae.g o4 EDNS, @yconinsg of
Vi v I e|

we Bl VAL SRR B ol R,

proporticadf oelcteosivaths nicheic za:d'il\alilbhim dbhﬁte the hezd @ér selection of

ropartion of, cells receive the pucl |c aci d ich can
cells gyih-tave fieverb g nedeic ag e&thﬁwn%lp lecules @%ﬁﬁmw%ve
the virflGREWEE g, E%Dﬂ%cdoﬁﬁaﬁle@ﬁl' the vifsl Qé&éro:ﬂ'@ Eiﬁfessé@fﬁ&éﬂtl?sm
encoded wi'thin the viral vect or,

cells geahchae dakem up isalWeetar nucleie arid and elr:élmctelssset;ms can be

used@ﬁﬂeﬁiﬁ%@’z LR Cell's which have taken up viral vector
el c acid and viral vector systens can be used

eiddientive retroviruses ae wieh chidracerized for use in gene transfer for gene
therapy purposes (for review see Miller, A.D. (1990) Blood 76: 271). A recombinant
retrovirus can be constructed having a nucleic acid encoding a gene product of
- interest inserted into the retroviral genome. Additionally, portions of the retroviral

genome can be removed to render the retrovirus replication defective. The replication
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Def ective retroviruses are well characterized bHﬁSrZOO’F
in gene transfer for gene 30 therapy purposes ?j
review see MIller, A D (1990) Blood 76: 271). A

wo 26056 i nant retrow rus can be constructggrﬁl%dsmg}ﬁ@l

nucl ei'c acid encodi ng a gene product of Interest

inserted into the retroviral genone. Additionally,

portions of the retroviré4 genone can be renoved to
defegtivg airovirpis then packiagedsintoeidns.avticncad df aigad; to énfecTia darget

el 5E80eh S PR Ve el ORERL Hrprodusive

recombibkra getcbvimges aud foranfctingttelihinodro beinugdwitio suchfvirages a

arget. gcell through e_of a hel rus
can BB in € iz RRATEE n Dle-bBE P10 AR Btk Eihes! ol (4s)
Gredn€ CRIBREHRN t A Sdidtey | ({19@98 FRkbnk 09.10-018 Ciddnaeree! kahdird
vitro or in vivo w such viruses can be found in

laboratary Bwnuaty: Examples of spiRbip et Evseinghugdg pLI,MABHRWE ard v
t P
PEME e ale R Yo7 6 el HACSIY B 48 BGHEIE or bl

packaging airs. lifex amhide&p@‘ﬁp, spripalpi2 eand e Aro: vRetuﬁ&ﬁses ﬂlﬁ‘l/ﬂjbhen

pLJ Zl h ar wel | t hose
useddg f"lhp&fc Ry ar{i)q“éo epes l%gé??ﬁmggg W%i igelu %R@%’F
cellsVendsthellal BAR, lyﬂﬁ)'hyé;@esvﬁ&blﬂasts\/\&ﬂaﬁ)cytw RAE WAGW cells, in

Ret r ovi TUSGS have "been to | ntroduce a varl etgy of

vitrogpefies inl vive (seefyr egpmple rEehtls, @bait (k99 pieScienion 2B Yidli3Aer139
Dan&gﬁc{)]]olﬁllftgﬁjl (1%9 8CH ok &P%?%ﬁ @‘ISA %%’ b450- 4#5%8@#&@

t oc ohe rmar row cel
(19881}11&/0@ rNatInAmd\/Scz(LﬁdemM-e&mmheetEgioldt als, {1%90) Btoc. 4D 85)

Acaip5e URRET 14 80H3: B o o RBD Wi a0 o LD 2

803963043 Keti%R Q). (990§ Problaiidtl. MEREci. BSA &%7&@3@9%&@&%
ntano et al. 1990) Proc. Natl Acad. Sci SA

et ala@99la§mm@ﬁés 180213895; arant Beuseqhemaet pl. (4992) PrgucNatl. Agach
S QR o: 0704 ey S REIOTY Bl g Therfly 36410940 DIT R
(1992)1292.) N3k lAewi: eSc:ZHAS‘A 858918%5, Han eBeligE9Bp i Imnumbl
150:43043 5 555 Parerh iy 4818 s B SR04 D00 A0 B ey ©
WO 89/9912)5 IRI:D Qpi;éahbn W@OM& lPCﬁ%l&%m%ﬂ@a% andwu

. 150: 4104- 4115; US Patent
PCT thgfatvge 8W§_)1 /O?[ing)pé{egﬂeraMectqgs gg[ylrggggetpqgﬂ division in

o APAE AR B, SAPTA 50 BB o

mtegnmdl intodhe ost PuDoH2 O FBAB Introfee movieic atidieto ttor tse!lr Elopsi it e
arget cell. di.visipn.in rder far the retroviral

may hEhSEsary So siulaie eafiototfe Bt ¢l certeq i nto it) to

beThel gth@d¢ af @l alénbeinishan e ShangRMAEsUCR tisk aéndodes and

i ntroduce nucleic acid into the cell. Thus, it _ nmay be

eXPIEssRs o gefley Progucs tof iteRstebyt i |iRactivatesh ing ferm oF it ahdlity dm |
rephga'i;e ihhg nGeRe 'Tﬁlcoxfnra"lmlf@gfc‘f@‘geé Yor &3 ngB&EWr R |a9t($§§8§ uch

hat it encodes and expresses a gene pro uct
BwTecrkmqu@s& 6 0 Rosenfeldetal. |(l/%9tl)3&cwme 26243 -4¥4; altdsR@i#@nﬂeIdtey to

e p 4 viral,life.c See for
al, (13)3(@ n%ﬁ?@é%l{}ﬂlr?gr §1(131 a glade%} gﬁectors dCI'lVCde from (Ehe adenovirus
strain Ad type 5 d1324 or other strains of adenovirus (e.g., Ad2, Ad3, Ad7 etc.) are

well known to those skilled in the art. Recombinant adenoviruses are advantageous in

that they do not require dividing cells to be effective gene delivery vehicles and can

- be used to infect a wide variety of cell types, including airway epithelium (Rosenfeld
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skj et al
- “m“iﬂuﬂ’éﬂ{ 45r g A AYl‘@s@; suph sy ha cescebed ¥DEGIs00T 3) al

Bi oTechni ques 6:616; Rosenfeld et al. (1991)
252:431-434; and Rosenfeld et al. (1992) Cel ﬁ%‘}%‘ﬂﬁﬁryzom
68: 143- 155. Sui tabl e adenoviral vectors derived from

wo 2bdiRig@sienovirus 30 strain Ad type 5 d1324p85m0hiRhssi
strains of adenovirus (e.g., Ad2, AdS3, gz etc.) are
wel | known to those skill ed in the art. Reconbinant

\SI ru es are advanta E%‘teous in that they do not
et 30 S St grdshal el ecreshend FLd. GORD) bt vy
AcdP oS BnbagBBsAIHEY L IR £l Gaal @% HPBLE Nl

cell types, includi'ng alrway epit
Aca#eéﬁ'du 9@0@)8712 -2885)200 4G al6 7alls (mﬂtmtamsqlemeaac 8\'&::1 et
e s SN Gt i 8 L

fore@gregNeA@ﬁgamcn eimm:mpymes]n(eglafea iat0 dheCanamd of 1IR3 ceﬁ’rb‘ap

rem'\@j aqatg i)S %JSA 90: 812 2816) and nuscl e cell
{0 SPISRLCershy ayoidep potpitiy Promsw that garpeccussa 2 quSAoﬁg
insePPoBal doBgehesi ARKithatRNA Whire lﬁtﬂ)ﬁﬁ&q sz b@&%ﬁ’ Yﬁtég%te%

(hgnd 5 foreign DNA contai ned therein)
the ite%ﬁna‘iﬂ%de Entfétf(t"llfél §&lfomblasdover, hhfsparc;ahg capmty oénte NS

O Ll at can
Rk me 5SROl T BB £ Bl PR E o e
delivary vectars (Berkaeeetal.icited g $1dj- @malhmarmshannuem)at Bl

retroviral
57: 30 3o PR HERGRRB T krd g meniiain i ahsleed for
all oy panesaf theovird] B ah@ B3 Pbs bt fe@nIR nlddR ab 80F JfilcCRBRSEM
relative to other gene 10 delivery vectors (Berkner et
genefic maferighy sypr a; HaJ Ahmand and G aham (1986) J. Virol
57 Ad&f. t t: denoyj r al
vect or sa)sf:og lr\étrai:gln‘tq{:us R##Q@SIE g}ragsggl (gectcu G%Pe%g\ﬁ vigys that ¢ s

requiges qripthey virus, such agnd afsBogenes abhotpes eira, Bs a%elprrobingsor80%
tic,mterial. Adeno-associ ated

e (BB ATARY & ooy FHCCHE  Frviearatimiangt e

Currl; ITapzcs ﬂzSMfcaﬂ nedamanst J’I@DZ)VIISS W7 129Y QisBtsofdhe JERROU " US
es virys, as a helper virus for efficient

Vlmﬁﬂw?ﬁt S} Bieeiit 1 IS dirtor napedividing cells| and exbéhitsaa highi ew
frequeRsy Mﬂgtéllﬁ@ gg?énoﬁ ésee tﬁUE{ -Eolﬁi)t‘fesetl ﬂa‘:\@gﬁoﬂm %?&ef;ﬁr

| nmunol . one o
Cell s /. Ripk Jsé§913§@t8am}slq m ekgr(wss) Ut irbINA63:3820-3828; and

h
ML D SV (2 e R L YRR sonihinguasdtezt 3o ©
“base (pa@ﬁ)AAthad be Peckpgad.and Qalﬁﬂ{ehratewgbace @dnoéxo% u@ﬂﬂ?\%@‘s
1989 J. Virol. 828; and

(1985JeMbDICIC RN, 3: N2BL3HD doh el Bed S ﬁ%@c@%ﬁ Rilo! &ugfa ARV

can_be packaged and can integrate ace or exogenous
variepynpf pugleiq aqids; kate theern ntroducdd Entdx mffeﬁem/e\ém/tymmn smm as

veetd{ Bbo REBGBRMerb Bl G4 Bl Rt st ol L6t o
6470 Biatsshin &t zﬂ5(19&&)mgal¥(f?at Baa?cd Q?F 0% dwohalmr@&eaﬂ 1 (1988)
| eren ce €s usin

d
Mol &‘g%{rcngzéjf ?g%éa’f Pts?&%&%ﬁ&ﬂ'e(lﬁiﬁéwoﬁm)o &b edji- 618 1@gzﬂonpreoc
al. (1968 U.. Biék @Hem.3%8: 379BA780; 6466-

The efficacy of a particular expression vector system and method of

introducing nucleic acid into a cell can be assessed by standard approaches routinely
used in the art. For example, DNA introduced into a cell can be detected by a filter

hybridization technique (e.g., Southern blotting) and RNA produced by transcription
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6470; Tratschin et al. (1985) Mdl. Cell Biol
2072-2081; Wondisford et al. (1988) Mol . Enololc‘?rm’“fa‘.ry2007
2:32-39; Tratschin et al. (1984) J. Virol. 51:

wo 200ibid39; and Flotte et al. (1993) J. Bi @bgmHi@oossPS:
3781-3790). 30 The efficacy of a particular expression
vector system and nethod of introducing nucleic acid
into a cell can be asses®%ed by standard approaches

of in@ﬂlbfrthA s dei detetci&é ﬁirtexaﬂﬁpke by qrthern ERdMing, RNase -
ter

ce nto a.cel can b
proth b R SR T Bl eGSR B R LEICADt TG PPk
produblicapr bl detesled Yy tan angg@?mé a9y, 1for RRRHpIA LY 1391%?1010%
2004/ 016731 PCT/ I L2 000681 86 of introduced
detegti of @ Ryaduced peotein, srchaasarith aspepific mpiikadyy oF by pfnstiogal

assaﬁ't\!a&ﬁect RIdcE6AHl Eh of ;Hé%%_ﬁeeprkﬁﬁp S68H & ﬁ%ﬁzﬁﬂt&f ERASE

hai n reaction gené = product ‘can be
If thé gerecproduds pi mﬁereqb;m bp inteatse toalgserpresfedrbyeaertips @otrgadily

f d d
s PGP O91E8 oy 451 58 s B HE g bl E”
the mgdlatprit elenhemteatnd acdtarnot beousad. Ftet l'reyd)rtey pehe tivedgengene

rodpc as mati c_assay. |f the gen
Pf"dﬁ?to‘aﬁl&fl ingesyy, f‘%?%@? ) W o7 b b 19 SV%I@teeefEFaé Z&!wby
systéin CSlahadrd 3Brtck SRR Yoo 3P AP indHlcC KL SSloline YBL S
can first be optimzed using a reportef gene d
galathﬁedaS%gchla‘amplyEME restyls tramﬂarase,chmrfemm bl (hemdn gtveth
hornk gorter gene encodes a gene product, which is easily
Set'ect abl e and, thus, can be used to evaluate efficacy
of Whie tHeOmSti’nSd @s8d {StiARERE IR0 b8 intd NpspulaEss of Bellshe

art inclu enes encodin al act osi dase,
resulis ip grog Prifﬂ dal large propartipn %ﬁ&ff @ﬂag@ effi Q}éﬂff‘@?ra%@ﬂ Khthe
genel BHORIR: BY QN &Ils heE Mg of}éﬁ@ﬂe the Jﬁ%f. Asing Lﬁs\ﬂg\l 'ég[frr,ssnon

introduce 'nuclei¢ acid Into a popu
vecterp e mpdified rmdulﬁmqna@f asis ofay abel uac@ avithpwiplorthérdsplasiontane

subcg)ﬁingsof "%‘AH? i fl {:ais ?nghm t§Q L es lf”é 0 %ﬂtésh gl}%ee“\ﬂgg qu ﬂg uct

prodwnbﬁlof eblfpgmsmmcl\/lﬁé,cfh@ populbtivl o0dilf bRM thad Rkthartenf
thout further isolation or

. . cells n%% be Psed
isolallof, &y BFRdRe oAISTANIVELY o ffamax b | desigblen i, Brove 2pbsinesaqusn.
populdfigh of Sdenti¥®Y @ncﬂlmédb:@ilssﬂfﬁ'acén?gﬁ mo@fﬁ@&i el tPRoRle EhE

gene product " by the popul ation celI's such that no
which gificipatly exress thesgsheyprodust.iSyche e@mxbhtmmot” i foami ook gan bet

0] e 0 Lon of
prepdFY P Roffif & SRLE ADROTHY B PRTRRSICH Gy PR RERIC 4 B8
expatding sl sihgle @ell liss cultundimtd aedldrial peRildtion cofiuels by tshadgene

roduct. Such a population of uniformcells can be

techiiguesared by isolating a single modified cell by
| i Afchidi tdial ﬂi&fcﬁéli ShBARInRge Hotht QMBcht Wemﬁ)’ﬁ arabngr l?‘lge

S|nlecellincuturelntoacona atlon
metheds) deseribed Serginabove, providing mu@matop@cm mn@unlgarmllsawnh

condgi?ﬁ{ E&err quvﬁmgﬁiﬂaﬂ'éra&tn Eshgff&ﬁeﬁsg prov1 15 tfle dells! w1t§aCh

nuirients and with cytokines. Preferably, the cytokines are early acting cytokines,

such as, but not limited to, stem cell factor, FLT3 ligand, interleukin-1, intetleukin-2,
interleukin-3, interleukin-6, interleukin-10, interleukin-12, tumor necrosis factor-o.
and thrombopoietin. It will be appreciated in this respect that novel cytokines are
continuously discovered, some of which may find uses in the methods of cell

expansion of the present invention.
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met hods descri bed herei nabove, providing the 15deumy2007

hemat opoi eti ¢ nononucl ear cells with conditions fo

ex-vivo cell proliferation is effected by providing
wo2bda@1638f | S With nutrients and wi th cyt okipfffr.2003/00681

Preferably, the cytokines are early acting cytokines,

such as, but not limted to, stemcell factor, FLT3

ligand, interleukin-1, i%terleukin-2, 30

ng@tpl URE reyBkinentaan | dsk be-6ed.i nThast eiokide, 10r example,

grantluﬁggt#ocgﬁgy rkttl f]n%ﬂ atlitléj rfocliqr ”Er%r%ﬁé afgerfrga?c(féf c%lgl%yh stlmul%tmge ot

fact(trhatytlmmpbeltm,cmﬂkﬁ@lés\l(aﬁ’ GVE@E;rItIFnHedecytngré\cﬂhmﬁdand
find uses in the nethods of cell

macfé’fﬁ%‘fﬁ’@ﬂy E}fm"tlﬂlé%ﬁ?cé‘gent i nvention. 15 February 2007
V‘OI‘Q@%MQ W fla /0@ Hl%qge%élq QRRBkoBH inkidl Qiffedntitiebn of

cyt oki nes can a be used. These include, for
hemaapgigficestem g@léwrpmtymélemgtogmytmsmpwmdparrrglis gat gy further

useddh BRUHi0H Wi cARG QRIA0G R BURRor M A ilthe [0t 0T,

grAwtdtrilﬁ@m orfudimd aspeac obﬁiaqgeﬁemoinmcrylosttham isapiomigled a
t
nemp 50l st £ R Rtpphane Pine PR sedn Sl AR SO i o

of tiftiReFeMchVentipn Replerhdhiddonil APEFREVEaBUAD BLIS k@iamc @eidl s
can be further, used in technical applications such as

recegigl paagapist, o Fetippid b aecemip antesgmist pRdier. 2 MdeminiPrigesrra
antafofist, h\?ﬁlcﬁ" m&htlﬂp 1hlh§itsoéeﬂstﬁfféreht§h\’18{? bof Qe hGieficS stem

provid opoi etic stem cel
ceHSdtﬂcn@toﬁ Iwm!atmbltem mmgonbdgar cFlisewhich tanprise a major fraction of

| l.ection nag, ba of th sent venti,on
hem i bAMuRE (] B B%hof Fabliont, OE HBIESRReic, Mg el
progéiiotl célzc efﬂteﬂfatlaﬂjr alointtopoRtit feinnellél cofletnRRltaing bag
ant a%lonl st .and/or_a Vitamn D _receptor ant ag‘?nl St |

of thpresent dansRtion 6 supplegnentsd withag <HaFiive GOpR AL AICPRIATISE. B &
nicoMRRRAORRAIEE, | £ rﬁéoﬁﬂﬂmlﬂ@ldrsa fi@EhdRide Ojnallag NREORREES &

nmononucl ear cells whi conpri se fraction of
nicotirgmideo pui et inoteamider t@@log etnle@bdnd a Snllncaltemata@ba otheof

hem ST l%g &]SS %ﬁ@c@(ﬂ%&ﬁg&% % enl g‘ré Ceeg%l]? invention is

supplbﬁiehlfedtwmlm/ anu leffbutllvagmhﬁgt offa tmemizﬁseera;thxblfwemﬁuﬂml S
alerSp O B et opalchin 4PBocels o DT RG 9B of e preaent
investion Q¢ duppiRindRePRith ﬁgeﬁe‘amevmdu\ﬁ@omne %r meecb‘Bf)]Be? @ﬁ@kﬁ@r sqr a

ni coti nam de anal og netabolite. Still alternativel
Orcmh@(s)hermt opoi etic stemcells coll ectl on/ cul turing bag

éclafd @ t5 28 Q&dl &Xfa@é‘écg& tgéc' pie éjn::nlS %Q&t ki 1‘%18 pr(fytc!r?efi AL,

armun nase 1 nni’bl
assajabﬁ detarminingewhether Qpémmhmwleéﬁgeﬁt sgemraitlolcsacid receptor

ol | ecti onc{e)gul turin o({ the present i nventl on_is
a“ta%f’f}ﬁb P EFHEIE ISRCRIAT g@‘?‘?‘e%t itgrin RRtoTAntagARstod CRat e
inhibER AP 3ARRkSnAIbIte) a c@peﬁéh@iaﬁfr f £ LoppACARRE RnlFedite

addi ti onal aspect of the present i'nventi on, there is
agenp fos\expradingrp population of hematopoietic stem cells that are present in a

hematopoietic mononuclear cells fraction.
The assay, according to this aspect of the present invention, is performed by
culturing hematopoietic mononuclear cells which comprise a major fraction of

hematopoietic committed cells and a minor fraction of hematopoietic stem and

- progenitor cells in the presence of the tested agent/molecule and monitoring
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25 assay of determ ning whether a specific 15 February 2007

nol ecul e/ agent, e.g., a retinoic acid receptor
antagonist, a retinoid X receptor antagonist, a
wo 2dlafoegiin D receptor antagonist, a CD38 i pbirfihéoocosds P!
3-kinase inhibitor, a copper chelator or a copper
chel ate, is an effective agent for expanding a
popul ation of hematopoi é8ic stemcells that are
expassien of tthg hematopeiatia tstapo iceltsi aventimeneigh eadiewcwedks to a few
montf[]gcif fnglggslg](ég przgsg%r?%gﬁ%cregseg @ f%re@ngat é)?l otc!:Ursc' a?%&%? reao 1o
nonheated ogils] tht itestentoapomymdleaile rs&inl esffettﬁuedtemampprens Qtemm (lféﬂj or
action of hematopoietic conmtted cells and a m nor -
e"paf"F'g%flgeB of hematopoi etic stemand progenitor cells
| NPichgaby, @ﬁmmg t8d héMRopdiciiGfoaRMat B8lsSiS WeHodtd in a
nmonitoring 15 February 2007 WD 2004/016731
presgxcy of proeffigtivrmaemt ofs Cysskinenpictrrbly an paslyrisiag eyselies 9rc
@ coB bRIGRIT oMl B Eroopdih SRV SRS ), n
FLTeh Kigand end stern icolh fastoe LﬁS@E) aﬁnsmssqya:aebc used, hpond ordanbel

SEEL B ST BFE, AESRATRL b S e o

copper ehelitaiRl and ¢hdlatasr lish@ avee HemdspRHictint ForTBIROPIEsE AT
cells is performed in a presence of an effective

implemeting ﬂ@f"aam@ﬂ%lvadﬁ and prerarationnplythe prpseptipysptig desggped
hereﬁlﬂlsd%' NErHRr assay C&Hb'bgafu'rtﬁ& ‘ﬂgeds%rﬂe%mé' ﬁﬁﬁt e?fe&we

: hronbopoi etin (TPO, interleukin-6 (IL-6), FLT-3
concpntgﬁﬂas andcexpesrn twk |forf aabieying (UMY, regiisswitls !;ayatcmnbe

monglé{%%ar&ﬁs%ffe% Orlg’p%e S.kl Iled in the art, . to

whi ch of the antagonists,
i nini dach of sheotspddds o ppepreheinatmios desdibed (hler&trﬁsovlej fheed
above. is nost efficient for th purp
hematppQieticeeroRgs t“‘taﬁ &e ?a\ng‘?fs"%’ﬂqﬁ’o &m 2Ry "i!iﬁ%’HF‘éf PEALSHY

inchid@ HREERMAALs bt Slakts O Predt @Ry, | thE FomdicHoftib dRMBBuclehP Bells

assay can be further used 1o determ ne nost effective
are elypaedhdioat thenbongnmamgy oRemteyt Bheetf dr (H38) BanegMepew nal

I 4,5 ugl
Tranb0 I S YF A7 RERAREN Wb, AR, (B0l B oy
Tranppiaﬂ; a6t 78]1\!Im1hvecnr(Peia$m BEeat ah gl 298h &lzpatelogi [23: 433) and
i nonucl ear cells can be obtained from
neongtﬁ(ﬁi f‘ia:' ﬁiﬁlﬂg‘gr organi sm including both animals and
plants. Preferably, the hematopoietic nononucl ear

cells are obtained fromthe bone marrow (Rowl ey SD et
al Additiglobjeisnadvaripgesyend Tipveh &ptusastof the presemIpventipnewill

SR AT e RO R P

: exan(pl@Q@)nch-lepatom ligended 7o bd &Bl)tn'gn dAddisemaky, aﬂaclu obthei vaeibus

enn PP BpedT bt B RS R RS o
clainf@Piar e telaihs S6tBoR HeioRaKihdsy exphiimbisl suap&h@n W foIRMhg

exam nation of the foll ow ng
examples.

EXAMPLES
Reference is now made to the following examples, which together with the

above descriptions, illustrate the invention in a non limiting fashion.
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25 exanpl es, which are not intended to be lim
Addi tional ly, each of the various enbodi nents és'F(}‘Bmaryzom
aspects of the present invention as delineated

wo 2Rprnabove and as clainmed in the clai ”’i‘*cﬁﬁ‘.‘zﬁdsﬂﬁbﬁm
bel ow finds experinental support in the follow ng
exanpl es. 30 EXAMPLES Reference is now nade to the
fol l owi ng exanpl es, whi whi &h together with the above
descriptions, ill ust@éﬂ;{ LEd i nvention in a non

THE BFFECT éﬁ%@ﬁpgﬁéﬂﬁﬁmaN%ﬁEXmemm
PCT/1 L2003/ 000681 89 EXAMPLE | THE EFFECT OFA COPPER
CHEHEMR @ROFTHCSTEM/CRUL 08 M\ @O NOELEER C B0 ETI C

STEM CELLS OF A ND\IO}!L&‘L@CELLS CULTURE 5
Experi mental Procedures 'Sanple collection and
processi ng: Sanpl es wer e obt ai ned fromunbilical cord

bl ood after a no f ul dellvery and were
frozen within 24 ’FPSUF‘g"m ‘ffm The bl ood cel|'s

WESfinp1 Qnddtibm) ald@ Mc@ﬁulri}UfSEﬂble@%rd Bbwinad @dmf @nbiiéal 10
hours in MEM (Bi ol ogi cal Industries, |srael)

~ cordghipgs afieing et il fermoselivery ands weres Sogam W(@@s?‘* hours

pospﬁ‘tlﬁ’lll O@"hg aflodd" @Y We%eeﬁ)iwed-rﬂe%&ﬁ}ahsou‘f@f gnd gﬁﬁba’teﬁﬂﬁf ggl on

Ficol | - Hypaque (densit i gma) and
hourmmMEl\df(ng@egml Inflp@ries, Iscalel) Suzppinnmuteéswﬁ%twr"/@ tatal calf serum

s BT Miomies) Tod TS g iafeled Gt el @ELRS©

1.07P BeanhR Seubl bie crdifsrl ane0(PRE30 Biinltegit ¢dm temperature,
I ndust ri esi and_re-suspended_ in PBS is Cﬁg]ttgl ni n 0.5

The mppevglgaisishis in the iErfere lepes yere them cellecied, s f?erﬁl Bl t

inp HOEIISH%tetBerrefdrs@ﬁﬂé BS; Blolichl ndhst&), N rbSuspEHACH H&Pi’ﬁ@r
fraction and the second fraction was used

contining p@r%ﬂy]mg saDavelburen |(I§Sb3/ Theneahls meegh then epl épartwe i on

fractEJS ntgf(‘ }\fﬁk}ﬁt bc:r@é PIE m: on ?%)t ﬁgacé@g lragd tﬁ@lsgcto%lgn
fractﬁiﬁ Rk ﬁ%%ﬂu@lﬁ%@ﬁw?w Qxﬁl?runomgnéﬁ!é b i/an@lfl udi

CD34+ cel 2 tal ned ranged between 95 % and 8 %

“MirdHa@$ OD3F Progllyiton el ligolaiva liirat(Milfenyi Biotat, \WmbexpaA3i on
of hemat opoietic stemcells: The Mnonucl ear cells
acco(dMgC)) tho lotaniifactdreds rentemmcndaaohsh eflei paaltypwé ;hev(élﬂft‘l+p¢@ds ed

obraing aggedsturetior % ot o boel B R QPR b g cal

CoER-vivo iphiisiéil B Rembpsidtlc @&h alli:al THEEMotHutieir- MEM)
suppl emented with 10 % fetal 25 bovine serum ( FBE
(MNB), ortigineca s (degstibed hereipaboye. were oMafadh tin A4 wsll bostab b6H

ClusttR{CE&lidgHh& Corning, NY) or seeded in Culture Bags (American Fluoroscal
Corp.), with alpha minimal essential medium (a-MEM) supplemented with 10 % fetal
bovine serum (FBS, Biological Industries), at a concentration of about 10° cells/mi.
The purified CD34" cells were similarly plated or seeded in the Culture Bags, at a
concentration of about 10* cellsyml. The media were supplemented with
tetracthylpantamine (TEPA) chelator (obtained from Sigma) and/or with the
following human recombinant cytokines (all obtained from Perpo Tech, Inc., Rocky
Hill, NJ): Thrombopoietin (TPO), 50 ng/ml; interleukin 6 (IL-6), 50 ng/ml; FLT-3
ligand, 50 ng/ml and a stem cell factor {SCF), 50 ng/mi; occasionally SCF was
replaced by IL-3, 20 ng/ml. All cultures were incubated at 37 °C in an atmosphere of
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The purified CD34+ cells were simlarly plate
seeded in the Culture Bags, at a concentrati glr?oﬂ;efbmaryzom
about 104 cells/m . The media were supplenmented with

wo 2b@li@et hyl pant am ne (TEPA) chel ator (obt ata@Gedsfodsss:
Sigma) and/or with the follow ng human reconbi nant
cytokines (all obtained from Perpo Tech, Inc., Rocky
30 HIl, NJ): Thronbopoi®¥tin (TPO, 50 ng/m ;

5 %G8 lpwokibrex@a humidgy., Ab@eakdy infervas) the gell $ultyees overeS0mi-

ng/m., and a.stem.cel |l factor (SCF).,. 50 ng/ n ; .
depqgR e ST eERRa i fre<B et SAInE 3y OBG0n ol wing |
diffézett tiHEUBBLOME 8&idd§1 CotMgt e dhrvddfeds stamedNwith rrg%s}h 8ne &l 15

February 2007 WD 2004/ 016731 PCT/ | L2003/ 000651 90 5
enumgretgd in air with extra humdity. At weekly intervals,

th 0 h ] = .

s cfiflologfidh ublelipept \forbflbgicat SHARAREG, BF e spauling
culto ipbplitigs wads A¢complithed no abautotsool qels dembsitedoml lass whdes

vie SRS St L St R R Tl B0 SR UERLEAH ©

MayeGrinasiifSiematstamandfexiriged Bitsédpi@lly.cul ture popul ati ons
vva‘g%r cconpl i shed on_aliquots of cells deposited on
gl dedace|antigan anglysist Cellsopirg harvgatade washed WS@, PBShsohution
tRHME A" % bdvide: sefaCAlbiini P81 Rl et i
oo Mangr unwal 0/ G ensa ASQ?E?%f gﬁrﬁgéxﬁraeglggldazme Bigma), and
staingil gt dsUo Forcel minutSuwitla flomsteingBothmopdnytei & : phgedenghrer e

.har vest.ed,. ed.with a PBS solutjo 1 ntai ning 1
coni PSP R o ey Beited, the Wstaestintih xbs Fru®
werd( thergWashed GitH theSshak Beferahd 4nalyzb@ by BACKIcAlitee 5r Mickthrplus

fl uorescein isothiocyanate or h){lcoer hri n-

9

t
flowccyomisirat elerlls weraesancd at g wte offlp ﬁﬁq@m@ (8ing gafine as the
Ct . .

v 4 D58 18 ALl 1 62108 ol i
Emissigini dfden drousaad sty whumeasiuled wsiny tlogreithenic am@hfidationyemd
analfaéﬁed @tli rtastﬁ‘jof 1000 cel |l s/second, using saline as

e lyee ﬁg HR SPHE. A 488 nm ar gon | aser beam served

asDétaanihitipt ofSODSLECAIS an@ XibseBt | OD34+ $oifa&sS bxiessibn LEN

t housand cel | s was, neasured using | ogarithmc

shorb3g) Tong-tegm iculuresaintliated igiher eth Riifieg CEBYI calbs or B Prtitar e.
MNOTEEG B3 EQAnRed Fe3 b towe |d[§34a%llﬁ5%1% &&ivgggés%lected

surface expression on short a ong-term [tures

- (Milienyit kitttand cobmtedr Puiityhwasuednfimmeetl iD8ubsequeht EAGS anfieell

[ 0 AMC.fract.i,on. was determ ned as foll ows:
morp%%ﬂ%@%ﬁs%#@“@’&é?’ﬁe \éﬁ ®r esel ect ed (Mltenyi kit)
ari(ljiesele'ftfﬂ eD34+P$1511: shbset&aﬁerf sihéd meehe_kml?\aihg eagﬁgétioﬁr’bes
.an e nor phol ogy analysis, as is describe ]
antiggus GTRAPEDISRELG pad COARERS+ 330 1f- dibsbtde Gler Lin

FITctained for the follow ng conbi nati on of antigens:
CD34PE/ CD38FI TC and CD34PE/ 38-, 33-, 14-, 15-, 3, 4,
6 1Celhmpplation caladationz:C. |

FACS analysis results are given as percentage values of cells. Absolute
numbers of subsets are calculated from the absolute number of CD34+ cells.

Determination of baseline levels of CD34"/CD38- and CD34"/Lin” cells was
‘conducted as follows: CD34+ cells were purified from 3 thawed cord blood units and
stained for the above markers. The mean of these experiments was considered as the

baseline value.
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Cel | popul ation cal culations: FACS anal ysis reﬁstﬂe*oﬁlaryzom

are given as percentage values of cells. Absolu
nunbers of subsets are calculated fromthe absol ute

wo 2004/des; of CD34+ cells. Det erm nati on of P@ﬁ&%dsma,ﬁgl

| evel s of CD34+/ CD38- and CD34'/Lin cells was
conducted as follows: CD34+ cells were purifi ed from3
t hawed cord bl ood units®nd stained for the above
maf&arosll caunés, nwalbreroéf CDEBechxpersubsetst sdiZid) cansirgae ed

pres R iSOt o B e 1 msten,

passagediier, shooduniBeBdftcetie bérmiakde ﬁiﬂhﬁﬁé(‘ﬁby the clufabtd oTpatsages
fare presented as cumnul ati ve nunbers, with the
perfolmed nt i on that the cultures had not been passaged:

i &say: %@olbﬂﬁ%ﬁnﬁfg Ofi V@Fpﬁfzbzmy @@l‘isewgﬂélctlduﬁh'ﬁ%rﬁﬂ
t he nu passages perforned. g Col ony
2l

solid-gethy legllulpse-coqtaming reggiun ﬁt;pplemenﬂe@,wwtbﬂemém apaietBni -
it dj d

(Bpr%e'tdhlgé A@%yévgl%{ ﬁ‘lrdg;sgeln’? f%ét{?l_:zﬂﬁ 175 a?ﬁig@é/ﬁlﬁ% €

G-CSiviand dI‘tMe(i‘Sﬂ bogt eml6 edg/mf aﬂt ﬁbnﬁﬁdM | Fedh). k((hﬂthreat wae

incupflg i CF%S aé’z%? Aliine i aPrethsSt e f or 14 !Jlays

at Deddrniination 6f CXE-CRUR vi¥ G- %é hﬁqwa&fqﬁcsanﬁfe% to ]'rguntam
Determ nation of LTC CFUc val ues: The ability of the

self-reprveal; wag measurgd bit déterminasips of éh?etwailentvﬁscoﬂmasfumg lyylt
ol RN Bk G 59 S0s S TCRRORL o 054 HOhE

referérdcdshefditdbdve. as descri bed in the references
her ei nabove. 15 Experinmental Results Mnonucl ear cells
(MNC) were seeded in culture bags and were provided

W th nutrients angsfidhldResui?0 N9/ Nl FLE3, IL-6, TPO
and SCF) as descri bed above. The MNC cul tures were

ei Menonueleas el (MNCY rveeree sreda! (nuwlmealm@l agdrvereo proyidad t h

ot N SRRBET T8 LA sl B,

The MNC cmtlu;estuim énthleslreatdrdr(&emmmé(s(uaamitefdrmmrale)amm baro@s

t h chel at f di Th
conc gt (5 0o MUTHA TERA | s vBreooried Mg Ui Dk
suppMinbited 5&’}{\T§Pﬂ f§196n\1'3? ﬁwffﬁst Qﬂ@i&rkéﬁ aﬁ'(?ﬁ&'h%e%k tl;ggéaﬂnward

cul tures were analyzed 'y during a 12-week period

wcreftﬁp‘peﬂ Rethrehefari-fiet nelal STh arifigd3dH34th dultt@@ﬁﬂét@%s
In_order to precisely determ ne the CD34+ cell

Supplelamteiﬁﬂth BEya andssrved jas Rosifive sonfol e peliagsorre anatyred

KB 42 b W ERTHERRN 1R tht Nan®XP OF BRI SUQ! EHPE:
wee treatggd and untreated MNC cu ureg§¥1 thhe pOSIaﬁl ve
CD346m380 bel](SCBquderctgIprqsprse]g)detennme the CD34+ cell content, CD34+
cells were weekly reselected and enumerated from each of the experimental groups
(treated and untreated MNC cultures) and the positive control (CD34+ cultures).

The results, illustrated in Figures la-b, 2 and 3, show that addition of TEPA

chelator to non-purified MNC cultures, substantially and progressively increased the

number of CD3471 cells, CD34% colony-ferming cells and CD34TCD38- cells, over a
12-week period. Thus, in MNC cultures treated with TEPA, the cumulative number

of CD347 cells increased from a non-detectable level to over 8 x 107 cells/ml, after 2

and 12 weeks, respectively (Figures 1a-b); the cumulative number of CD34+CD33'
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The results, illustrated in Figures la-b, 2 a
show t hat addltl on of TEPA chelator to non- pﬂﬁ%bmc?ryzow
MNC cul tures, substantially and progressively

wo 2bBigased t_he nunber of CD34+ cells, CD3&4mm.2003/000681
colony-formng cells and CD34+CD38- cells, over a 30
12-week period. Thus, in MNC cultures treated with
TEPA, the cumnul ative nurfider of CD34+ cells increased

cellsf inorased from-adwneleteatble levehteD.5xd 0bvalis/ng, aftet 0 At b werka |
after 2. and 12 weeks, respectlvel (Figures | a-b);

respeqiively (Figue Pl cand hb apmbsr Er34CDEBUS Snqreased e 2007
deteé’%%i@@&é( Q»lﬁi 20PCdils Hrﬂél%(?g?é 919&)% %v gl& c%gé/pltﬁe] '@ﬁ;ﬁ?%?d

froma non-detecta
On thé ptger @ndn‘dhellﬂ‘ Fllié‘eWas, not adxkzpe@MNﬁébqltu(@(gureeteQ):ontmisai
CFUs .i ncrease
no sigl gl TR Bl oL g SroBsoR S RaF MepieosfpBiod i1 o
weehvgeal. Fesiembiey teystdntagdi pRogitor ceMs Hdigitiod Rethe MBI
ed to MNC cul tures (untreated

PA d
weatgQ AN gelm%? OS] G 7 VRS SO oDyt R ond

R RO
contdﬁﬂ).s Mdrﬁﬁ)k)gﬁbal h&iyiﬁ%gells[:ieﬁgeﬁcfrdiﬂ\lﬁngwérgﬂﬂndsr EP@J—t:rjdi%H

i zed or .syrpassed.the densjties t em.an
MNG At feestec Hetbs roRgrtian it P U renBied cels MhlG Mmoo
the &dﬂ@ﬁeﬁ%ﬁaﬁ'&ﬁj 10MgttBrmT SERAVINEOSIIute¥ ot GOREd RUBITEPA, where

Mor phol ogi cal anal ysis of cells derived fromlong-term
fullyhitferqrtiamdt r eat ed 10 MNC cul tures, reveal ed a hi gh

r oo . - di f t] I il of
PREROIPB B s RS BRIk I g e 3 ocC
hematommmed:eﬂ\s inky BERAstamiaby expaﬁdddley-vd/b]‘ doatimwiuklgoedt . at IEbst
ul ts . descri bed t a cle
12 wegBpesiid: N i rmlxrfgtm"aw&l i rect@@ﬂvlg ﬁirﬁglgb%“t no
() t
prio b TLARGIATCHS TR A Gy ol o SR D 4R o Qo
supplemenibng i theealls tulaed medipmbitDWERA| dhelatoni drity ﬁ(imfgr ﬁh@ Mirst
b e{our' fétfca ion of CD34+ cells. The data al so show t hat
three; Weess QQUUNENG o5yl ted from suppl enenting the-cells
CUlHedd EosiiClindidhidithdn sldePerk Mavatcen cul@ﬁés\’sﬂlﬂfeh@lﬁed Gfh

first three weeks of culturing. These resul
TEPAnpjadditian theptokipgsy ¢nabled trempadou prpagsion of @Q34+ Cells and

s A0 SEAOES 1 A0 AR ME SR il
cells obaimeed ar MiNCpoubigen treaved andyt With € E8I34es 3 8 omparssot expRaimetks

demsife] 18! Fmatoho b AP PR 2By SR HCmar PbRet

contig¥PRIdcBRIH the esi&mra%cg&ﬁﬁ cififddds afX &aﬁ@hqn%ﬁaf asdadthared
Se

cells and its rare - cell sub continue to

with othaty pblajped o x euliuees dinitigigd - w@h nhighly t purified aGB34s ol h

TN, SR ki DU

poteriFiater the MBC dukteres @5 uilvay thﬂ;enﬁ:]@ghghertdxpﬁnsmhG:Iftceli;ewn’n
extentdreg %ﬁf—rr%rrlléwa? potg/rll\tgl with TEPA

The results may also suggest that in addition to the regulatory effect on
CD34+ cells and its early subsets, the chelator may also enable ex-vivo expansion of a

- small subset of cells that are not co-purified with the CD34+ cell fraction. This subset
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potentiate the MNC cultures in a way that enall
hi gher expansion of cells with extended sel farsg%g%aryzom
potential. The results may al so suggest that in

wo 20ARkdAPN to the regulatory effect on 30, 303%@(}6513
and its early subsets, the chelator may also enable
ex-vivo expansion of a snmall subset of cells that are
not co-purified with the3Cbh34+ cell fraction. This

of csilihsdtichl & prelmblainy n2@@7CDINY 2P Abfpb678iperior expansion of

PCT/ 1 L2003/ 000681. 9 of cells, whicgh is probably in
b ?ﬁ'gt-ge Sea“gﬂﬁi&’,set V‘%SWFWS@IJB‘&"EGHP cé%eénsi on of ~CD34+

ceHesceathis Bxdingiel NRSttafest fubd@ntid @x-9¢b @RS Ioh R Grefednd
cultures.. Hence, this Exanple illustrates a

progenifns s ¢olg 18] 2 anixgd monesusleasicells elugs. o nd it dovel r rgesdpeor

; | ] G : I . ' vel
cirofflen fne ped D e 1B AEa By it of Yefh ol blort8) 0
mitiggegtof puldures, ediobris cwfently esedde thesarpr Hence,t the uswi dfi aatoppar  of

tures Leh is curr ly. used in the art. Hence,

il {8 1P s SRR Yyt B G LS
efficiembpdynbddedhirey/fos angd-ifoexpirkib @€ stemahd/amnsto geRorels.

ef ficiency of procedures for an ex-vivo expansi on of

stem and/ or progenitor cells. 10 EXAMPLE 2 THE EFFECT

OF A COPPER CHELA TEzohwPrE £X- VI VO EXPANSI ON OF

HEMATOPO ETI C STEM CELLS OF A MONONUCLEAR CELLS
THESFBE OExhpOPPERSAIFIATE ON TRE EX-BKH4) EXP4NSION OF

AR EOR e TP TR B 4ROy RS g

anGopper-EEPAOvhelae was t prepuréd | ntdesaaibeld, C oo kixm@pleasin

.PCTgrgﬁf/géogzd i n Exanpl e 1 above. The nononucl ear cell

"were either untreated (control) or treated

W MonéaicEEPALLS _r(ﬁﬂl\ﬁ%gvverg_ R&:dbd anb@tire MMs fdl Wit PRoWREE
suppl enented with pper - TEPA chelate for the first

withprisats gad gokingias desemepdr Rxammile & abrvira e monenvelspell
culm%st\fbrgggleﬁﬁ eﬁﬂ‘emﬁfgag?ﬂreaéh lyi l&‘lf-'gﬁlezg L€ Tl%ﬁgeated

anal yzed el ght ter an 8-we eriod.
MNG ewlturdssyergsupplemtgel with Cofdplee TEP A ehdate fes ideviirsthilate weeks

ddi ti.op of Copper-TEPA .chelate _to MNC cul tures
and et e o R PR G Br-fepmidie. i culirgsgere
analy2e@BightiveeRs aHfer GDB4rbcloRkibd, and the nunmber of

CD34+CD38- cells, after an eight weeks incubation

pefheggsultsruesentediin Tatrul belpweshawribadditiorodoppeef FRA per

o' W87 RE0 BLAEly RSURRL iR S0 e

: i ) x M
T NS A e R

week@ Ufdubatidn\iRribd Mrgis, ®e HRALOR8nbE F D34t ReNERS @inlL oM
2.1 x 105 in the untyeated control culture (cytokines
bag Qﬁﬁryl}cub@r()a_ wasy2.5@g 107, 12.37 x 10° or 32.85 x 10°, in the untreated

- cultures (cytokines only), 50 uM Copper-TEPA-treated and 100 pM Copper-TEPA-

- treated cultures, i‘espectively. The cumulative number of CD347CD3g" cells

increased from 2.1 x 10° in the untreated control culture (cytokines only) to 6.1 x 10°
in the Copper-TEPA (100 uM) treated culture.
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Table 1 Treatnent Nunber of Portion of Nunber of

WO 2 3icel s CD34+ cells CD34/38- cells )
%gz)l'Control 3660 0.2 23 ouTerA enelSh kb ey
1.4 - 50gM Cu- TEPA chel ate 3285.3 1.2 61 100M The
results described in thi% Exanple denonstrate that
hemat opoi eti c stem celdde ay be substantially

ex&aﬁ%ed—a%@me%a;whe&&%ﬁ ed, 1n a
t urgeatmeents o Number efad diogiss afell| sNumpsrfng pri or

cu ,
pufification off EPBhceiel|l GD34 rpellng Grissnedls jof a
copper chel at e |sudilty Cdpped®ITEPA] EXBNBIE 3 ITHE
EFFECT OFA RARJANTAGONI ST ON THE EX- VI VO EXPANSI ON OF
10| HEMBG#RD ETEC S¥3aM CEULS @2 A MPDNONUQLEAR dELLS
CU.TURE Materijals and BEfperi nentall Met hods The
high-Affinity fetinoic a¢gird recept ¢gr (RAR) anifagoni st
4-[ CA-TEPA KR! phqax’y.?- 2,|2- dijgpt hyl}- -
(2H) -t rslogf;qhorrem- 6-yl)]-benzoic acid, (AGN 194310) was
synt hesi¢ced acgording tojthe procedure descrilded in
PAT/ 1 L0O3/ 00064 15 Mononycl ear cellls fraction |was

col CeTERA chiste pur i3b8%sl ag desiczi bed abowe in {Exanple
1.} MNCieumM ure% were prepared and
detscri AGN.. 104310 R

i ntai ned gs
' s added
to the tested cultures at concentrations ranging from
1 "3 -1 % 101 Mor 410 | to.4. 1 x 10-5 [lg/1].
Tithes s shectipeih, M Blagbhe ol Beffdiicti o .
cells peayibe dubstantiallyexpanded eegvoyeeds it st § vk peviod) iy adulireg
the 20 entire culture period. The results, presented
of mpnenteiesr dlopd cellsowith mapriorpuoficatibe el CI334™ cefls, ae the presence

o é@%ér%ﬁ&ﬁekﬁéht&p@p%ﬁﬁme of RAR ant agoni sts and

okl'nes revea significant increase in the
nunber of CD34+Lin- cells (78 % 24 %9 as quantitated
by FACS analysis frbom a resel ected, highly purified
CD34+ cell fraction, géﬁ'ﬁared with the ‘

THE EFFECT OF A RAR ANTAGONIST ON THE EX-VIVO EXPANSION OF
HEMATOPOIETIC STEM CELLS OF A MONONUCLEAR CELLS CULTURE
Materials and Experimental Methods

The high-Affinity retinoic acid receptor (RAR) antagonist 4-[[4-(4-
ethylphenyl)-2,2-dimethyl- (2H)-thiochomen-6-y1)}-benzoic acid, (AGN 194310) was
synthesized according to the procedure described in PCT/IL03/00064.

Mononuclear cells fraction was collected and purified as described above in
Example 1. MNC cultures were prepared and maintained as described above, AGN

194310 RAR antagonist was added to the tested cultures at concentrations ranging

“from 1 x 10° — 1 x 10™! M [or 410 pg/l to 4.1 x 10° pg/l]. The antagonist was added

for a predetermined, limited period, for up to three weeks or continuously during the

entire culture period.

The results, presented in Table 2, show that mononuclear cell fractions

. cultured in the presence of RAR antagonists and cytokines revealed a significant

increase in the number of CD34+Lin- cells (78 %, 24 %) as quantitated by FACS

~ analysis from a reselected, highly purified CD34+ cell fraction, as compared with the
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control untreated MNC fractions, 2 and 5 weeks
(respectively), after initial seeding. The M\C cells
wo 208 Rq?,ded to the RAR antagonists and expapded,Afoosst
undi fferentiated population, w thout prior
purification of the CD34+ popul ati on. RAR ant agoni st
treatment was sufficientdsto stinmulate specific
contek painstedrMNC frdveion] 2ahd b ogekd (respedtietly), afteranitial scoding. ,

eks t. seeding. Wi le contraol . untregted MCs
The N g 0B e Teh Saagisint 200 GRRTRAR Spdiagoriate
populldtRal Kitheud| prief PErifi@USRLE theSCOM bSMtion NWIRR 'Rita@bnist
CD34+ cells, and those that were |ineage marker

treatppent; waseifticient e stimygte spesificorpansionnfythe sigmipyogenisornit

i t r egs.: +1C hygMakh. i
B SnSENE Rl SRR RMET S YA e
detectiblm D38+ pepdettbnh RARhat AR satn¢ahgloniltates révealed sighidioatat e

his rtoent, .Table 2 2 weeks t pki.nes t oki nes

iy, B ERTRESLIT B o o ge (ineSRE kbRt s
factols/ BlatidiSted Vg thé MBS 4ulltude YellbOhdt. sGPprési2CH34-e AR ikdl Mn 1

7ﬁ. 4 5 weeks_CQytoki nes Cytoki nes +RAR onlﬁ )
contrgf samplgsiatg inguifigentfo querrisie thersippalgupyidediby thpRAR-antpgonist o
to elsBiute AR BhnsR4t/ Lin" X 10 * 0 237.8 % CD34/Lin" O

24.1 15 IP is appreciated that certain features of

the invention, which are, for clarity, described in

the context of separ at,lell?%rﬁodi ments, may al so be

|

provided in conbinati Ji a single enbodi nent.

donversely, various fegéstes of the 1 nvention whi ch
€, T0r previty, agseLlp LA TR 07| a single
gnbodi nent, may al sq g:(e“:ﬂggs dr oVl Oggﬁgqeag gt ely or in
T Neof CD34 cells X 107 176 169
Ne of CD34"/Lin" X 10* 1.76 132.5
% CD34/Lin 1 78.4
5 weeks
Cytokines Cytokines tRAR
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

1t is appreciated that certain features of the invention, which are, for clarity,

~described in the context of separate embodiments, may also be provided in

combination in. a single embodiment. Conversely, various features of the invention,
which are, for brevity, described in the context of a single embodiment, may also be

provided separately or in any suitable subcombination.
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i nvention has been described in conjunction with

specific enbodinments thereof, it is evident that many
wo 2@bREsati ves, nodifications and vari at i opsroshood

apparent to those skilled in the art. Accordingly, it

|s intended to enbrace all such alternatives,

{lﬁghlons and vari at1%ns that fall within the
spl &% ysRog %obf‘@noqlew d gifpeangragtion aithsspesific

embpuiMentahdrdTsit isReden St /3 B?Jr%ﬁ/esa%hfﬁﬁﬁfohg 144 variations

mentioned in this specification are herei
W'"lh"r@éP%@fF 40 thesq skilleddn theartt iAceordingly, itas mtwdmdeto eibtace tlhe

u ' t . O t

suclp Bkt 68 hdicatidhe A8 ARt Mt BRainln S0 pnc ropd

scopgasf ﬁlpelpp'ﬁﬂdcdilclaynsandAllrpixlbllctaﬁtmﬂ |ﬁﬁteh1@dinﬁjfaﬁ:ﬂt bshliB&ions
diti on,

i.-ncar.pqr.at e ein ref erenc In a
medBER R SPHGEHR #r aebingiocororang iy b el birefernse
into am)bpeeﬁbatm 100thé Bthd ek a0 F c%@l[‘ ﬁidf\hkﬁﬁl ligdtioft! e?ﬁ 'oﬁn

t hat such reference is avail abl e as or art

- patepfapplisaion wowtveriteally spdindivisyal oindicaied @rt@smorporatﬂddmmm n

by rétBfn&f 1k HEJIRHP @fﬁﬁiﬁg of Jdgﬂtﬂﬁaﬁ% of Q% re‘i’e(?“erf%g if &n ?c%tlgns

restricted or Iimted
shallspps be feprstutrbar an adprisve nlnae dudheseferance ilsEainﬁbrelm Tpﬁoﬁﬁl@ o
net.hod of expandin

the ngsew Vo p@b Sﬁigfcog%otlotg E{gﬁ?ﬁ{tqﬂ‘b‘@ﬁ‘@? pnd of theAppendpde qalﬁ]ﬁ i e

not at bd fegardedres tdstigted sl DBtiRAtHyadd 84 dn ?rb'x Phidid 5}95pec1ﬁc theory
ifferentiation of the hematopoietic stemcells ex-

p"mVVVU]r?%e nmet hod conpri si ng providi ng hemat opoi etic
nononucl ear cells; culturing said nononucl ear cells
ex-vi vo under conditions all owm ng for cel
proliferation and, at the sane tine, culturing said
cell s under conditions selected fromthe group
consi sting of: conditions reduci ng expression and/or
activity of CD38 in said nononucl ear cells;
condi ti ons reduci ng capacity of said henmatopoietic
nononucl ear cells in responding to retinoic acid,
retinoids and/or Vitamin D in said nononuclear cells;
condi tions reducing capacity of said hematopoietic
nmononucl ear cells in responding to signaling pathways
involving the retinoic acid receptor, the retinoid X
receptor and/or the Vitamn D receptor in said
nononucl ear cells; culturing said nononuclear cells in -
t he presence of nicotinam de, a nicotinam de anal og,
a nicotinam de or a nicotinam de anal og derivative or
a nicotinamde or a nicotinamde analog netabolite in
sai d nononucl ear cells; conditions reducing an
expressi on and/ or act|V|ty of PI 3-kinase in said
nononucl ear




cells; and culturing said nononucl ear cells i Stlﬂ,% ary 2007

presence of at |east one cepper chel ator or el afu,

t hereby expandi ng a popul ati on of said henat op0| ctic

stemcells while at the same tine substantially

inhibiting differentiation of said hematopoietic stem
WHAT ISSCIeaMHDvIS: 2. Use of henmatopoietic stemcells, the

nmet hod conprising: culturing hematopoietic nononucl ear

cells ex vivo for cell proliferation, wherein said

cul t.unimghddsof pefahdbgRa ei- ﬁv@p@pmdbﬁ biRmaRbeiefiederh CAR) while

rou onsi sti.ng, .of : duci n pressi on and/ or
A L W TN R
vzvdjﬂmmﬁeﬂpﬂicahjmmgononucl ear cells in responding to
retinaic [or Vitam n D; reducing

capdayifive B?m%%ok?uﬁglﬁﬁ?nélﬁd%?rﬁ % mononucl ear cells in
r esmmimgl Gaitl omshapéelkirn gells p at- hWﬂyﬁadd:rn U@iditioﬁg dlib®ing for cell

l.noi ¢, ac d receptor, the r no ce [ or
prof gl S, By 8o s il el e SRR s P e
gro@mmﬂmgnﬁm de anal og, a nicotinamde or a
nlco nal og .derivative o j coti nam de or, a
AR R AR B R Pl ety gD Ein el iRy B
r edamdlngxsaaiwmg rcmﬁy:)ﬁtf sahidieatatopeittio/mbyonadledricelB-ik irdspGing

: presence.,of ast ne copper .chel ator or
to el A REFRER GRS Binin B3 i RGBT BB o
henc@hdlpmseedwng canritedf sid lwh'la’[o@maic inbnsAERR cellsi iBesponding

st an erentiation.

o s A Bis vt Pk e blhe apiasRGER. R R afp o e
Vitapfin B rmphor:mrmﬂtnoﬁonucleﬁxamkis)l anting or inpl antl ng sal d

hema1 IBJ dc stem PI g}ﬁareci(& tt d d

of Trartm 2 R ‘é"rn&" ﬁa" "e? B JFessieg A dieptipa Eu H’t°°téﬂa’é“ ©
ana]ag,sangb@mamrdb Vérd el aicotindmidA ﬁﬁlobodbrmﬁtn@e&etal Gidbtingmide or a
mcortrl?léjxhlfdé/énaﬂ) ne 1t§°' %t C s}le h}l s with an exogene

onpri 81°ng: Erg? 0 FHTHS ‘h #5f0i eti c nononucl ear

c eI dosdiions véducing axt expedskiop sl drfaetivitly ioO R 3-kinheeri® kdid Sdhehuclear
cell %n& uring is perfornmed in a condition selected from

RS group consisting of conditions reducing
 expubsiigonidancionuclac téllsi ih YheopresehidBofian 1t cthe RDpy@n dbdl@@T or
chel t%I I's, conditions reducing capacity of said

ehat opoi eti ¢ nononucl ear cells in responding to
r etthqnchyo:xpanldnig ar@iphlatedsf saiicientatopbittinitem Dellsnwhitd 4 the same

. dit] d . of
T b e R G L

signal i ng pat hvvays i nvol vi ng the retinoic acid

receptor. ema:io ef.l. 0 oi d ece gr and/lor the Vitamn

D receptbPendireigs ﬁ’BﬁS ’ EPPE™S%&| turing sai d
rmnnﬂrunﬁgehnmm@bieac mnbﬂmlemr %le e &ivaf foRicelbipratidisratiba, wherein

said cul‘t:u%tn!g li]sapre‘:nrformed in a condition selected from the group consisting of:

reducing expression and/or activity of CD38;

reducing a capacity of said hematopoietic mononuclear cells in responding to retinoic
acid, retinoids and/or Vitamin D;

reducing capacity of said hematopoietic mononuclear cells in responding to signaling
pathways involving the retinoic acid receptor, the retinoid X receptor and/or the Vitamin D
receptor,

the presence of nicotinamide, a nicotinamide analog, a nicotinamide or a

nicotinamide analog derivative or a nicotinamide or a nicotinamide analog metabolite;




anal og, a nicotinam de or a nicotinanm de ana
derivgtive or a nicotinam g or a nicotinanlgglgﬁgF%%2007
netabolite in said nononuclear cells; conditions
reducing an expression and/or activity of Pl 3-kinase
in said nononuclear cells; and culturing said
nonedudigearexpessicn ahcnroxtdam@rcarwmmgéf oat | east one

copper chel che t her eby expandi ng a

popuf 8tFFK° gﬁa?gﬁé tan%@ﬁﬁ?a%egﬁt@tqrﬁh%t%m cells, while at

t hetheabeexpahdiiy a porusdian bf afid Yenardpoletié ko cells, whﬂe at the same
ietic stemc

ind, A s S TR S LR o, 1
maigrcatropiti w¢dicanmehten Ekilsmting bhindphatigxagictatopoietithem cells to
arercmthod of claim4, wherein genetically nodifying is
&PF8%t ed by a vector which conprises the exogene. 6.
The nmethod of claim5, wherein the vector is a vira
vec Qr u. acid, vecto 99 .15 Februa
Yohedpe AR sPeBRtdABF 6t il g aBd B ndvidial
nethod conpr|5|ng cul turing henatop0|et|c nononucl ear
cel i vo faor c eratian, n .said
cul bur S sty et mPliSine Shipsigie J8F selsous fbfrorene
mmmhsngroup consi sting of: condltlons redu0|ng
eXpF§SSI and/or CtIVI n sai

nmononucl. ear
cel Condi OP %latﬁf’dnﬁ@m&gﬁaé Cc|c{1§/ BN £°H ool prof lperatmn’
whengmed bpidtingtg is pm‘ﬁmmedmlaeamdmal sklsctedfrére S @fudhp Rensistifg of:
ret retinoi d
o rconBifis 36 Shne EEH A R PRRY et A Yol lereets
sai Cdndhemtrecpmmgtchpacm}t)diﬁnamldieﬁﬁfopmelid mondiudles pelkdh Rgporiding
n a ving,the r c acid
tore?egl a3t rgmf R V@(rs%l%ménoi}‘?? \ie e ??H?eg 'the Vitanmin
D rqen@pmm rredumn.g aapicxnsodsfmaiddiemafopmedid Bonodikéa E:d':mgn $apshding
nuc ear .cel the pr.esence qf nicotj nam
to S[ERARRBEHEAY iEo1viss bl RdSREE SRS, He ISR X PGPy e
'meanagmmarmmaﬂmmammmkamﬁﬂgot|nan1de or a nicotinam de
tabolite.in s nonucl ear .cell s L.
o oyl Bebdecred? B PR AR S i et pgorigpmide
analpy, 8-icatiaseide norsai xdcmnmmﬂel cdnelag degiehthvg; oramdniCotinbmtdengr a
mco,?géng[démnﬁ)nuc 26 G Sa%‘ﬁléqng?"g aJi‘%ge_sence of at least one

ForitEt Yeby expanding a
po p;uilcmmns medofing an ekphmsiat oG ettivity of B3 -kidhdedn sadhinbeonaéiear
cells glfdfsane tinme, substantially inhibiting _
' ITferentiation of said hematopoietic stemcells; in
t heulaingfsaidt morenadean calB di @RIREEnde it at lcaf Sipk @Bppen ghetaddrtr
chel%}gmat opoietic stemcells to the recipient. 8. A
r‘anspl ant abl e hemat opoi etic cell preparation
c oipréby ienppnding exqpaiiakéos of said hematopoietic stem cells, while at the same

time, substantially inhibiting differentiation of said hematopoietic stem cells ex-vivo; and

(b) genetically modifying said hematopoietic stem cells with the exogene.

5. The method of claim 4, wherein genetically modifying is effected by a vector

which comprises the exogene.

6. The method of claim 5, wherein the vector is a viral vector or a nucleic acid

vector,




popul ation of hematopoietic stemcells propag t,ﬁg
ex-vivo from hemat opoi eti cggtononucl ear cel | sall etbﬁlg’ryzom

presence of an effective anobunt of an agent, wherein

said agent has an activity selected fromthe group

consisting of: reducing expression and/or activity of

CD38. iUse 5ftiehal@pHIOREIEEIIs S6thih&d by HAUEIINSMBARALT L Y of

sai d hemat opoi et.i ¢ nmononycl ear cells in responding

" ot CHBITEE HERgoois G PARSHURes cal o™ Yo A SelcPpieigtqny wherein
saidaitannpck patoraal iha ,coﬁcmdmae@eccwﬂ fHeteYoup f:or&ﬁtu‘ijg of:

henat 0|et%g nnnonucl cells

ST oRAATRE TR RS SR Qf.aﬁ@ﬂ&ywéEPéffnﬁaigem&eﬁnHlear cells,

r eceptinibys felheinpehprny df %id BREeipoletdmdhdiclbf el thapbndhg
nonu |.ear. cells; reduci ng an

cep
to reét%fceag@l rgh Oé%&f“%f’r 1&“??7 i) said m@'imngdﬁalrﬁ‘g% in said
I’mn@mdﬂ:ﬁbl&aﬁdl&&igk‘ﬁpacfﬂj’ of MExMafopsRiicimafetledr Teid 16 0RPEding

gt d t d
o SN i BT R o SEPOF S5THEDT ARk T or o he

Vitabgin DuradeptopinGhidandhbmelehn@iid;de or a ni coti nam de anal og
n sai nuclear cells; .100 15 Februar

netaaunlte q %
pootHige faid monohuSlear cells i fhe Presohce; Aripetipppide,  pspt)
analif heniestinhmtdeoor af nis@indmite Matatigod@iviativeS be aRbhrdmidRNer a
. a. phar eut C table carrier. 9. The nethod
mcoo]flg%fl’a%\ fi’\%@i‘t aédcéP ORISR &5)Si et i ¢ mononucl ear
cel dosdlaons rethzbing ad ex;frfrsﬁmm andb@UE ety SHE PE8kiddsefifi @41 tldBonuclear

cen@L94P consisting of bone marrow, peripheral blood and
neonatal unbilical cord blood. 10. The nethod of claim
1, onftedimgy saidpnandncileng calbiid thepraicn@osiod: lesiane @opiek ekdlator or
chel<:e| I's with said conditions for ex-vivo cell
prbllferatlon conprises providing said hematopoietic
nmortbereleyl expandorg] d ?)pullaﬁdm tflatd lenb®peiagt w:ngl Iaell.‘syﬁrﬁ)lhe 41@%e same
erei n. said cytokines are
timey Sno A T e D rcr oo il Rl Sy 1 23,
vvher ei n is ahd meaufhuraef iangediytnki fof Srafépfant] e6d aémﬁtbp'nietic
r.ou sisting of stemcell factor, FLT3 |igand,
Stem ﬁe%tﬁe o wnt interl eukin-2, interleukin- 3,
|nterleuk|n 6 |nterleuk|n 10, interleukin-12, tunor

i mb t 13. The met hod
R D e e

 popugticnkif rhelsatoﬂoﬂetlc'Etem ceils pogagated h-ahvinfiba, hentatipsietic Mandhuclear
nes are.selected fromthe group

: e act| n
ceusc%&lhe PSTTING (‘T‘ry We GPBRUE 8T A8ty sti mul ating factor,
gr awhefmcgatda/gmdmmhag&ty@ah@ayﬁonsme @cdugt:cmguﬁgaﬁt or,
rythropojeti gﬁﬁf atocyte
SRR et sl i G T aR eSS g
f aatducing tapacifihe’ saidtHemdtopdiettd @brvndcleanbdlsah Pesﬁfrﬂitlgdb Piinoic
) |et'c nononucl lls wth ex-vivo
amdr# Odglg%ﬁﬁ% Pgnf%ﬁn?%ﬁﬂgﬁﬁﬁegald expr essi on and/ or
 sairetlvaing capiatiyy affsaiCE3Batdpmidoiy mo[nblﬁm&leﬁii dalls idaésfonding to signaling
patha%%m L eg&l}l%thlg%et%mngarc]:}écrec%%{or tﬁe re%mmd t}Pregerf)toerl%%}tt)r tﬁl!cq %titamin D
receptor in said mononuclear cells; and
' reducing an expression and/or activity of PI 3-kinase in said mononuclear cells; or
wherein said agent is
a copper chelator or chelate, or
nicotinamide, a nicotinamide analog, a nicotinamide or a nicotinamide analog

. derivative or a nicotinamide or a nicotinamide analog metabolite in said mononuclear cells;




expression. 16. The transpl antabl e henatopoietl
preparation of claim8, whggein said agent |SS§%%SREYZOO7
agent that downregul ates CD38 expression. 17. The

met hod of claim 15, wherein the agent that

downr egul ates CD38 expression is selected fromthe

gr ow]n‘leca:n Mg saink Mighep §ub§taﬂitﬁlljf RehiitGtingCdiferéB@BdH & said hematopoietic
anta X receptor antagonist and a

ster KIS 3 Bﬁar“é‘é"eﬁﬁ%‘ﬁly ARERFNRTETT 15 Fobr uary 2007 101
18 The net hod of cla|n115 wherei n the agent that

r res n is an antagqnist, for, |,
oo P Eh&Ror et . SPGERRY RmicPaity BRI Sisarasrived
fromal jogree isplectal fromdha grdup doedistingiof baad tharrévet pedi@hdtalallGddosind
naﬁ@ﬁ%?bﬂﬁﬁcoé%kmghe met hod of claim 15, wherein said

ownregul ates CD38 expression is a
polynucleotlde 20. The nethod of claim19, wherein

th ol.ynucl.eqt i en s.an_ a
r e?lloﬁm%l SR 8r eg :lﬁ o(rE gﬁe%r?fov“ﬁrgt %&e@ak’pf”@g% Beggnuglear
cellarwignt saidVicomditions Dfdre@emza) reelli polifeeatioh Ubanipraat ippoding said

hen@t]ogo%trﬂ:m&%}lﬁk‘f Jaﬁ%gtﬁ'nﬁnm%nsm{\mﬁ CP’P the pol ynucl eoti de

es an ant an an Pt acid receptor,
an anti retin0|d X receptor or an anti V'tan1n D
cl

t Th t hod of
oy Fe el B8y 1 Gnorbi S TE e cs e ol Bvobings
polynucleotlde nDIecuIe directed to cause
" ti noi
R (R Uk S R B A o
the grhep msmmg obftems kell farctﬁﬂ FLWh Bganil rintsdéulltinsiyidtdrieukih @1 fneleukin-
3, mPe? eXlgﬁlg 1%31‘;1&1?(1% 1%]%1%{11? lﬁ Tu Soer n%cg{%s%j frallcgtcrzorgag%{ﬁlggroglgopo?etm

consi st Hor ecul’
nmol ecul e, a rybozyne nol ecul e and a DNAzyne nol ecul e.

24T e e n s ent, t.hat
ot eerea Se B oy e MBS rd e Ryptin®
downr egul ates Pl 3- klnase expreSS|on 25 The nethod
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15. The method of claim 1, wherein providing said hematopoietic mononuclear cells

- with ex-vivo culture conditions for reducing said expression and/or said activity of CD38 is by
providing said hematopoietic mononuclear cells with an agent that downregulates CD38

expression.

16. The transplantable hematopoietic cell preparation of claim 8, wherein said

agent is an agent that downregulates CD38 expression.

17.  The method of claim 15, wherein the agent that downregulates CD38
expression is selected from the group consisting of a retinoic acid receptor antagonist, a

retinoid X receptor antagonist and a Vitamin D receptor antagonist.
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26. The method of claim 24, wherein agent that downregulates PI 3-kinase

expression is an intracellular antibody.

27. The method of claim 25, wherein said polynucleotide is a small interfering
polynucleotide molecule directed to cause intracellular PI 3-kinase mRNA or gene
degradation,
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35. The method of claim 1, wherein providing said hematopoietic mononuclear

cells with ex-vivo culture conditions for reducing said expression and/or said activity of
CD38 is by providing said hematopoietic mononuclear cells with an agent that inhibits PI
3-kinase activity.

36. The transplantable hematopoietic cell preparation of claim 8, wherein said

agent is an agent that inhibits PI 3-kinase activity.

37. The method of claim 36, wherein said agent that inhibits PI 3-kinase activity is
selected from the group consisting of wortmannin and 1.Y294002.
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stemcells by culturing hesatopoietic rmnonuc ear

cells ex vivo for cell proliferation, wherein said

culturing is perfornmed in a condition selected from

t he group consisting of: reduci ng expression and/or

activity of CD38; reduci ng a capacity of said

he opoi &tic cells..inre
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chelate or chelator and monitoring differentiation of said hematopoietic stem cells, wherein if

differentiation is increased as is compared to non-treated hematopoietic mononuclear cells,
said transition metal chelate induces differentiation, whereas if differentiation is decreased as
is compared to non-treated hematopoietic mononuclear ceils, or if differentiation is absent

altogether, said transition metal chelate inhibits differentiation.

41. An assay for identifying an effective hematopoietic stem cell expansion agent,
the assay comprising culturing hematopoietic mononuclear cells in the presence of a
- compound selected from the group consisting of:
a retinoic acid receptor antagonist;
retinoid X receptor antagonist;
vitamin D receptor antagonist;
agent that inhibits PI 3-kinase activity; and
a nicotinamide analog, a nicotinamide or a nicotinamide analog derivative or a
* nicotinamide or a nicotinamide analog metabolite,

and monitoring expansion of said hematopoietic stem cells, wherein if increased
expansion and decreased differentiation of said hematopoietic stem cells occurs, as compared
to non-treated hematopoietic mononuclear cells, the compound is an effective hematopoietic

stem cell expansion agent.

42. A hematopoietic stem cells collection/culturing bag supplemented with an
effective amount of a compound selected from the group consisting of:
a retinoic acid receptor antagonist, a retinoid X receptor antagonist and/or a Vitamin

D receptor antagonist,
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nicotinamide, a nicotinamide analog, a nicotinamide or a nicotinamide analog
derivative or a nicotinamide or a nicotinamide analog metabolite; or

an agent that inhibits PI 3-kinase activity,

which substantially inhibits cell differentiation of a hematopoietic stem cells fraction

of hematopoietic mononuclear cells.

43. .An ex-vivo expanded population of hematopoietic stem cells, obtained by the

method of ¢laim 1.

44, A method of preparing hematopoietic stem cells for transplantation into a
recipient, the method comprising:

(2) expanding and inhibiting differentiation of said stem cells by culturing
hematopoietic mononuclear cells ex vivo for cell proliferation, wherein said culturing is
performed in a condition selected from the group consisting of:

reducing expression and/or activity of CD38;
reducing a capacity of said hematopoietic mononuclear cells in responding to retinbic
acid, retinoids and/or Vitamin D;

reducing capécity of said hematopoietic mononuclear cells in responding to signaling
pathways involving the retinoic acid receptor, the retinoid X receptor and/or the Vitamin D
receptor;

the presence of nicotinamide, a nicotinamide analog, a nicotinamide or a
nicotinamide analog derivative or a nicotinamide or a nicotinamide analog metabolite;

reducing an expression and/or activity of PI 3-kinase; or

the presence of at least one copper chelator or chelate,

thereby expanding a population of said hematopoietic stem cells, while at the same
time, substantially inhibiting differentiation of said hematopoietic stem cells ex-vivo; and

(b) isolating said expanded, undifferentiated hematopoietic stem cells.




