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The inventors have also developed a method for the expansion of hematopoietic stem and
progenitor cells from umbilical cord blood that provides a significant increase in the number of
hematopoietic stem cells and progenitar cells available for transplant from a single umbilical cord. A
single umbilical cord yields enough stem cells for one bone marrow transplant, typically for a pediatric
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potenti a

or tlypxca o% %15 region and they integrate into the tissue in a characteristic tissue pattern.
Expanded hematopoietic stem cell and progenifor cell preparations of the invention may be used
in both cell therapies and gene therapies aimed at alleviating disorders and diseases involving

hematopoietic cells. The invention contemplates & method of treating a patient with a condition involving
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potential to form non-hematopoietic cells produced by a nethod of tcoh‘gm 006
i nvention that have the ability to 35 magrate and localize to spé I |c2
regi ons i nwa opadsbgnt Where they differentiate into nonyppgidionrristic cells
typical of the region and they integrate into the tissue in a
characteristic tissue pattern. Expanded hemat opoietic stemcell and
progenitor cell preparations of the.invention nay be used in both cell
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ar | include a targeting agent to target
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busi ness. Sti PR PUPTHEP R T RRARAPT B T SPR & PB S MR P ore &hduct i ng a
stem cel | busWrdssec hapslifitg digeniton finpign ergerivasof ciipihe hevehenaieqtiel i fm

pr ol i f er atasonhematbfofetia a@diioh-Adma®pistid dilboOf thadiventior. Agidenttiied adent(d)f carce Fmgutatefiat have
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invention. An i1dentifi.ed agent(s) .can be fornul ated . .gﬁg&gutical
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effective amount of an agent-identified in accordance with a method of the invention to apatient: with-a

disorder affecting the proliferation, differentiation, function, or survival of hematopoietic or non-
hematopoietic cells.

35 The invention also contemplates a method for conductinga drug discovery buziness comprising
identifying factors or agents that influence the proliferation, differentiation, function, or survival of cells -
that have the potential to form hematopoietic and non-hematopoietic cells of the invention, and licensing
the rights for further development.

The invention further contemplates a method of providing drug development wherein a celiular
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produci ng cel| R GORNBE i INSaRQEPrising cells 15 that have the
potential or Tncre formcells capable of differentiating
into cells of nul Thyipentiop yill gerebedeppribed imwsktipn foshediawiogs IgféPdi n vivo, or + .
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growt h and nei ntenanceor LiTi ste ereé s an increase in Litf
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from bone rar F&HIExHFP 31 SLID nice engrafted with FGE, SCF,
Figure 4 shows the changes in cell population with time in culture, Initial increases in CI)34

cells oceur in the first 2-3 weeks of growth but then decline. CD33" cells increase rapidly suggesting that

-

existing cells begin to express this marker. A high proportion of cells is CD45".

35 Figure § shows the results for transplanting NOD/SCID mice with cells grown in Fgf, SCT,
FLT3 ligand for 8 days. Expansion of the cells is 3x input. Transplanting the same number of cells per
mouse resulied in comparable levels of engrafiment.

Figure 6 shows osteoclast cells. Lin" cells grown in Fgf, SCF, FLT3 ligand for 4-28 days
produced osteoclast cells as determined by A) TRAP positive staining and B) resorption of & calcium




30 FLT-3 ligand cells or day O Liu cells. These cells maybe 2006
stromal -1i kecells. This supportsthe observation of stronsl/ rresenczh[{'/r[iim
cells in tReoHeskdssir es. Figure 4 shows the changes in cetfycR@pyd@ti on with
time in culture. Initial increases in CD34+ cells occur in the first 2-3
weeks of growth but then decline. CD33+ cells increase rapidly suggesting
that existing cells begin to express this marker. A high proportion of
cells is CD45+. 35 Figure 5 shows the results for transplanting NOO SCI D
mce with cel kﬁ %é&%m‘tﬂ& Fsgx‘.:ce f§%and5ﬂﬂ'@,}-l i gand for 8 days. Expansion of
X

the cells is Trans antl n nunber, of cel nouse
resul ted in corrpaF F%ShP‘@\PéT f‘“"éffﬁ%iﬂ%ﬁ?ﬁ B e§5ﬁ15%5 cleg?'%%cl ast

cell's. Lin cdlchmin ginowlis grown oyt daysgemme deqpihgpotifivg epdefermiged by PO Thegrells B duced

ost eocl ast C@akdafive &5 malfé MiiseR maidsby A) TRAP positive staining and B)

resorpti onsof 8 call i R W EhARADRRSS RoRCT) CARY/QUOHS i 1 at ¢
posi tive cel I?W”E&ﬁ? g(gl{;%%mglé‘fnﬁ’g’ ﬂg]%s%’ﬁ’éﬁ%“ﬁ & opr o ﬁ‘gwgﬁmlmsc%enggw%]ar ker,
Desmin. Lin ceshled ingelspgsitiveder Mpsls ageeifiqpaiinand Mppdd Frer %%ﬁnf’weég &SP ni ned by

PCR These cahis@enizekimya-D. negati ve for mature nuscle markers. 5 Figure 8
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| ose Fl k-1 alglmélt’daﬁénélttgg ehs”c%svfaﬁéfa%ﬁ °ce %ﬁ{é&%ﬁl\en&%@) ﬁllg%ﬁ%@same
celI's pl adéd ‘i“?Fda(APrﬁ‘tdra?ﬁP“\ﬁ)P]Ia“@’PW netvvor k of vessel Ilike
structures (B-F). FigngllsbowkBepgibrotesioCOBE c@bﬁﬂ&@ﬂﬂ@h@l@b*@dﬁ&#ﬁ@@ﬂ@@ Hi gh
nunbers of CORds RE®DRCD K6 chgafttidith Riehan TIH B B2 Hirisd ol Kifd beinteDsEiTlay.  Cel | s
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in nunber than th&igsi3fhowsesrpratsdeftediy kel popgeion. BWGEJHWE*‘F‘?W‘BW‘EP“% t he
liver. Noké& ohakeh@FAPOUIES fiGipkdws in(Ret, 8O FTAEandbP@Odasmet ltesdeigot e psBncEMP1A2.
Figure 12 shoggapdierd munohi st ochem stry of engrafted nouse livers.

| muuohi st ochem st lver sections. wit tibod ne.
Positive cells WerPr [ ?Sho‘fs “8“”‘#"5 ﬁercef l&m clo mwn&)Ar?il)@%sea?d’et &“gtﬁ‘ the Lin
popul ation. LPRER T arenegati vef orthe astrocyte 2S marker GFAP unl ess
first grown in FgfFigu@CrshovsltiESuubgrrrbeniR@Risnakllydadcetipreanreio Fafi 3 apt esence
of  GFAP nigNAprsFightd iR fidkeSitko WMER R Al pRRSé fof MRofRlechtSnd Baith. TR lalidiiog6OWN f OF

7-14 days ar eReRigcﬁc atcfd &&) Iegl'[ts npﬁr&tﬂ{e ?oxme[ﬁgm'?heg&pfnc;ﬁhd with further culturm;f;; nenrofilament
positive cells. RA kills off the non-neural cells in the culture,
Figure 16 shows adipocyte positive cells, Under the same conditions that result in osteoclast
growth, adipocytes can be detected. Sudan IV stain was used to detect adipocyte cells in the cell cultures.
35 Figure 17, Lid cells were grown in FGF, SCF, FLT3 ligand for 0, 4 or 8 days. Cell proliferation
of ~3 x occurred over the 8 days. 500 cells/assay were used and colonies counted afier 16 days. There is
no significant difference between the three groups. This indicated that the expanded cells are equivalent
to the untreated population,
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culture. Figure 16 shows adi pocyte positive cells. Under the sane
conditions that result in osteoclas growt h, adi pocytes can be detected.
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by most preferably 99+% effective. Therefore, @ method that enviches for a given cell population, enriches at
least about 20+%, 30+%, 40+%, 50+%, 60+%, 70+%, 80%, 85%, 90%, or 95% of the targeted cell
population, most preferably at least about 98% of the csll population, most preferably 3bout 99% of the




whi ch cells, preparations, and conpositions of the. invention ar edzdrgl i d
to the site within the patient 30 where the cells are intended td. QW@W
a favorablwogidsssh, such as repairing danage to a pati gefcSelcisssues,
treating a disease, injury or trauma, or genetic damage or
environmentalinsult to an organ or tissue caused by, for. exanple an
accident or other activity. Cells, %gr_epar ations, and conpositions nmay al so
be delivered in a renote area of the body by any node of

Body o of oot Pkl bl bl Bl B0k oP bR fblRp Rl SAROMBIA of 88 2T on of
cells or a né?vﬁ%anwggﬁesﬁe’gmhggf‘%%@f@% cAd %lia}glycﬂﬁi%%'ﬁ%%‘%ﬁe sglg_gtgefo, 70+%
80+% 85+% Gohwlimeps, aofiularcenpetion phike invepiencompriges apeatinly colly wihdbegeterdiglon/ o
effective, rshsedpaded alfdny ndDdribopoiait éeBct i ve. Therefore, a nethod that
30506 50+04 10q - puA s puBB AR ik g N bl By oo AL A O [ S0
(0 (0 f U . 9 .Or 0 e. rgeted.c
Sopul ati on, ABLEILE ea%i:%?ﬂﬁs T e R TR
preferably abefith gereeifa ppylation orponystionobrslinfariparigiyfoed bl marpE B 79 cel |
popul ati on. |whids &thgbenssefiiboil nnenBssulshstiaityiet @subsnmifstly porifed & vet ahiensted 0’6 poi et i C
cel I popul at i@, R:%uﬁtﬂ@are merw%émens, fefa R feds 5% SRR Edafi- 4t Mas(eb¥ And elren cnfre ABC
cells, or 18I’ efre?e(‘a?l Lt)&%ﬁ"?‘laée'ﬁée%-fo Cce SI !u*i C%lal %uia ioI;l 09:50 Jsiti e&?éﬁg'c%ﬁ@t S, a
cel lul ar CONPOSTEY Bn*0r TRE& Trvent \on conprirees Bssentiarly cells with the
potential or 2FHKbeyeErasEethk bt pre vd ey A ieRH- hemat opoi etic cells. 5
"l sol at ed" or " pulThdfigotlestzefvibfigorteceptad’ orERGE aetdpipr” brhEGHATYeforeth proteivs thafbindm t he

._} nat ural st at ok faity ARMIDir8HEh fadoPiBbhndQ &6 WhrSblakt Browi@ baktéreF GFpradi® Thi@eh irduddsS ol at ed

when it has v M. i, Qi Vi . I'n an
aspect , a. ponit A Fakgeaeh8Bd Sl B QU M PO " 21 ¢
and mat er i-al SoweTFecrsEA R FEFRIat FRERZpind addicTORGOT g hapi HOEFOR MU §8E ant j al | v
free orsubst aaffinitallDFGPRY hifdiFEH! g FGRd fetikfzf wvith redete Giaatliniy, while F@BJ bihdt iron ar e
the target ceb by Fqrl efiecabiiy, 191 Tht RRsdso 4d8kpasiR FEFH| BiMRI 6 IPLyR 1Al FdFRast  80%
and even mor &, 300 kel @iy ofd%g;ivf. %2)€dEs€rib§nE§tﬁobB£t Gtorafid he- - - PUrity
of apopul ation or conposition of cells can be aSsessed by appropriate

net hods that &F®™wel | known in the art. The"fibroblast growth factor

r ecept or " 8P" FGFr e dbpifigrreqanior * RO FIefer foeraiging bleveind @ Sty 9f Aacterdyacldedmi 1y of
rel at ed gr owtdrodird Gdnase lrdcepiradist cdnfaip fivd BEphliaSimaiogivttutn {Igdkodopbid-padfam.ly. The

term i ncl udesatdiarfyRithekffEachhir@RNRIN RANAT QLo L4s-83 (DR ki asRs (12,
50), and vaa__%g;tmg é%%r (%g)}éél@l ch %ﬂae cell 15 bound or secretedforns.
FGFRL and F i RG4S O PTG andbasi cFGF/ FGF2 with sinilar |
affinity (13). FGIRsts cabfaqueiSeF) sqeptor Gpwnyms SO Wi S FHecrrmE o4t BB hi gh

af finity, 26hi (i), FEeRS:d i ingBsmamemigamt §f bibd@HEnm adiighnfFigindod¢db the frgi)-onkddaecititer m al so
enconpasses RehRBe sifdvAlB a1 (Frf R tbiew 6eRG factorNd FGFRI 9. See Moroni E et al

{20 o T Dl e BN ot

receptors. 20 The ésp roterns bel ongi ng

"to a fanily ofethyapens rrtmpntf discaspspr dygrdes. gRosdgngene B rapsferied inea el PRy cont ai n

five extracel b iheinceitriransrest ghe ihrpughof tige)celtppuitiod Olireréfre clisrdd epppositions of the

intracel | gbarhyeh@sindg ki 00 el PRk RaktNBidct 16 willl producPi@6us Rk whifcadl. Sci .

91: 459- 463 ( o%ﬁﬁafl;iexﬁ?mgo&fﬁg%%“d DO and Giffin JD. (53) for a review of
ce acto

FLT3. The ste ) LI ecept or [synonyns: CD117 r'o'gﬁgi ,. SCF
receptor or c-Kkit ASETRPy hempppqieiesefls” refers tq cgffs fetapagpto fo haprdision nbr ane

of bl ood st em @8, ingudipngdells of teerigebiad] byeldidrad pyibrpid lispeko eemplay kamptopofedBylls See
Smith MA et aincliddHematbsdictibstet@Mis, @iimadial SineddlsCeay prop@tdr @fls, Chidones, dyamapy” refers
to the traasfgh, 200 SbANE] hAREY hi@ha Bz BB GBHEE nbne kA FRL b kiRl 0 cel |'s

for umbilical cord blood cells, stromal cells, and other hematopoietic precursor cells thatare known to those .

of ordinary skill in the art, The hematopoletic cells may be obtained from fresh blood, reconstituted
cryoperserved blood, or fresh or reconstituted fractions thereof.
The hematopoietic cells (and the cells in the preparations and compositions of the invention) are




the therapeutic treatnent of diseases or disorders. A foreign ge?%: @ 0
transferred into acell that proliferates to introduce the transferr GZ%Eene
t hr oughout wolagoszedel popul ation. Therefore, cells and ceppeabdoeds of the 30
invention may be the target of gene transfer, since they will produce

vari ous I i neages which will potentially express the foreign gene. As used
herein, "hematopoietic cells" referg to cells that are related to the
production of blood cells, including cells of the | ynmphoi d, nyel oid and

erythroid I'ingages maﬁ%ﬂﬂﬂ&ﬂ@ﬁﬁ’m%ﬁ%ﬁ? @Bbe% drdprifafRd, ﬂ)lE rabbif) %@Mﬁa@@m etic

stemcells, pr| 7 di al 0 EJF ells,
early |ineagd™®3® %ﬂ%M8¥PI%§§%%%%I °“ﬁ§gfp%1‘%mp?1§a}‘ﬁ%ﬁ ch%b er yt hroi d
| i neages, borfenrdyspshidednjadplescpit 9t a@¥| | s,  unbilical cord bI_ ood cel s,
stromal cells, and‘h@idaelEsmmmcaﬁmbmatﬂamoﬁﬁ@am tss@ilicalebrit idoot] (LB FEmbilivdwn t 0

those . of CEqu 'bﬂ@d'”%erél%ﬁy r&feré t bﬁ)nﬂﬁ)b%gd ﬁ'mq; hemehaiat fRones br&‘en@cﬁénlb@dlﬁﬁﬂ be

obtained fromf{r.e nstitu cryaperserve [ fresh or
reconstit ut ed’m}’ ?fif?“gh%"%r Qt’?‘m‘? i&g"ﬁ%{%ﬁ%ﬁ T ROSEP €=196( é"‘"% e cells in
t he prepar at i #spatongiste %ﬁﬁ%ﬂﬁqw ofpr sevpral ai“’ﬁ‘\?"é‘?‘it*fi"'ﬁﬂ‘)gleasr%"a?"e@ seie 806 WO

03/ 055989 PCTésRAGR! 28t O:rsBs host {VH) pactd €i9p e yse riuniitidal cond blowd|alsselimmgeséhepieef er abl y,
the cells ar eofﬂﬁrlaﬁ'@ib%ms d@hgxxrcéﬁgpdr}onlcﬂéﬁgaells%mdrbﬁg@rﬁﬁybé@taﬁedbﬂraﬁ‘ectclfwnag@nuse) in

origin. I\/Qﬁt efpomglz &b g fl:P( neegle aspnia!n:{% from o %e QeH%EP }a&cghta%{: &;%Lc{i' audliraﬁteﬁgc{%p poi etic

cells riay b ar ne w2l an adul t .
The nost desirabl e‘N%“d‘ﬁ‘Paé@‘?S‘FTeﬁsemﬁ%dFrﬁ‘t“tﬂ?B‘?aé?‘i%1YE‘E‘}°F1§ ipclodige iyt ‘i°f #3°d ®or dbl 0od
_(UCB). "Unbi |iused cellneqd redls, iplipoeytds, ostyerives, eptebbjasts, efdeshetial tells, hwyid.palreatitadlsd from a

Jneonate or f efpSxoctkdordnddtiiBd iAo RITRAE I Hnal colls Bk dciveibue &1, doritbioa T ef ers
- to blood obtal |n§? cﬁrmthe unbi | i cal cord or placenta of newborns.

Hemat opoi etic ce 51 s’ Obt ai ned from UCB of f er_sever al advanéa es | r]cl udi ng

| ess i nvasPve col I“EEF FMtiteppteptial priaceasedrpteptial thyforpmon-fempatengietiq ffls IS cact i on
(19). The us epraffabbribérhafopaidtic exliy; eyl sbaytkt dekst one ehenafipis shaageristiyef Yrarly sege Hetvan
enbryos as a 1eauieRticodl (85, ftuor,5# PiFtnti& hdnSematopsidicdalisy ad peraybllageagtloicai; ned by

direct drai na&gl %’8 Jh&&mlskagmgﬁr%nﬁgwcgﬁ SLQH h&%@ﬂécﬁw@é&h&éﬁ ﬂl@lﬂeéxﬁl@mnt he

dellvered pl acen | sten top0|et|c

cell's" incl ua‘g WSHBI pé%edf’s?ﬁ%é)%?BWTWSW?{H’E'ETt‘Tp?mﬁ (ﬂr Q]yﬂ" °gbaJN’t%mh°o‘§°gT°| "fited to
muscl e cePPs, mpmauptogical,opfuicional ghapqirgstigapesific forss palyiaE gL Bematﬁ@te@&{)‘l"%@ﬂ’ onic -

endot hel i al Ceﬁalrdcﬁll [e@0cHRAsE BBcIREROIy@at Antige-@ (ISBA3)(@d/g Stagepeiitic rﬁabmmc :

endocr i nepancmggnl,lqsgﬁgu s) reti nal cells, renal cells, 6ornecti veti ssue
cells, corneal cel

i ncreased pot enti alltgnP °ter“t1a1 °r6“ﬁreﬁ e‘?vm? Bl 1%13{ nmgﬁcén gf"fo\%c ‘nlsfm Fet ed%95+

preferabl y hethiinBpbimeopoetivisliand entichiag *hescﬁlﬁ\ﬁf’r tmajopoigd st el RbRTeReRisT €l

char act er i2§t i onefima riealtd herepheigsichadirmatopoigtic cell plpaisnt)OThe ®to "geng eelld” r¢fs. 9. st em
precursor, Oryo mdqg@ma&wensmﬁﬂwh@mf)@g&tﬁw velinied ﬂr@p)lgatioﬁ Bither BfoRh: 30 of oAl | €3St
one phen ot Y P&, aEJE?Paﬁe oF %ff ﬁaﬁu&% oth%@e '¥1$E£h%§ceﬁ’s% st o B BRLRQL YPI €

?characterlstlcs ca one or nore RI’OtEI ng s ECIfICfOI'

early stage n®H éﬁférf’ﬁﬁﬂ? %’E‘F"E??@PIF %ff‘“i‘i‘?’ differgiRiien t e et <ol ot NRBISGi%cal . 20
i mrunol ogi cal pesigye sélestianmietovia knowihia tha art e fegtel Hsquadinéng of tifeherptopeietic kefis.-dprage
non- hemat @poi @@hﬂ@ eI caDBeRHA BAQMbnCeell SRS AnfRis Iusn{ga fgores&cte dotivaloll agyeorBpeci fi c

- Enbryoni c Ant / ionfitlgen- 4
(SSEA) 1. ot PR P BB ose“?%%%ggs ?ré%?s (AP RS ol

non- hemat op0| %?PP%}‘S%W%W%‘F@%‘FWB%B‘EWW‘ =8Bt ai ni ng henat opoi eti c
cell's and enri chi rigatdyectoithdinyenfieyy anjorsicleet tppesprofeticselprepamtiends trayidegydierpie Byeni t or

cells cells in the preparation are characterized as follows:
35 (&) CD45'HLA-ABC®
{(b) Lin;
(¢) stem cell factor receptor +
(d} FLT3ligand receptort;
(e) FGF receptort;




25 (sonetinmes referred to herein as "enriched hemat opoietic cell
preparation'). The term"stemcells" refers to undifferenti ated cedi § dUN g
are capablwo@fossssentially unlimted propagation eithepetpadloid®, 1N Vivo
or ex Vvivo and capable of differentiationto other cell types. "Progenitor
cells" are cells that are derived fromstem cells by differentiation and
are capabl e of further drfferentratifn to nore mature cell types. Negative
and positive selection nmethods known in the art can be used for enrichnent
of the hemat opoi etigccpfl s. For 30 exanple, cells can be sorted based on
cell surface anti g@ﬂg Asing a fluorescence activated cell sorter, or
magneti ¢ beads wh I ng ceI s with certain cell surface antigens (e.qg.
CD45) . Negative se@eEP?%n colums can be used to renopve cel s expressing

| ineage specific Suré etednantiagerided Henaidbiet SIEEdparitibn s pRvIdANCOBIrSBA cellAN

enr i ched h@a&@@@ér@éd'bﬁca%&ébi?&‘%é?%,%'aﬁcﬂce)' ﬁa%&&my% Wdehe, colls 1n the

preparation are char \BC' ) Lin;
(c) stem cell fact%r ¢ \@8‘%“‘%?%& rﬂpf'—rﬁuf’?f“ly S°reél% %‘kam M’F%é
receptor+ 20 P RE? 26’0%’"’ 4pH}44BYBY cpisTI "2;/99%»9’?‘@ 93%=1‘£ 999('15*?111 @ﬁé@m‘ (9)
CD38' and (1e3epBB3 3%, 3D%, 90, 98 196H) onesmiFlt1iimd etepios | 6ak, BeRRQ PN, 08%,6r Cel |

preparation i smp rremeéiﬁmemay SRS at 1ést9d3@%%§££eh¥%asb%.sﬁﬁbm%ﬂd (b)
or (2), (G {5 s lPlos A0 901 10N Ty (D) (1), (aj. &/ or ()

enri ched hemat opor et |c cell reparatr onmay. corrprr se cells that are at

| east 70% 80% 90%% g%ena'fhedg@l%mgﬂrfrﬂrs/srlvmelﬁiprweeércrr@ns% 80%
- 90% 95% 98%011®riug99% stem cell factor receptor, , 70% 80% 90% 95%
}98% or 99% It 3l | g@nmeraeeept:msceus preféri 60 30845, A0V oreiSal 658379000 br modd 0
FGFrecept or +, andi t ”ayerB-Ldl ésy%?pré@eat | east 50- 80%D34"cel I's, at | east
50- 800/&:D3%_ 10 ce %10 o 0% CD33'_ cells. In an enbodi ment ,
an enrichéd cell gop ‘éﬁsr A”c?fefefaf’llesf“ﬁ?/éﬁ’fﬁeB‘FfﬁfbysﬂrU%%fd’m%ﬂbﬁbP‘gﬂq{‘g t he
followi ng: (a) at | egfdhe gdi(En8ED33@ed ¢3S preferably 60 .to 95% nore °
preferably 65% t 0 (§08iea® EOATIBY, prefefably Brtaudhy mab@dtao % (IR or o bieferzbiyl 5 ( b)
about 5 to 50% pref g,r,@lggo,yé)g ]%5% nor e pr ef er abl y 5 to 15% nost :
pref erabl y about 3#% St ;ae /(fQ c% at | east
50%C0347, prefera e é’%"m ?%5?@ 8‘?%‘??%?‘3’%% (d"%@%ﬂaﬂﬁ’?ﬂ’é 0%

pref er abl ¥0 about 35%@&9 in (@3 [ate D37 @) CRBO e 1B rereninge Kglls rearferstivebforyalls t 0 25%
nore preferably 5.t pheb®foictmst suppceaaibtzeabl y about 10% 20 of the cells.in (c)

are CD33' or- CD38')amdutls %0%,%3,% Heh 2% | ot pl%fel%blgﬁg EA }ﬁgst Itr&gra a{:nou 5%

hemat opoi etic cell sur e ntigens; about 0% prefera 5to
25% nore preferably 5 % nost pref erably about 5%
()~ about 20 to 60%, preferably 25 to 55%, more preferably 35 to 45%, most preferably 40%
25 are CD38".

The enriched hematopoictic cell preparation can be cultured under proliferation conditions to
produce cells that have potential orincreased potential to form differenttypes of non-hematopoijetic cells
and tissues. The enriched preparation of hematopoietic stem cells and progenitor cells may be cultured in
vitro or invivo, preferably in vitro. The proliferationconditions are those conditions that give riseto cells

30  that have the potential or increased potential to form non-hematopoietic celis and tissues.

The proliferation conditions involve culturing the cells in the presence of one or more positive
growth factors for a sufficient time to enable the cells to complete sufficient cell cycles to develop tissue
potential or increasedtissue potential. Positive growth factors are growth factors that promote and maintain
cell proliferation. Growth factors such as TGFf and TNFa that promote differentiation are not suitable

35  for use in the proliferation conditions of the method of the invention. .

'The positive growth. factors may be human in origin, or may be derived from other mammalian
species when active on human cells. The following are representative examples of positive growth factors
which may be employed in the present invention: all members of the fibroblastgrowth factor (FGF) family
including FGF-4 and FGF-2, epidermal growth factor (EGF), stem cell factor (SCF), thrombopoietia




are CD33'; and (f) about 20 to 60% preferably 25 to 55% nore p gfﬁgqpﬂy
35 to 45% nost preferably 40% 25 are CD38' . The enriched hemat POl g
cel | prepayalseReggan be cul tured under proliferation ceggichiRiseto produce
cells that have potential orincreased potential to formdifferenttypes of
non- hemat opoi etic cells and tissues. The enriched preparation of

hemat opoi eti ¢ stemcells and prog_erilztor cells may be cultured in vitro or
in vivo, preferably in vitro. The pfoliferation conditions are those

conditions th 0),%L‘f% ghnd ShtQief&ld G-3).3Merfeldtls (B %e&ah‘g‘m&ﬁ”fa@ﬂld\rét %Gﬁ ncreased

Dol 1 ons. | PR BRI HEVE Rt -G Hohe d“ e RS

positive gr @WbW@F@ffb?’BW#@fh%ﬁe@meﬁN@e@niheFhsql?@tof)ﬁcé"nabl e the cells to
conpl ete suffi ci eriefeaity the Riiaveqowtifacthe\oetompindtibS & igvwth [Foios rasel &l the present

i ncr easedt b S SgnRPiaRlobiat ,a RS (O RIS ad REO1S: asnece@fa@ae@shmfmor st hat
F

TNFathat pr QBT PR L e

e PR dty P a8 Gt da Rl L1 2N
prol i ferati orEr@riaiar (N mbedimentyefihs dentign, §GFde 5. ﬁ@%ﬁ‘t |F@Fr2) ispysed "B‘B§Ff| ve
growt h, fact ahdFITYibed; HGFRNsed RIEOTPOYIrTPO Blusetiyh SOF atleALITMgehdf r om ot her

manmal i an speci eg, éﬁ"&@&t&@}k&ﬁ&n&@hé}%ﬂﬁ@uoﬁ%ﬁ&ns Jsl%ﬁ/e fisl |FQM RE¥GRE SCF

representative npl oyed
in the pr gé e nafld ﬁ.ﬁ‘gll%d?o &irqcpareuP];Rt?ar co%osmgls to Proiluﬁeno%— et;c c%lg such ﬁste?aaét or ( FGF)
fam |y i ncl wdpehlgst-sely ceffys epdptigfial pells, é‘Eﬂafﬂﬂé’Fehﬁﬁm’“g‘%W °F1§CF€/P”(’JE@5 st em cel |
fact or ( SCF) ,andilier aspebichp giokftratian @ndBiods Advl 2G6ite THO, MIM-%%ﬂGM@A@Zﬂl@&WQ - 12
(TPO), FLT-3 dohbeichs td fbdel iottieRatshoterle ol )such | 49 leRith ik Kdell: B fobther Gdpect ABUT al

growt h fact orpféhlégfgéamﬁg@s ol mg&qeggcﬁ HBAORNASS AN BoFAGHOE GV CSF)

HG-, Hex fam e 1nvention the
cells are EulWﬁi’eé’dt"]i"’i‘?““t‘ﬁ]@S‘é?b?é‘l’ije@d'ﬁlf"e“E@? “Breferably the positive growth
factors or conbi ndbd wewiokciay matbh uskdis corbinatipg evith pqual tnfelar pr mresleramonn® 4fgvent i on
are fibrobl asdy cg&@mg@caﬁﬁaia@nep&%)te(e g. FG~4 and FG--2), 1L-3, stemcell

factor (SCF), FLT3g, é{&gst | %We%%%&%llﬁ%@l&sﬁpg be IQJdﬁdQ&‘ 3 C¥dnBinant DNA

macr ophage- col on neural, r.o factor
(NG In enﬁﬁml%éﬁﬁ%waf#df°waf%rsﬁ%ﬁf o rempig i s iy s 37,0
with SCF Zanoheﬁawndmlsgalm%formplﬁ,ﬁewdl‘mghamm@ ), GauenepiCiSpush Satrgpeipt ' SCF
and FLT3I i ganghlif)] Amg (BHBEE D] Calit)RATNYREs| (TAnchiobs, Min) kridedrdink:08eatigndi t i ons
i nvol ve usi ngWE; Sé]me owﬁg:t'ogma)%g?unﬁ&iq}oﬁraﬂnu': e bnd 3 df&ﬂqgesﬁ)?stﬂlﬁﬁpﬁ&ﬁem@@ lLul ar
conposi tions Lo @ is It eﬁgﬁfogﬁ? Fav ﬂ%bm;o caic i3 R@ ¢

ost eobl ast s, u%I‘I SR GBS s P viRe s &p StFo ocy ‘&s,
neural cells, gﬂa‘ﬁ‘bfﬁ‘é?fs (aghrﬁmpmquwd ormtﬁ@*ﬁo%wedf% “iﬁ?‘(ﬁ‘lﬂhi‘ﬂfﬂ?rs@{“i on
condi ti ongsi r‘anmkcmoﬂsamgnn?ﬁPO SCF and FLT-3 ligandto prepare cellul ar
conpositions to pr&@y&@ve&%tmﬁggamegb@ﬁfa&or%%!;eh&t&t&ﬁmueaﬂ&edﬁﬂd@&la@blﬂﬁl cells.
Aot her aSREChddiS AL ELALALS 0% CARCLLLRNS, LONG) £E L3 AORG, SCF.  and

FLT-3 to prepare ce 0OSl et c

“cells such as®eéndif: e T gf?é‘thI fé"mﬁrmdﬁ‘t’éq‘ysapphﬂ]@ SEFFSRE Hte‘fvﬁtf"d}“’émﬁali}ghbe used

i n combi nat i omolifratitn leglsiad mpgtnance g sigr @hpleriyanbandmbodifienithe géwicidarrenogl ycan
such as hepar dpplie&ithdt als Gmes (i Ok preft6lly 28 Smddpy whte, commerci al 'y avai l abl e or
can be produced byﬁh.!;&ﬁ&m&&ﬁﬁ%yc%sec&ﬁﬁ&@d&hkﬁﬁ néhgs? Uﬂemédﬁﬁl, dr Gu¥3id OUS

degrees For exarrﬁ) tors are conmmercl a

aval | abl fom 20
several vendof®& ¥ B‘ﬁd‘% Exqmples Xy Bnditegst Ay (nﬁleﬁ QMEMNﬁrngI%

Genent ech ( SowtditioSalrwit prabrponis ftupblast cells (e.g. human embryonic fibroblast cells or mouse embryonlc
fibroblast cells), or equivalent medium. Examples of suitable non-conditioned medivm include Iscove’s

35  Modified Delbecco’s Medium IMDM), DMEM, or oMEM, or equivalent medivin. The ¢ilture medium
may comprise serum (e.g. bovine serum, fetal bovine serum, calf bovine serum, horse serum, human

serum, or an ariificial serum substitute [e.g. 1% bovine serum albumin, 10 pg/ml bovine pancreatic
insulin, 200 pLg/ml human transferrin, 10°*M B-mercaptoethanol, 2 mM L-glutamine and40 pg/ml LDL

{Low Density Lipoproteins)], or it may be serum free.




Calif.), Amen_(Thousand GCaks, Calif.), R&D Systens (M nneapolis, cgl\{) N 2006 .
and | mmunex (Seattle, Wash.). Some growth factors may be purlfle from
cul ture negpaz@kessel | |ines by standard biochem cal tg@epphawese Thus, it
is intended that nolecules having simlar biological activity as wild-type
or purified growth factors (e.g., recombinantly produced or mutants
thereof) are intended to be used vmr3h| n the spirit- 25 and scope of the
invention. An effective anount of a“positive growmh factor is used in the
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25  techniques based onone or more of the characteristics of the cells of the composition as deseribed herein.
Cells with the potential or increased potential to form non-hematopoietic cells may be induced
to differentiateinto cells and tissues of non-hematopoieticlineages in vitro or in vivo. These cells may also
provide hematopoietic cells (e.g. stem and/or progenitor cells), preferably an expanded ligmatopoietic cell
preparation. '
30 The cells with potential or increased potential to form non-hematopoietic cells inay be induced
to differentiate into cells of non-hematopoictic cell lineages, preferably cells that exhibit morphological,
physiological, functional, and/or immunological features of non-hematopoietic cells. Cells from a
differentiated cefl preparationmay be characterized by expression of genetic matkers of non-hematopoietic
cell lineages (e.g, markers for muscle, neural, adipocyte, osteoclast, 6steob1ast, endothelial, astrocytes,
35  pancreatic cells, retinal cells, renal cells, connective tissue cells, and hepatocytes), or physiological,
immunological or functional characteristics of cells of non-hematopoietic lineages. For example, non-
hematopoietic cells can be screened for expression of tissue specific markers such as Myo-D (muscle),
FLK-1 (endothelial), glial fibrillary acidic protein (astrocytes), glucagen (alpha-c: cells), insulin (islet-B
cells), somatostatin (islet-8), pancreatic polypeptide (islet-PP cells), cytokeratins (CK), mucin MUCI,
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35  replication defective retroviruses, adenoviruses and adeno-associated viruses), Transfection is easily and

efficiently obtained using standard methods including. culturing the cells ‘on a monolayer of vitus-
producing cells (20, 21).

A gene encoding a selectable marker may be integrated into cells of a cell preparation or
composition of the invention. For example, a gene which encodes a protein such as B-galactosidase,
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expression by non-hematopoietic cells of certain gene products in vive. These genes can be, for example,
hormones, matrix proteins, cell membrane proteins, cytokines, adhesion molecules, or "rebuilding"
proteins important in tissue repair.
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cent ri f ugedf ertomiefr anilysist Qoglieppics (FovttergBurligien, CaapfRloleapprecoptiols Mrarpysedin dhrass. | s

col | ect ed andiithemyle es labéllke® fop @l-doahinths lay4'S,piashad mg fiatd id 0% Morgalfoprs O m nut es.

The pellet ig.teskshRendegdn 5 M of IMMand 6 volunes of red cell lysis

buffer ( | um Chl or i d ffer). After 10 mnutes at roomtenperature the
T el B i Eitiee &

cells are in PBS and either cryopreserved or
resuspended in cofafmlsmebylcelivierbmpdselpny @%P%dﬁ‘ﬁ(%?ﬁce,&ﬁ?cx@géﬁ?%?deﬁbeﬁ or ned
on ice. The aediim is&khatd tnasw priogivepeynitec it H448INIelsOte alatdit 199 0% cdler um or
FBS/ 10% DVSOpe; Wit biQnefiud bl 19660060 NS 58 3 ol @ Z8Ini26 norSsatEaRl G110 X1 fbiddibdd Gert hE, SANDI €
in Nal gene c{at\é(?)i\éldlghsate(ml\éaslc({gﬁgted;yuﬁcﬂﬁgcQ%ter, NY) in a -80 C freezer

over ni ght . For ongﬁ3 Ferm’s oraje,”’ s’ama)lil es were noved to liquid nitrogen
(-1960). 4% MEPGHAFBH of an enriched stemcell or progenitor cell

popul ati on. D f f eCdnwerefolzoesinligis Tgn@ottugiifiabredisl asepd tapalisw facthegrarted f or t he

i sol ati ;)n Of Sir® MnflopdMiiOYEEHithrQdiis, ThiE Bbal Bnks the CFVYRGS aﬁﬁhdmlﬁ(dhﬁ‘isﬁfl?cbllsﬂ}a ot,.echb, .
Germany). A L L i i ] nonocl onal anti body
ey o o B bl SAAREL kit ol o, T0OT P 0 b
and i s subsedd¥RPEGS4E18i ned on the col um, which is attached to a magnet.
Al of theéSother Eelshme epeimensibaieilsf wadveselseddusing b §smc¥sp ol Stepewbved from
t he magnet an@chhdigieS Bk culitrelellsSrem Lkle@ithinR Soprofliate St BdAy HeiRil @ passsminioih em Cel |

TS0l ati o of e @Rl BuseO Rl HBIGOIAR Ml O abheelthbilustl O 0
(36) & 5 ndba P SR T bR AR BORE PP R ROR o AUARD GRS |
| eavi ng behi HgCResteys ereRdder setimeddiens culgesporitsetis st NRRSEREIBody cockt ai |
renmoves aBbd mednusaID Mo Begrafimgid nyel oid cells are renoved as well as all

late progenitor Sk@g6esBibsivsdide GRABLAIMRNED6L: @bDItINSRISHENERIS i Sur f ace
the engrafiment potential of the- human umbilical cord blood stem cells. All experiments followed

established protocols and received animal ethics approval. NOD/SCID mice were maintained in a clean

room in isolator racks and given food and water. The mice were irradiated 2 hours before engrafiment at
35 360 Rads using a Cs"’ source. The mice were then injecied by tail vein with 200 pI of cells. Mice were
given an Lm injection of antibiotics and monitored daily. Survival rate was 80+% per experiment. At2 -
weeks, 4 weeks, or 6 weeks, animals were sacrificed by cervical dislocation. Femurs were removed and
the bone marrow flushed. Cells were washed in PBS and the cell pellet was subjected to Red Cell Lysis
Buffer for 3 minutes and washed again, Cells were either cryopreserved for re-engrafimant, analysed by



mar kers found on mature hemat opoi eticcells; CD2, CD3, CD 4, CD16 Cﬁm‘)
CD24, CD56, CD66 & GLYCOPHORIN A.. 30 C. Cel | culture systems: A L3N 00
of cell cukbosessystens were tested. A nunber of nedi appeegnivessed and t he
main conponents areas follows; A Conditioned nedium Human enbryonic
fibroblasts (HEF-CM grown in oclAEMwth 20 %FBS (fetal bovine serum
for 72 hours. The mediumis renoveg, andthe cells and debris 35 is renoved
with centrifugation and filtering (0.22 mfilter). The nediumis stored at

-20C. B Nonﬂ&vpé}géintdy%@@ﬁ&&%mﬁmiwfarfpbﬁ&alyéd\@bm L%hohay mAgsisser um al bumi n,
10 . tg/m bovine L'Pa qreatl db{ah!ltlssue’werea.gog%/temTﬁs‘gM%ﬁd%'E chslaai 104M

P- mer capt oet hanol’ e i Tusc nsi t

Li popr ot ei ns Jxed 8% pesforneidey mmw@wgm@wﬁs&@#@e t’ss‘ﬁg"’s SEES cel |
medi um wi t hointo sinplp-ceil quspdnsdon psigenild eypeif traatoert (Pfendriebelederdth Bubreksentaatibodiesiss yoni ¢
fibrobl asts c@lsdBedaffe®d.| S Wwere grown in any one of the three nedia with or

wi t hout the [l o any conbi nations; 25-100 ng/m
FGF-4. 25- 105)&P '#‘p%@!‘?%%“%ﬁ%ﬁ ﬁ"“{rﬁ?”l y, 25-100 ng/ m_ SCF, 5 5. 100
ng/ M FLT3 IlgandAnt?S‘eiﬁﬁe’ﬁ‘@‘?‘l"d‘WW rmﬂ@hyf@@ pd by waglch i RS, Tésﬁ%dﬁ%g/ MERE
6, 25-100ng/ dehpdrati@Howe@by dndedding lepa}pﬂ'm\mam Biow mﬁdayvsre tup ardtplaced aty gask plideshe nedi um
wi th nmedi um gReRNGeSIewdRsh 60 OMEcd & ABiDARY. staird IRDBSreRbnt BREI MBEIs \lidek Whre e weekl y,

or thric NELE. A 0own .in NUNC brand tissue culture
treated %dﬁg&%%ﬁﬁgdﬁ%ﬁ%dl at egg Bect on Dickinson, NJ,USA).. ... 10 Flow

cytometry an&%¥P¥: Cel | nunber and viability.- Sanples were stained for
vari ous cel |l sur f@teechtferipaionwas Beamiphished bXOuliripadhe cellain MBMbi0Beaar GMHCTH ow

) cytonet er an@bsitvé &Il ackhaty whsibteriiédbHH14868 the cells on dAcifih éiifgt saRrateatMehaying 1éss Ot ype
control s wer %fthlzssﬁﬂmhe'}s it OGABIRE absorihb boRAPhbRayver € | abel 'ed for 10-20
m nut es %%4%‘ w%s and fixed i1n 10%formalin, as per manufacturer's
instructi Rf’g “§hy Forming Units Plating Assay A
pr e- madenet hyl cel TRAPYatRsswttatied pws pryeseribebin ik Coaaio(33): SpHs BRSOV EE FFMH ogl es) was
used. The' peddsiraithes 9d-wodl R iveltp!iied ugér einfhehdd b stverel “ft@geTitdorsgtaftodd . #

H4435) . Cell ho gtgemgggs@gmﬁggmmiw%lls per 3 m of rredi um or .

1500- 3000 ce M .C [APNysel ect ed eIIs popul ati ons
were plat edﬁf*r‘%ﬂ%%" i B e égmﬁ“ﬁgmmi‘gﬁfc §5 and 18. o0 LG &

Assays. C&f| §4\WéF°é‘ataF‘%"6‘°‘b(P6Wﬁ]@PﬁE6ﬁg Term Cul ture-Initiating Cell assays
t hat al | ow f @2 nl etragrsowida (7 moBa pHsp.2hemat opoi eti cprogenitorcells. This
assay |inks therdh®H@gsay andthe NOO/S CI D assay. Cells are grown on
feeder cells 6%[&&5@1‘:&!&9%1]‘ or the long termgrowh of hematopoietic cells.

Col um Re- sel .
The above solutions were mixed and filiered. Cells were then incubated for 45 minutes at 37 "C.

25 Resorption studies:

Cells were grown for 3 weeks under conditions that are favourable for TRAP positive.10,000
cells were seeded on to osteologic slides and grown for 2 weeks with media changes evagy two to three
days. Media consisted of IMDM and GM-CSF with serum. At 10 and 14 days the experjment was
stopped and Von Kossa staining was carried-out.: - .~ v - :

30 TUlirastructural studies:

Cord blood celis were grown uader above conditions for 21 days in 24-well plates. Ce]ls were
then scraped off and centrifuged in a microtube at 600g for 5 minutes. Re-suspension in 2 %
gluteraldehyde for 1 hour followed by transferto cacodylate buffer and subsequent processing for viewing
under electron microscopy.

35 Endothelial;

Cells ate grown in culture dishes or chamber slides as well as 3-D cultures which allow for the
formation of capillary networks. For cultares on chamber slides, cells are plated in M119 medium with
serum (10%), supplemented with endothelial growth factor supplement (Sigma). Cells are fed twice per
week by the removal of medium without the loss of cells. Capillary formation is accomplished by placing



25 For sone experinents the cells were re-selected using the Stem m
colum (Stemcell Technol ogies). Tissue culture cells were | abel & B UNH08Bh e
appropri atweniidsedy cocktail and passedtbrough the copofeagmigescri bed
above. Qutput cells were deened to be negative for the surface markers
targeted in the cocktail and these cells were either checked for positive
surface markers by flow cytonetry, 3 laced in CFU assays, replated for
continued tissue culture' or used t© engraft NOD/ SCID mice. 30 NOD/ SCI D

?/le(J]SD/e SEP %; af b ggnb Ow&s%%lﬁeﬁp Y ﬁ{] UG ¥ ?%éﬂig@?% :Lf@ﬂ?ﬂleﬁb dnG enL
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protocol s anéh 724 well nlatedndeaieriagivitiek HjoEM 198 i w5t Medimpye @Eﬂeﬂ?ﬂ?ﬁpﬁ@“‘%@i‘%“

mai nt ai ned | medks @tiadthellaBelneiwarki ®@logt or racks and gi ven food and water. The

mce were 4 riggigeed 2 hours before engraftrrent at 35 360 Rads using a Cs"

source. The m ce t hen inj ect tai,l 200 .l.. q s. Mce
were given an i. %?ﬂﬁvé@f“%ﬁasﬁ?ﬂe ﬁ'?p%d 5%’”3? (r}hew 1 P“fsemoéfagifhy %urw val
rate was 80+%°]3’é¥nd%§>ﬂ}ﬁéquW@ﬁtdﬂs°fﬂ\id above. Ry gells &ﬂ&é@ﬁ? 70y etignol, fom f LN | | g
wer e sacrifi cdioweddpy Gerbatior alth dioBimed Sudantv (Pgmiun $0:3exdneradnwl) da aaatidr 5 t he bone
mar r ow f | Ush@ghueColils fordBbaSy WS tooh dhalRBRad B icvBam&ed thiciedph.€t Was subj ect ed
to Red Ce '?ét?bft Buffer for 3 mnutes and vvashed again. Cells were either
cryopr eser ve P e- eng?ld {N%?r%ynt ana%%/s 2 0 JUN 2006 WO 03/ 055989
PCT/ CA02/ 01979 - 2% MEMGwind g Mpprstmethasons, 10 19]81%?9{0 bpsihgie RRABMASEPEAPEAY or  PCR
_analysis or Bhitn.gelisrvem eroayfocielesks e AlrinRed sfaiogip lcaliers fixpd is Wdceasidetiondi n ti ssue
“ywere al so i S@dad Belutcs then SRR MRS Himis WnplGhNi Wi Ri @aes).grid fixed in 4%

= par af or mal deg%grgl f ol | owedby enbeddl ng in paraffin wax. Sorre of the tissue
was separate Into si ng | e cell gpenm on usi ng a m | &Piﬁ e\%‘reat ment
(27) and tabel ed GFFReTF PiOHES MR A e Bt G et it SRRy

| nunohi st oc leshdngss.(Symemitirds werprpndeoyied oviile 1 53§ pangmoliy Retipgicsteides were fixed in 4%
par af or mal dehwdge: f ol | oned by washes in PBS. The tissue was dehydrated

fol | owed by embedglpgul BoRARAT ict, Mty ﬁ&&%ﬁ@{;ﬂmmmeemsma@m pl aced on

gl ass slides Slide aining with
f1 uorescent F%{&&é&%%f %“Bwpgﬁmé‘?%? H%‘%e ?aglfmi%m%z% V7o bm%gh econvol ution
m cr oscopd® @thems wdsin order OgrodisPeEsthy Bl sptor Wsd%e@bﬁ?ﬁﬂ%sﬁ’éﬂwatéhﬁ uringt he
cell s in | VDM-B0&&e&m Oxgebs CHlr one ofieive listed capdilichs: act i vity was det er m ned by

plating the %EWMQQ%QWSWQHM @appbstrates and neasuring-loss of the

substrate as _ac ane | i ke substrate. 15 TRAP
St ai ni ng: TRAP® @%ﬁwg’ﬁermmgﬁg]F‘efca%%f%ant‘ﬂ%ém escri bedin M nkin Cedric(28).
Cel I's weregr &AHMFMFW%SFYWW%%‘WW‘WH*&”E/HBPS“]Q’GLUMWD‘B‘F‘“"ﬁ‘&“”i’ﬁél"l W4l at es
under the2% nf | gbupixagiencer al "factors”. Tartate resistant acid
phosphat ase ajmmgyyvy@}.gm¢@515gegg{ym{rmqm)cel |ls as follows: 6.4 m of

~naphthol - m in dinmethylfotmam de). 20 6.4
im acetate sg u@gﬁwﬁsﬁmggrcgﬁib&uﬁhm(gﬂg 2 mM Tartrate solutjon (0.67
"ol L) pHE5. 2 Ce]ls were culiured for 2-4 weeks and tested for muscle specific markers by PCR and

immunocytochemisty.
30 Hepatocytes:

Livers were isclated from mice that Teceived cells through tail vein injections. Upon sacrifice,
the Tivers were quickly removed and either fixed-in 10% formalin and processed with paraffin wax for
immunohistochemistry or single cell suspensions were produced and cells were stained with anti-HLA-
ABC antibody and anti-CD45 antibody.

35 RESULTS:

In all experiments listed below, cells were isolated from human umbilical coxd blood. Three
starting populations of cells were tested 1)} unfractionated leukocytes 2) lineage minus cells (CD2, CD3,
CD14, CD16, CD19, CD24, CD56, CD66 & GLYCOPHORIN A minus). Lineage miuus cells are
obtained by initially removing known maturé blood cells thereby leaving behind immature cellsand cells




Fast Red TR (0.1g) 64 ml of Distilled water The above sol utions Weg%melﬁlﬂ
and filtered. Cells were then incubated for 45 mnutes at 37 C. 25*%
Resorptio tgs: Cells were grown for 3 weeks under Lhie9fs that are
f avour abl gvﬁg#&%gﬁip positive. 10,000 cells were seedeﬁﬁﬂz%igggt eol ogi ¢
slides and grown for 2 weeks with nedia changes ev p' two to three days.
Medi a consisted of | MDM and GW CSF wth serum At 10 and 14 days the expel
ment was stopped and Von | Cossa ~sPai i ng was calried-out.: 30

U trastructutal. studies: r.d bl.o C wer. wn_und v ondi tions

for' 31 days. MosiinR Rl RIERGGR s MEEoAE AR el FEONECONT L OO0
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for 1 hour f aladkenasbhyindagepugifvesetlnincamagytuakeildbrdvethe keyysbpulation is the lineage

SS; Iblsequent pr %@bﬂﬂiﬁ?ﬁeca\ﬁe%&ﬁjoﬁty mﬁmes@ah&agetpm?@ HFHRES Qﬁt&-any?sﬁmﬁaﬂm hle |t i al;
S are grown in ure di.shes, ar chanber . sli. . ~-D cul tures
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chanber sl i dé&4geesiary ae Spmdhelipeggeatous PPPRAProHENt iAW t h  serum (10% ,

suppl ement ed Th ifpeseadodfhal-blad cgfs ot h fact or supplenent (Sigma). Cells are

fed twice per we | L5 E ] g€l l's.
Capillary 1I‘O ormat i gﬁ”ﬁ%f%@%@%ﬁ%ﬁ%ﬁ%ﬁﬁgg?fsﬁ\gqrf%_qg&OB‘Ij%I R?Q%E&HV%B%/ 055989
PCT/ CA02/ 019 P&prelonges enlburiagmsih-refucatfgediogs| cpusedithyy deffprenfiggion, pglesegf's

Y {5188 ™ rat r i x
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of thronmbi n ( @émtnd 1ckeetiatiRibd e brk D@k Bells. A SllgSs PaH ihpr@erSBC@Bdanthainteiiihesof  mat ri x
in a 24 vellplake AR EOMERIRE el ot o e.%eé%ﬂ]e%g rme gl B N B | S

-~ changedonceper kKfor 3-4 weeks until e dal cel et wor ks, devel op.
-/ 5 Adi pocyt es:"mdS:]t\g\%i m?‘\?“@ft%ﬁ %‘},‘\cﬁ‘ﬁ S ‘%lﬁf’ta’llegp?igfeeémﬁpen%ese\?\m%er there

e

i S presence ofukbravigedtin. Afign 6d@ vedks ingpuliuen (teidl dioe) thh edberesh) il POYS 2efee | bed
above. Bri®f lmbmpb@dgics rewmblg éndod@thl deits, adfidyeiian amlostdoadsts Thetd speiblieaicellf @b owed by
I ncgﬁat 'on vwiﬁf!a(t,u@m@.% Y r:fng}h&mmﬁtaﬁ@m MsMg!nma??pa%ﬁgaaﬁ%@&@}h@m:@iﬂanol ) fo;I
anot her m es. , n_washed wi 0 et han an en vi ewe
Cnder n i cr G EREe b7 coaky b et et gehe oG IR B Udal
mV(i - gl ycer ol'{FR&d perermeation romiplomeoeate Bp col@rogth, The ges) wes toppdpihe POEFTFLE wer e
grown for 3- femike.of detdthatdogsintiraqie ebrust @iditionrdmeddiglof fedaeells i drseet mpiptai®d % i ce
col d et hap@! mukQotestil il FHoPeiSs as defdBlMbySheAbile 6k e Qéns &@ivﬁﬂis_@tbtlﬁ&:e%lﬁdﬂ)pﬁ&g vl
Alzirin red (aggl{mﬁ-hé) atopo'i\elz%u%ﬂJ a'hd tisglés.%Hp%ﬁa}{ﬁorrﬁm’%t?b%ﬁqu i meg‘gﬁ‘ sél_nm}%@;»?er um
and grown for 3 weeks w t _tw ce weekl'y nedl a_ exchanges. Sone cul t'ures
ver e suppl enepitdiigrediedipmge tises nptdsaiidera pinieg poiy Frthorpery edihta dd P s wer e
grown i nFGF, s8@Fandpindi8énedyeedign providstue mittSpeervontreldverrihy nfaBteeane Clotl) phefiefra prrd - 0gi es)
for 2- _21 daysceuﬁﬁf@ﬁg,h_t I mepoint the cells were eithertransferred into 20%
serumin %/E (hi glﬂ/legzuﬂﬁa?a%ﬁ)eceﬂs can be directly obtained by plating whole cord blood directly into DME

or IMDM plus 16-20% serum. (See below mesenchymal cell intermediate),

Cytokine supplementation:
Leukocytes from umbilical cordblood cells were depleted of all mature cells leaving an enriched
stem and progenitor cell population. These.cells canbe maintained in serum free conditions with growth
30 factor supplementation for approximately three months, although the majority of celtproliferation occurs
in the First 28 days then tapers off. Cultures can be maintained in a highly proliferative state by feeding
every 48 hours and separating the lineage minus cells from the lineage positive population as done at the
beginning ofthe culture period every 7- 10 days or on a continuous basis. FGF-2 and FGF-4 were focused
upon due to their ability in the murine embryo to maintain proliferation of non-differentiated cells.
35  Furthermore, FGF-2 and FGF-4 are down regulated priorto cells undergoing differentiation, thus making
it an ideal candidate for stem cell proliferation. FGF-2 and FGF-4 were tested in conjunction with +/-
serum, +/~ cytokines, on different subsivates . The studies showed no difference between FGF-2 and FGF-
4. However, FGF-4 alone was used because of its use in maintaining human embryonic cell lines. The
addition of SCF and FLT-3ligaud to the FGF-4 containing medium increased the proliferationrate. FGF,




20 for three weeks in order to produce nesenchymal cells or transfgj'w
directly to various nediumat 37C or 33C or 6% Oxygen (37C) in or? mi}ﬁe
five list fions: A aMEMr10% ser um+t50M 2- ner cap B: aMEM+10%
ser um+501ie‘ﬁﬁ)§%rlrjeg$8capt oet hanol +5- Azacyti di ne C aI\/EI\/HOWer um?rJ 4LM

2- mer capt oet hanol +1 0g/ M insulin +0.1- 1M Dexanet hasone+ 0.5M 25

i sonet hyl but yl xant hi ne D. aMEMH O% serum + Chi ck enbryo extract (5% E
aMEM+1% serum + Chi ck enbryo ext rag? ‘(5% Cells Were cultured for 2-4 weeks

andtestedfor ific mar stry. 30
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resul ti ng2on m xedikagQnheagolid sppiaimraeaioeplotadis eseindsuliedih sssigapeblifeotmdiey
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Afterthree nodte Weeks” Phe rolh herent” cel|'s
stop di vi di ngropption vesieptas they differentigpdaapidly TED vaip Bi-Hand Sfyesmiiqdines bedr baa
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adherent eel | r@EE TR ENEISAO Wik BR WD AkOGhREd fLa%eHtH, FoTERdotdael | al
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The adherent cell population.that.appeared-with:infrequent feedings or as a result of growing
30 unfractionated cord blood cells in serum conditions, is reminiscent of the mesenchymal cell population

found in bone marrow aspirates. First it was investigated whether the adherent stage of growth observed

in the original population was 4 mesenchymal cell populationsimilar to that found in bune marrow, and
2) a mandatory step towards non-blood differentiation. Jiang et al (29) reported a CD45 (non-blood),
mesenchymal’ cell population isolated from bone marrow that is capable of producing a wius range of cell
35 types from a clonal cell population. We tested 1) Lineage negative cells (stem and progenitor cells),
2)Lineage positive cells (mature blood cells) and 3)unfractionated UCB cells were tested.
Lineage negative cells: UBC Lin- cells were grown in SCF and FLT-3 ligand with or without FGF-4.
After three weeks of growth, mixed colonies appear that consist of stromal like cells and round
hematopoietic cells. Cells grown in FGF-4,SCF, Fit3ligand, produce a greater number ofthese colonies.
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condi ti onednedi um as this is not T&asible for aclinical setting.
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(bepat ocyt e), oSt eo Desm n nuscl'e actin (rmuscle). 2
0. JUN 2006 V@™ &9 pCT/ CA02/01979 - 35 Cells were al so negative for
TRAP and cal ci Ufpe et yesptplatedpadysainined withoaustenserfiting of @lirelstyen dwfensifiggwit ve f or

cal ci um deposiides siipfe cAlls bk dbEerved Strofibildike vbllR (pilees e odill) arat Jot drdledSudiemlituiey st ai ni ng
(adi pocyt es) bl ool 4ed RoBd Lénfgmdl%@daicaxs &b SupSiEdiCABa 1 RpeatéddBsmatan) SUT F 0gat e
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vthere isno r&F&et ance ( otent stem
" cel |'s. Duri ngrosuce bpgh reyifl o fiet ciieformdng aF“ﬁ‘%%?P@k@ﬁ@“’é”EPpﬁ]W‘é’dn SUPEF fr ee
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days and mﬁ“ﬁensxoncul%m?aﬂdm tﬁfg’rw% el greater then 80% of the

cells are CD33' bdﬁheﬁﬁlcuém’é%&?é’éﬁ’éupt%ﬁwﬁﬁﬁﬁé’?”gw% syt PRAYEesBeP | s were
grown for 2, cdllmdBgholbglessamihis@ict ofifacslisi endof@Rlcdls i@ Gfeabl4st el Thepapréls HrgreS/ week .
Day 2 10 Celléﬁﬁea@ﬁwéswﬂﬂmaﬂatyﬂey@pe&agm bifplecatiRs. RORar déternse ity Gigledes gr own

for 4 d Y35 O celllBle Guns 905&&0%&96&%%&3& to increasethe yields of these cells to the point where enough
could be obtained for analysis. As mentioned above, cells grown for as little as 4 days could be induced
to express non-blood tissaes.
A) Osteoclast;
Days 0 cord blood stem cells were tested for markers for osteoclasts (TRAP). All samples tested were




desmn, GFAP, Flk-1 and Cct-4. The presence of Cct-4is highly sigﬁifi E}ant
as it is considered a marker of stemcells. To explorethis furt JUBAIG n
cells wer egpQupdstsel L-3 With SCF and Flt-3 |igand, Neurglpdhonéss Factorwi th
SCF and FIt-3 ligand or TPOw th SCF and FlIt3-1igand. |L-3 supplenented
cultures grew rapidly but were negative for Cct-4, desmn, nestin. NOF
suppl emented cul tures were positive.for 15 only OCT4. TPO-cultured cells at
day 8 are negativefor. nestin and FCK-1, positive for OCT4 and weak to

negati ve for n%&v@%opilh{g)(steg mmw%rdgﬁwﬂrﬁtgu%ﬁe%ﬁusﬂﬁwﬁfﬂ lfﬂ‘bli &hmﬁﬁ”cy when
c6 pared to F cells.
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FGFRI| posi ti¥gure 659 TRGGE, 1 auftur SN Sriofstr BEIP Whded bR cissBrdosiordfobuciAST ti ve for
non- bl OOd%ﬁ%x’?Q%fﬂ“nm kers froma wide variety of tissues. In order to
er Iat e

furtherdi (e"these cells they had to be placed into tissue-specific
cel | cul tures. TREkEticacueweaii redpmposigebizterls Bﬂ%’@“ﬁﬁﬁmﬁﬁ?qgfnﬁ%“% ood and
non- bl ood celfomtUgBedn cellsculbumdwiilr growitafdidmcorghledst 1A dayg Eprofifertirs medinlgnd theacul t ur e
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produce 30 non-Dbl o0 i neages. ese cell s seemto be a oduct . of culture
condi t i ond> aivgHitetRmirEgPoneFels wih gigrgotesis indiative glostpabiagt §e“‘h?r81°‘}5%3{“fe\93‘° or all
non- bl ood i ndvithddomssl or Fresd anehts of sowil fadtols do thiestle plkding gr minaplizedgelseiwhen
pl aced i Nt o sga@Eb fiksrenGalt hdkdsRobGaN 16t nbrORGurk 1ad cellyihieORMineistt Ha @aniér@dl tetodeon/ gr owt h

f i fi . : . h
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to go throu ase and t productiop of vimeatin .positive
cells is not q’ﬁ“"r"élﬁlﬁhf’séﬂmf ﬁlgcf’lﬁﬁ?ﬂi“ggfescﬁgg@gaé‘gm%w f?’? sy th?f‘a%%fr‘egﬁ?y “That the
cel |'s gro®f isnecifiomedinsresaked fughlis thtere plkpligprpesphatpsprogifive Fiprtiferporer riperaligti@bgiprent  of
non- hemat opoi weén cbselved e AYERs tesBl Meidve Be a piirineedishaiging. act t hat that FgScf, FI t 31
cells are ablg jRsKXpress non-blood markers, they still mintain their

ability to expres gl .0.08 markers. . The.cell.s. fro tﬂ%_ nbi | | cal are
collected in a malﬁjr]]3 g ‘Htﬁﬂié‘ﬁfﬁ%dﬁvéf‘éﬁ*ﬁb@*& phs % a#‘f%%%gefge? used to
i sol ate cel | sThe sgindivieedmpidy ad spiateined fhe Topyg mombeloy S Bpatopojsticrgls At hend b PP and
prol i f er alEors daf cubturs peeitn, G Were tqstedpiod thet dmbryontrapix plugleafakér@resmiimey RGRCRAood cel | s
shoul d al SO NRLifNe Rl Wk Sonf@Rli drighy 7)f @I RFNsDEROM: theSbaufe musddeBlé MDYl C st em
cel! mintenangs, And.Rl Bl Ehgtr“@rt oMV ol SRL Halbeddd oM S A il Vi VO
yassays. Colony Tor ng uni 1 assa}i/s, -1.C an cse surface narker
"anal ysi s wer ePo€ederge-P it mulesrys Worapmppodeniity Fie@md s | n subsequent
exper i ments NODie8@hdlalassays were used to verify stem _ceI | phenotype and the
ability ofiot hese o@il §ah@kePotBikstdein bR 6 WRDRBeniiBidb RN and b Bgalbie mbeRl Ser um
fr e?/ condi ti oped MEARY, LLAG SR Al &Rtk AR EreidttinctRttbiduide. an
e Day 0 cord blood stem cells are negative for fik~1. Whén placed info a 3D culture system; which allows
for the production of vessels, all day 0 cells died. This is similar to the fate of the Lin UBC cells placed
into other specialized mediums. This indicates that non-treated day Lin UBC cells do not have endothelial
35 potential. When Lin/UCB cells were grown in FGF-4, 8CF, FLT-3L or TPO, SCF, FLT-3L for a
minimum of 4 days and then placed in specialized endothelial cell cultures, the cells developed into
endothelial cells.
UCB Lin cells were grown for 0,7,14,21 and 28 days, and each cell population was placed into
tissue culture conditions specific forthe formation and support of endothelial cells. Two different cultures



i ncrease of cells expressing non-blood markers, an increase in CF?AJSJMDB
LTC- 1 C was al so observed over the first 8 days in culture. SurfaCe

anal ysi s oWoegbissgegrown in Fgf, SCF, FlIt3ligand for 4-@cdaxsoiesul ted 10 in
a shift in the population froma predom nantly CD34+ to a CD33+ popul ati on.
There was also an increase in CD34, CD38 and CD33" cells. Al cells

mai nt ai ned CD45*. Cells were nmaint %ngd for up to 80 days but innpbst cases
there were fewcells left to analyze. Cells never |ost their CD45 marker
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pl aced i n culrGBaeave e highestpeiemagenf BLK-8 paisyesells ael stwlae hit@staiamistained for CD31

engr ﬁfC]t:)- m;nt E@&ﬁ&-dn@fig@eﬁoimc{m%ns iR enB MR ﬁﬁtﬂ@ié:; SmiSkG Sk iai}gwatmf.d el ial
nmor e re i ng .ce r.e .orodu ol . ot helia
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cells (indjivi ol nte a dish for repeated observation)
were obsetved?HERIHg nore adherent after 3 weeks of growth. The cells
flatten out and Tk abilifyodgamiBCHinoeliderrdode fimetiowsHiver sgilsivas fegied. Tretellssvefeor i ng a
m xed col ony .teskilimnbRbADned] dellis R bitodi 17 ko hddat&its RGIAS. WBT/Lif edlls sifpert 0. 12
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interval s an , .to settl e and becane he t.. Conversely,
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es

cells. These cell red at L ow frequenci W.th . all. threet
Copeari ng o n SrgrLC AR PR e b SRR G b Bl RILEEINRED, o
cel I s the culsruifietodppibiopdsels sttt g Bhivhighdt Becilin ol et o5l (PEPHEEf ¢ hese
cell s to the H@-ARCpadkder eliereaudyitifiedtnobs nduse GvenBias INASGrdvO.Prelnmadryigh siegets
nmentioned aboy@ihe EELA tatEH c@WBonfitited8 Smésial hdnPeefiSs fbn-SaMScellisGhal@t apdsdiiced  to
eXpr esS NON D@0 RBHEG and Y PLERE! BR] gaxgjsgmgm gpd stemcells
wer et est edf or nmarker st or oS eoc_:nfas S B 1 S@rrp es tes}uedwere 2 0:
JUN 2006 WD 03/ 055%dsoto iseofifycimstions hrppgyliver oglis in hrapic pllp et perg ({FL A2 postitve
ost eocl ast marveeridentTisd. ¢HP G a8 treymedioind is hynjap reaasitiusly ingroedin foyns? fivess4, 21
and28 dayso i tRatkdhe dioxidEms el thd poddibilAY &2 crbbb-BktkidhwRIOEd difibd@ uéelin thE B, (50% +) ,
and mul ti nuc'ﬁﬂ#e%t%%tﬂodymﬁris g&:@f fosthe h%ﬁaanYg?ﬁ Bty GlhlafB{I%a t(vﬁﬂlgﬁérnﬂmép‘) . The
0 . e _at

maxi mumunber osltive S_appeare day .21(809 ang | evel | ed
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f or absor bt i onhMhewlchR irfilas bd Gikeup rekiddndeSn § H@YWRat ishnofdeimatically damaged. This allows
35 assessment of the ability of UCB cells to be used in liver therapies for genetically defective livers where
no physical damage may occur. This also provides a non-surgical method of treating inborn errors of
metabolism. Therefore, only low levels of Hver engrafiment were expected. About 10-20% of the CD45-
fHLA-ABC+ cells detected in the mouse liver ate also CYP1A2 positive, This snggest that although
engrafiment levels can be high, there are fewer fanctional hepatocytes (Figure 11B, C). The same livers




SCF, FLT3ligandwere notfunetional osteocl astsdespitebeing TRAP poim
The cells hadto be placed into an osteoclast differentiation nedi Q/N(se@pﬁJm
cont ai ni ngwowsalpisseswi th G CSF) in order to differenti atechbwndmnt o
functional osteoclasts as observed by resorption of a calciumcitrate
substrate (Figure 6B). Therefore, the culture conditions strongly induced
ost eocl ast precusor production. 10;8)_ Osteobl ast:

Differentiationcul tureswere usedto produceosteobl ast cells. Osteobl ast
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conpl et e t he CAFPiA2exmeestiigatll.on programto 15 give rise to nmature bone cells
W th char ast & AGbiyes | ndi cative of ost eobl ast ceI |'s. Prolongedc-rlture

peri ods wt (| NChaA3Lk:0 ARLLARSAL nBURHAL b BE M BBl el O

result in al kal.ine or._mnera renlatethe

ost eobl asts PATLPHE? ﬁ@tﬁf"émb R SPerfmeds, %%L”&é?nf‘ gerﬁﬁ%“fmﬂfém‘? ?ﬁ? Wred to
bone speci f indtherelty fertorFfordshdays. The eflisvacsdiben prstedUICR Rofed theSRAP 884 Doy eellbone
medi um di e Wivkda 8eghiivg ROTbeals BgwibibITdeys whopetie elidus 13) kRRSereaBiRia & IGBAE Ul t ur edi n

Fgf, Sct;1Fl 3 eln%&gslmmoﬁﬂﬁhlm%l@us pﬁa&%ﬂto%e@iﬁﬁiuﬁﬁéhﬁﬂéd@nﬂbéﬁ%m?cﬁe specific

medi um resul ted.in cel sitive

Fur t hor ror o, ERPHEREETS PR P DI BB AUArAB (R OTREI | 5 t osted positive

for Aliziri nl‘?%fﬁl}tal ning. C© Miscle: UBCIlid cells were grown for 7 days
)l n either FG- pl usush UCElid ek wird prev fir pilifefation madheh (BEF) Scf, Tibégatd ok 6-7 days

di vi dedr api dlaydtazesifof@é éﬁﬁeﬂﬁﬂh&?mw@n&%ﬁﬁﬂmw 1&bd REARERRQEDAE Ccell's.
At the enidﬁ lltswere i§r7cril 3¥the ame 1 %‘% lttfswere ! Etwgngsﬁcm?vr the
enbryoni cTeartTy nusel e nmarker n?os yy (B%ﬁ ASPGSITi Ve ST gnal s was
achi eved (Fi g‘ﬂﬁfaé“%“qul%fh‘?ﬁé]ﬂséve’élg@@lﬂé%‘t"éalf%imf- préer tpeipdypeche FRIEEHW PR ker
Myo-D, but meimennetnaeyatwel & nevBbhdrsholbdiallt wasxectgithavansonn pdE@ke @llagigd | nt o

nuscl e speci fike oﬁ@hémmh&wﬁ&phmegl & Jmﬁfsﬁyeigduceﬁﬁﬁﬁltsbﬁéﬁs tn@rcelﬁmm @Adn muscl e

specific actig gm%g&xémq 30 Fl k-1
is a mar kg@ F’?}éso ermcells ﬂyasgﬁh%&rf&ﬂlg% "B@aggetﬁggn% d[lj?’heﬂrl al
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simlar to the fate of e LinUBC cells placed 1nto ot

speci al i zedmé#Pims. This indicates that non-treateddayLuf UBC cells do not
have endothel i al ¥Bensiex BYRG/IEN cell\Nreaylaped pifoDBEMAIAYs|saunygarlaises groepwiatply SOSGF- 4,  SCF,
FLT- 3L or TPG¥th&iehs diefuffile ik refniiderBecani¥eiigiadand@dheréht ey S wadkelin tullv@s) Thbsaaed i n

\ : ggg It ﬁla: Izg |d gashlqﬁeh@hﬁl@nhast&%ﬂd f}ub&fdﬁg@d%uluﬁeb&ultﬁﬂ dofde 35\7/(@40&9@ ottﬁsta@mntda .
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andeach cel | |onmas ure con speC|f|c

forthe for natPFI!S% neste g e FW“’%P“%@%W@W“?H‘%‘EW@“W pepitivs et Isest 98| t ures 2
0 JUN 20080 Wor &8y idbds Qi@ at marBdss. NeRGsPhefed)\ GGl ONeBro pusitie cells @elillusiind infHigustls. s upports

the growth of 3- Dxnveeestﬁlgy Selecive &M@ ohﬁﬁ.l@éﬂs £Qked WhA 10 EMRRIAGiaggot hel i al
cel | mar ker v+a%< ad&ed?ongﬂs %811 ;u?;ﬁol on cu ture ?099 days lh!enaplnlaceqa nll’th:( B&E%As%mmmﬁr e were

nopositive ce
adherent cells wer2 present All other non-neural cells died as the RA containing cultures had more cell

death present and halfthe number of cells versus the non-RA cultures after 7 days. Furthermore 90+% of
35  the RA cells were positive for Neurofilament while only 50% of the non-RA were positive (Figure 15).
Cells in either medium survived for.12 weeks before cell division stops and the cells die. This is most
likely due to the celis reaching a terminally differentiated state, If cells grown in proliferation medium for
7 days were placed directly into RA/DMEM/10% serum, cell clumping occurred. These cells remained
alive, but do not resemble the tighily compacted neurospheres demonstrated previously (31). Cells could




nunber of endothelial cells increased whencells were cultured for 77 28ays-
Figure 9A illustratesthat the FlIk-1 marker is present on the round

i mmat ure cwiolososed i s | ost as the cells take on the adeceicameioel ongated 5
endot hel i al norphol ogy characteristic ofendothelial cells. UCB Lin- cells
grown in FG-, SCF, FLT-3L for at |east 7 .days were capable of formng
smal | vessels in vitro (Figure 9_Bzf). Hypoxia ..an induce the production
of VEGF, which induces the production of FLK-i positive endothelial cells.
Hypoxi a pl us be drfohzistd gaKQuiiRCanb ingimSte pReRcoNbaghmed. FLK-1 positive cells.
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EXAMPLE 2
Hematopoietic Stem Cell Expansion:
The experiments discussed in this Example were designed to produce more hematpoietic tissues
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associ at i owpiok/dssedaort |ived regul atoryproteins referregegcag@Eys! i ns. Four
mammal ian G cyclins have been characterized DI, D2, D3, and E. Each of
the Dcyclins is able to associate with one or nore kinases cdk2, cdk4 and
cdk 6 (34). Furthernore, the D cycljns seem unique as they respond directly
to growth factor stinulation and I'€ss to normal endogenous cell cycle
signals (35). L-HL?R&&%:HSC& response 2 0 JUN 2006 WO 03/055989 - 42

PCT/ CA02/ 01979 erloaf %@g cI|n5|S|nG at START as defined in
yeast. Past t ﬁ‘jf‘ %Ti }1\% ﬁg E? en factors
to continue the 3c?e gﬁ %’I eﬁlatr Omnéh He r%gaﬁlb |%1% r° é]%&tldo S can
be i nduced bySPF%ﬁIiI"SiﬁsL TRt °S?’§%‘@%¥‘%gH"§’P’eﬂ1Y) cel I's whet herneural or

hemat opoi et c3.D¥AiUhaing iArHragtichirkpiBoach, Matmesd and B D.N. GBBB 41988t | s i nducedt o

enterd usi Ngs.ofpomibdald 8808 daRsS 19sh)kel y to contribute to the

repopul ati onc%guc% Q%e@hn%o%ﬁsﬂ{a&sﬁﬂhgele&tsﬁsg eat ed with cytokines but

remaining in S fact that entrance into

the cell cycl &gl ‘1“@%‘1“8“&?‘??@?@% St Figeins e 4ddi ti on of growth
pronot er s ( eg?-AEGHC4l OimSTE Fleghenedd@l8h); f actor) & others) may prevent
di fferentiiati anmﬂjbﬂ;kﬁe:a'[sla@eﬁz@ﬁm ds§ (10865 kdang. Addi tional ly, both FGF and

SCF have beep dg%&iﬁa@&ﬁ&%ﬁ@&@ﬁ%@wf apoptosis (39, 40).

Fi br obl ast rowt h 10 fact E activin,
are potent gr&r&“ﬁ"‘%tfﬂr% %Chn&ﬂp’iﬁ?“%"éﬁ APPlgsn &y aees °rf”é§)§ﬁ?§’ @H‘g pr onot e

) prol i ferati onllMighell apgd Fhigiids)flecieddiethesk inflclior hm#uaféqgr) rY%H| Ereppian qud Co-cl¥ced

cyclin |evel syandom).fferentiation. Thus, growth factors are regulators of
proliferatjgon fél%l%d%;%,%&'ﬁ&shﬁﬁ‘ 6:4a8lbs W Il respond to a variety of

cyt oki nes and ud| ave strongermtogenic properties
than ot hers. }35151?“&%"' 3%8%52’ 9%@?‘3 (43) SCF, Fit3, 11-3 and IL-6 al |

havet he capacl% 9“1%9“‘1&‘538%‘(9?%% &g P 7&15%9P11$3é‘r ationbut only IL-3 hadthe
ability to malaCedilgabtet 411993 LBl Cieal, 2a3(16)1€8-116X, her st udi es have i ndi cated

t hat specifi clm,{a@gganqu%sﬁgch}@smgpgm oaio@yigh they are not strong mtogen,,
can preveny, feren iatl thealll y unbers
al one or syner |s e %1¥Ehi% anoetggé&%i? v?ﬁ%te%fpmgb]b?’t{sf&d nV| ?fﬁrgsé@&dsl capabl e
of mai ntai ni n§A>EBP2d88bn (i ncreasedsurvival )of progenitors but did not

cause cel |l pr 8. Edebraatli, 990, Ceb@d21BA24conbi nation wth I1L-3 or G CSF, SCF had
an additive eid@tdm@n: 200811081 H@n35eklsi nunbers over time (44). FLT3

| i gandhas bee [ [ apGs fs,t he .CD34 positive cell
popul at i O%SI %%agﬁgpg@ié%ks ﬂ&? mﬁe&ﬁ"p{éﬁg‘ m t%genl c activity of IL-3 (45).

In contra Sé@l*—“eet&}‘ 1987, TEMBQ §: Eﬁsrqléfssht is clear that other factors such as
BWP-4, reti no?%H%{neFabi”z}'@Fm(Naﬂeﬁc@ %t PLIIEOL di fferentiation factors. The
TG-p fam |y peviwmickdlez etias 199 pevibmddit 121 133n0rcer s of cel | differentiation.

In the nouse ey v BV rSesled 40RALEANgef, N the initiation of neural
differentiati ot clearly understood, BM's
have a negat i ggbéf*l’ilc??‘ﬂgn ??‘r?%s’?‘{&’@%?‘@?n@ IZ% %166 in longer cell cycle

ti mes and 4thcReREkE: e deadiSddfowr 18 7ng in differentiation. For

exanpl e, BMP- 87.Troi@peCs 8t ol [TeMSdvy pAjpp.20ed)| s to differentiate into osteobl asts
and in bone npg R cBNE<fint SHHEE aﬁdaefal%&&%aﬁmmge@we@hsLﬁm&reo@c@om 6 (46).

| L-3 causes an_incy @mnunbers but a decrease in
stem progenltgr Fieuog ?T‘ 133“56&@85 %8%(3 4 surfacenarkers, TNFa causes a

decrease in tﬁ%h?ﬂgr?t?érm%NinF@‘éQ(M) and 30 TGF-P reduces nouse BM
engr af t meri5 ( 48Quirichlet ah,POYhE«pdrim8ntd! Haegmatpleey 311871 ons has a positive effect on

progeni tor cebi. TRpE bhigDARIANI9 h-1308MBYeclegNi bit the ability of HSC to hone
to the bone rBagr ow, JHUSec¥Bood 93, 373649

33.Madlambayan et al., 2001, 7 Hematother Stem Cel]l Res, 10, 481-492

34.Sicinski et al., 1995, Cell, 82, 621-30



increase in cell nunbers in vitro is not acconpani ed by an increasg im t@Be
marrow engrattnment (49). Conclusion: A proliferation systemis de g’rl ge
that al | owgoh9ésséshe devel opment and subsequent expansi parcRegfo @ human
unbilical cord derived stemcell that has the ability to give rise to
hemat opoi eti ¢ and non- hematopoi etic tissues. EXAMPLE 2 | 3emat opoi etic Stem
Cel | Expansion: The experinents di ﬁ8u§sed in this Exanple were designed to
produce nore hemat poietictissues 2 JUN 2006 WO 03/055989 - 43
PCT/ CA02/ 019%%@‘;11%9&&! fgg{ﬁ%ﬁ@ﬁgl e in orderto obtain enoughcells to

u

carry outsSuccess onemarrnw transpl ants on single adults or nultiple
adul t pat i enf&Merifl etialy 1992 igiplssen 14, 32398 i i nate both the requirement for
serumand coi@dPgavened*%RIvod . a%4EHPs is not feasible for a clinical
setting. Furt:pesndeal, 1080s8Ieddng 2shasadependence on serum and conditi oned
medi um pr oyi @g@ﬁ I , i nt enance of stemcell phenotype and
cell 5 pr o%/i gg'rﬁaatg?%ﬁl’ o) 1%%93,5%@%57?& ability of various growh factors to
mai nt ai n UCB-4PI§@b?rﬁta{"H399p]?18‘§1§ﬁ§@ 8 conditioned nedi um froma hunman
enbryoni c fi b Sksrd8R, Ged HoundiSyrep, [TOMII2PEF) were tested. Cells were then
tested in serdumad &Rtz DOS]ITIHID OB, REC400833100 ee nedi a. Stem cel | mai nt enance
an;:lI prol }fer q@igﬁeyg@,sw;?}aﬁlg&@o’ﬁy@ggng col on?/ fo(rjn‘i ng uni ]E (CFU) aslsiays and
cell sur e rker _an Si.S.,aS.aN. 0 tial indicator of stem ce
prolifer a?ﬁon@égﬂf‘s@n%#“ﬂdnmg%%‘ggosﬁ;g‘!nt experiments, LTC-1C and NOD SLID
assays were USaglsengl. Hapgriostemicelires 20069510 Bhenot ype and the ability of these
... cells to engraafhmddM, gt 2006 Exp. Hdmeooer28iioby ee condi tioned medi um plus FG-4
_ jaided cell prgljfeeal 9oy WRs 180i55a%sprofi cient as serumrconditi oned
- medi um+ FGF-4. Cul t [ set up where the conditioned nmedi um was
elimnated, J(SI%AY %%&%ﬁf’ﬁm@%@@%r um and FGF-4. Two nedi ums ( DVEMand
| MDM) wer &5t efi¥epsmura gigh I98FNAS 9% SCF to the FGF-4 containi ng nedi um
i ncreased t hesope. Bhaitkema Di Moscatellt &dv. Fher RefAutibiRee) 15 renoved fromthe
condi t i onedmed| MY B, TRPER O] RO Prbia MY, Ben il isRA ChORes 0602 FRD (LAB-3FGF- 4+/ -

&3, SCF, K Téd’l)’dfa!rl%ﬂ.@PgTKMBFO%%@DOII(IBS)§EWy affect stem cﬁel | homing to the
bone marr ow. ul val ent "stem _ce sl.on res_ﬁl ts were obtained using

expan
non- condi ti on@u‘?‘“‘?%dr]%ﬁﬁ“fir%@“fﬁ[ﬁ%ﬁ“d%ﬁogﬁeptlﬂgo(sg&?a? on of 25 ng/mM each of TPO
or FGF- 4, 29[ SBRmithivbh, FeT-ED, $niith 36 Blgdd Ren200hBee: 18195 r umrcondi ti oned nedi um
Feedi ngs of 2-3 tines per week are required to maintain high proliferation
20 | evel s and mai ntenance of the stemcell phenotype. Addition of 100 ng/m
of each growmh factor at the sane frequency did not have an effect. Using
t he above serum free/conditionedmediumfree nmedia resulted in an increase
in CFUs and LTCIC over the first 8 days over day O cells as anayl zed by
LTCGIC, flygw cytonmetry for CD34+/CD38- cells, Lineage depletion (Lin-), and
NCDY SCI D nouse studies. Although overall cell nunbers increased 25 when
cells were allowed to grow for an additional 8 days (day 8-16) the

\% hemat opoi etic stemcell popul ati on was depleted. Wi le the present

~ invention has been described withreference to what ispresentiy considered
to be a preferred enbodinent, it is to be understood that the invention is
not limted to the disclosed




30 enbodiment. To the contrary, the invention is intended to cover fﬁﬁgﬁﬁﬁﬁ
nodi fi cati ons and equi val ent arrangenents included within the spir

scope of the appended clainms. Al publications, patents and patent
applications are herein incorporated by reference in their entirety to the
same extent as if each individual publication, patent or patent application
was specifically and individually inffcated to be incorporated by
reference inits entirety. 2 0 JUN 2006 WD 03/ 055989 PCT/ CA02/ 01979 - 44
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are cu for a sufficient time to complete 1-100 cell cycles.

4. A method as claimed in claim 1 or 2 wherein in {c) the CD45+HLA-ABC" cells

are cultured for a sufficient time to complete 2-50 cell cycles.

5. A method as claimed in claim 1 or 2 wherein in (c) the CD45+HLA-ABC™ cells

are cultured for a sufficient time to complete 2-10 cell cycles.

6. A method of any preceding claim wherein in (c) the CD45+HLA-ABC" cells are

cultured in a serum free medium and/or non-conditioned medium.

7. A method as claimed in any preceding claim wherein the enriched preparation
comprises CD45+HLA-ABC Lin” cells.

8. A method as claimed in claim 7 wherein the enriched preparation comprises at
least 70%, 80%, 90%, 95%, 98%, or 99% CD45+HLA-ABC Lin’ cells.
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differentiating into different types of non-hematopoietic cells

conprising: Pey-hepEtapeiptigcHlsmat opoi etic cell's from unmbilical cord bl ood;
(b) enriching the hematopoietic cells for hematopoietic stemcells and

12. A method as claimed in claim 11 wherein the multipotent cells are osteoclast-

like cells expressing TRAP.

13. A method as claimed in claim 12 wherein osetoclast cells are formed by
culturing the osteoclast-like cells in the presence of a differentiation factor that

induces differentiation of the osteoclast-like cells into osteoclasts.

14. A method as claimed in claim 11 wherein osteoblasts are formed by culturing
the multipotent cells in the presence of a differentiation factor that induces

differentiation of the multipotent cells into osteoblasts.

15. A method as claimed in claim 11 wherein muscle cells are formed by culturing
the multipotent cells in the presence of a differentiation factor that induces

differentiation of the multipotent cells into muscle cells.

16. A method as claimed in claim 11 wherein endothelial cells are formed by
culturing the multipotent cells in the presence of a differentiation factor that

induces differentiation of the multipotent cells into endothelial cells.



progenitor cells by positive or negative selection to obtain an enrj ﬁhﬁﬂ
preparation of CD45+HLA- ABC cells; (c) culturing the CD45+HLA- ABC+ tel qufi
t he presence of FG--2 or FGF-4, FLT31ligand and SCF to provide mnulti potent
cells that are capable of differentiating into different types of

non- hemat opoi etic cells. 2. A nmethod according to claim1, in which in step
(b) positive selection is used to ob#&Fn an enriched preparation of
CDA5+HLA- ABC cells. 3. Anmethod as clained in claiml1l or 2 wherein in (c)
the CD45+HLA-ABC cells are cultured for a sufficient time to conplete
1-100 cel | 1Ty hRshodes chaiied hodams 1€ htichesl adtfoclediard fored By whlairRighhé N (C)
the CDA5+HLA- ABC+ cells are cultured for a sufficient tinme to conplete
2-50 cel | cyBwlipotant oellgpimdhe ayesanss nefd aj diffqrentigtion ofacter wihat dngiceh (c) the
CD45+HLA- ABC S / f Ok Lecient tinme to conplete 2-10
cell cycles. aigfe?%&klrﬁr%?rﬁéﬁhgw Lg%&%lrtgg%%@%&gogﬁ%ngmg einin (c) the
CDA5+HLA- ABC+ cells are cultured in a serumfree medi um and/ or

non- condi t | oned ium .7. A nmeth s clajned in apy preceding claim

wher ei n thteé)-e”nmegﬁg&sglaé‘ﬁ%lgt&%m ?ge}ﬁm%ﬁpmm rRedhy cplturpgthe g A
met hod_as cl aiuiRbtdd &R A thihiGe&inbe {8 2SRRGB SRRIAT {hAD if@IERE i ses at

| east 70% 80% 90% 95% 98% or 99% CD45+HLA- ABC+Lir1 cells. 2 0 JUN 2006
-47 9. A net didttrentiatomitbd multipmsnt pekciath mbipalyism wher ei n t he nul ti pot ent
cells express OCT-4. 10. A nmethod of any preceding claimfurther
conprising genetically nodifying the nultipotent cells. 11. A nethod as
clai med i n1@ny npfiRsesl A1gintddainia €N whifeid) 8EurSIOREME 1256 forie8 B dultdring

non- hemat opoi etic cells by culturing the nultipotent cells in the presence
of a  differthet maltingtent gellyin thepreseuen of addiffesensitiomifhesor diat rinduces

mul t i pot ent | S | eti |I's. 12. A nethod as
clainmed in cﬁﬁe%&?fﬂéﬁgﬁglgw%t%{zﬁ%% Oeﬁ ureglec % are osteoclast- |ike
cells expressing TRAP. 13. A nmethod as clained in claim 12 wherein

osetoclast _cells are formed by culturing the osteqclast-like cells in the
presence ofY-&t dP?tﬁ éntGlaimed ning glaimg 11 wheren qhgedsadrpcyies @h domadohY of t he
osteocl ast -1} I L ik | . Gl ai nsclaimll
wher ei n ost e%@ﬁg@gs&grlgﬂl?@?@mﬁeﬁjgﬁ§ gﬁp{%u?%g%l Cé\to{{:‘i ﬁl%rlé%g? éﬁtfg%gﬁ :ﬂ{shti n the
presence of mddedsfdfferettiztonaf theamtbipotehtitells msio oligodatidfdegtesnt i at i on of the
mul ti potent cells into osteoblasts. 15. A nethod as clained in claim1l
wherein nmuscle cells are fornmed by culturing the nmultipotent cells in the

presence oh) an fhdhl SNELAOM EIaiGt 91 WilkAdin ipaRMERR bah LR SRtbAREPRy Of the
mul ti potent cells into nmuscle cells.

culturing the multipotent cells in the presence of a differentiation factor that

induces differentiation of the multipotent cells into pancreatic beta cells.

22. An isolated and purified cellular composition comprising multipotent cells that
are capable of differentiating into different types of non-hematopoietic cells

produced by a method according to any preceding claim

23. An isolated and purified cellular composition as claimed in claim 22 wherein the

multipotent cells express CD45, HLA-ABC, and OCT-4.

24. An isolated and purified cellular composition according to claim 22 comprising
multipotent cells that express CD45, OCT-4, HLA-ABC, desmin, nestin and Flk-
1 and are capable of differentiating into different types of non-hematopoietic

cells.




16. A method as clained in claim1l1l wherein endothelial cells are fornmed b
culturing the nultipotent cells in the presence of a differentiati OpDUHlN?ﬂUﬂ%/
that induces differentiation of the nultipotent cells into endothelial
cells. 2 0. JUN 2006 -48 17. A method as clained in claim 11l wherein
astrocytes are formed by culturing the multipotent cells in the presence
of a differentiation factor that indud8s differentiation of the

mul ti potent cells into astrocytes. 18. A nmethod as clained in claim11l
wher ei n adi pocytes are fornmed by culturing the nultipotent cells in the
presence op5.aAmlidolgedmid pliifdl ElilLrcottpabition dUEOEsing mhiflepRedt clls @mt of t he

mul tipotent cells into adipocytes. 19. A nethod as clainmed in claiml1l
wher ei n neur S¥Prews ¢R4%@CT %@W%&eﬁwnmsﬁ%ﬁeﬂﬁuﬂ-l iapdaenepaleog in the

presence of g.l .entd af i o t hat.. i.nduce | f ent.jiatlon,of the
mul t i pot ent gle érfuﬁfﬁff lhg(ﬁr aﬁer%@ﬁt@eszgf n,&lnéléj (ho Ogésiié c eg% n@éhlﬁéﬁdcp‘éi m 1l
wher ei n ol i godeniigdy4 E$1ar-A BGaiintle pesdrice of FGFthe FGF-4j PoTHigandel | s in
t he presence o differentiation factor that induces differentiation of
the nul ti pot S@Ei | s into oligodendrocytes. 21. A nmethod as clained in
claim 1l wherein pancreatic beta cells are fornmed by culturing the

mul tipotent cells in the presence of a differentiation factor that i nduces
di f f er ent i 2¢.idrphafmadesticall cimpisgitn cednpssingtan pataedeand @uinidicd adlules. 22. An

isolated and purified cellyl ar ¢ osLtign gonprisjng multipotent, cells
that  are cafABPRG of W SRIMS P iy 2n RPRBrSRECHReEeRyble Cartier
non- hemat opoegdipients 6t difuenpr 0duced by a nethod according to any preceding

claim?23. An isolated and purified cellular conposition as clained in claim
22 wherein the nultipotent cells express CD45, HLA-ABC, and OCT-4. 24. An

isolated a urifiied Ul ar. c Sihti rding.to claim.22 npri sing
mul ti pot en?g'czgl S{htoﬁa?scgl(%%rﬁggsmc%% &:ﬁng? aﬁﬁﬁ%ﬁrA ,P‘asé%%' eﬁ‘,po?‘}ggtt and
Fl k- 1 and aCDASSABALABCT cdilf frefopmé haedt Robstacs, shidf desating the pRSereb or
non- henat opoi eti c ells, 2 0 JUN 7006 -49 25. An isolated and purified
cel lul ar conPénts ehae shset of His tesh subsignemen kg puyvivabe! thecprllssy @pas,
OCT-4, HLA- LA, i, : . apab f
differenti aﬁ?‘%&pﬁ%&% ff?‘géfé’kﬁ?' t %g’ﬁ% I"#bc?i‘?ﬂcéﬁn%‘?%‘%g@?i e{cn(a/c‘% foloculas iced by
cul turi ng CDdblddidsl pR@edglof theielis.he presence of FG--2 or FGF-4, FLT3ligand
and SCF. 26. A pharmaceutical conposition conprising an isolated and
purified cellular conposition of any of clains 22 to 25, and a
phar maceut pgalideoramGeNtRR 8 pafifibd Eellul©hRoSiBibn a0 Elaﬂhédlﬁl%y o Claifhs Tet hod
as claimed in claiml1l or 2 further conprising exposing the

22 to 25 in the manufacture of a medicament for replacing body tissues, organs,

—

components or structures which are missing or damaged due to trauma, age,

metabolic or toxic injury, disease, or idiopathic loss.

29, Use of an isolated and purified cellular composition as claimed in any of claims
22 to 25 in the manufacture of a medicament for cell and gene therapies aimed at

alleviating disorders and diseases involving non-hematopoietic cells.

30. Use of an isolated and purified cellular composition as claimed in any of claims
22 to 25 in the manufacture of a medicament for administration to a patient to

treat a condition involving non-hematopoietic cells in the patient.

31. A method of claim 1 or 2 which further comprises culturing the mulitpotent cells
in serum free and/or non-conditioned media to produce hematopoietic stem cells

and progenitor cells.



CDA5+HLA- ABC+ cells in (c) to a test substance, and detecting the presence
or absence of an effect of the test substance on the survival of E)ﬁe}Udeﬂ[lEs
or on a norphological, functional, or physiological characteristic and/or
nol ecul ar  bi ol ogi cal property of the cells. 28. Use of an isolated and
purified cellular conposition as clai 350' in any of clains 22 to 25 in the
manuf acture of a medi canent for replaci'ng body tissues, organs, conponents
or structures which are nissing or damaged due to traumm, age, metabolic
or toxic injury, disease, or idiopathic loss. 29. Use of an isolated and
purified céhlzﬁlfa@fh@fbﬂ%dgim Bonwhererl Bilnwing the anlfuefin skmimfree 281/oond5 i n t he
manuf act ur e i for,cel e thera es,ai ned. at

al | evi ating gl sor e(raslgg ; Dombers Oﬁ lﬁ% Q/ﬁémngﬁmh%:’ tagc?)@f%gcep%o cflps

Use of an i sateaihedamidbyttdabti2ebigel | ul ar conposition as clainmed in any of
claims 22 to 25 in the manufacture of a nedicanent for admnistration to a
patient to treat a condition involving non-henatopoietic cells in the
patient. 31. A method of claiml1l or 2 which further conprises culturing the
nmulitpotent cells in serumfree and/or non-conditioned nedia to produce
hemat opoi etic stemcells and progenitor cells. 2 0 JUN 2006 -50 32. A

nmet hod of claim 31, wherein followng the culture in serumfree and/ or non-
condi tioned nedia the nunber of henatopoietic stemcells and progenitor
cells are increased by at |east 2-fold.



