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NOVEL METHODS FOR THE | N-VI TRO | DENTI FI CATI ON,

| SOLATI ON AND DI FFERENTI ATI ON OF VASCULOGENI C
WEFROGEN7FOR CELLS FI ELD AND BACKGROUND OF THE PdVEING050M1050

The present invention relates to novel nethods for the

i solation and culture of vascul ogenic progenitor cells

fromstemcells and, nore pdrticularly, to nethods for

NOY Ef MEZSHODS FOR EHErINgWéIWR(a IDENMIECATIONs §3(eLATION AND

Ceenm B EEE B R PR SRS AOERICRRQ Rl s

enbryonic stemcells to proliferate indefinitely in
cul ture, enabling experinmentation with induction of
HELDeANDIBACKGROUND QF Iétt BVENTHINe- speC| fic manner

It tz-El dor,.J et 0
Revibi STRCEE FeonERteR I BYsh oSS b 6laHgh and culture of
vasQtbgthResroMhilor @élls% sté cdf0had Ror@ﬁﬁgZullﬁQ to TRl for

enbryonic stemcell growh and devel opnent is being
uwse néf/aslculyoggtlu giogdnitcareells ingissepingineering uessheh iang diagnostics.

know e.i's hein | gyed i n.a var nnovative
ther drat e ST A TPUR QPP TRIFR MRy RS PEas embisoni
K81 QB8 N Brolfraies RldeRAR) GR BREIrE) Q@abhﬁg N&pefimeta@én with
transgeni ¢’ enbryos and treatnent of degeRerative

iddstias @f dNEssentmtigminf a diedtéd; tissuvesppeifis inthmner @ckevie-EIdS;, J et

i) OVRE Pl P EP TR ' AP} d03GeRl200ga 3095004

$ &6 RN MSANE IHNAS UL 240686:03: 1q§0ﬁ92)exr1%tﬂaﬁ%nhwaﬁc stem cell
enbryoni c stemcell lines (Wite House Fact Sheet:

gowthy amd de@l@m@éll‘s bRegeearefhlly Atglied9 angd 0bd yapidhyasvemulating

n- ro. | afi of the conple of . .
rddedgbirend SRRy Bt 0L oyl 4 hestbeyip phplcations
iRfuggs! 'irﬁdlt&)eltlssﬁé %@&%&1@1dtrﬁrﬂ%%fdntdt%npBﬁ:ﬂﬂ:‘iﬁéoegeneratlon of
remains a crucially rmportant goal .

tuas gailid-ombetos aind i treatindnt yod iegerdeativie ocpmsﬁt M@Adlghtﬁcantﬂse the
S A8, B3 B OR BARBnct 2 Shyonic

HaR LI A NRSdiSine | dhd MRk &ArcHTBMA ORISR LM a/d §AncM&itkd projects using
endot hel i al cell progenitors undergo de-novo

edms‘tmgﬂmntanambmymuestgawdll dinds OWhiteHowsedct Bhefet rEmlzryonic Stem

el BiishsoaBiaoT kY5 HoHEE o R ARG Bnptahe olmplos steps

&%@El@gh)ﬁmc Rf%@i%ﬁlf} ﬁ?&ddc\@@uﬁs%ﬂtlal hERUS S dE&ACH cERNMENs and
a differenf function: internal endothelial cells that

dpecificc phenatys nehang a)crubiatly)dnp@tmhugoalon but al one

cannoj, C Ie vasculo Si S nd. peri I a

oot Blong Vel Earpaian it ppapaic Dagepeiabove Sl e
fragifhané féglnyl@dagesf 610&1115 &hu rd%vélﬂgm&{to\/ésgﬁ fRARATH &cufs by a
control (CarmelIet ure Med 2000;6:389). Athird

wetdss Irefegaddo as h@h@rlegempm,eml whish| hesodetmeally-derivedrandothelial

ogenitor with the vascular cells, a i fferentiat
FoEmist et ey fteRboG i 2yp B ftiite © form o
w61k QOFMARIVG A5ELY éYéﬂ%o{;Jﬂﬁo@@'tﬁéﬂ Al Naek 2I04k242). These
nmesoderm giving rise to the prinordia of the heart,

blhed desselalarageresallyasmnpicaedyef tew sell ineriges, rachh sering| audigferent
fa nctlcglasntltrercr)llapgr?dsottlllerlll%i ceﬁl% thatr?orm tge glgannel fgr blood conduction, but

alone cannot complete vasculogenesis; and periendothelial smooth muscle cells that

protect and stabilize the fragile channels from rupture and provide haemostatic

control (Carmeliet P Nature Med 2000;6:389). A third cell lineage, the
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i nvol ves the maturation and renodeling of the
primtive vascul ar plexus into a conpl ex network of

wo 2a0ge4am] snal | vessel s. Angi ogenesi s al so | eBdBI112005/001050
vascul ari zation of initially avascular organs such as
ki dney, brain and |inb buds. Angiogenesis is also
requi red postnatally for noriral tissue growth, and
feontopoitis télispuheun ectainbn| progenifoor weh atip| gasdular rtglls and

PRI ERE P e Blan el B SHEPIR T Y ssciedes pgours in
tﬁé‘ énﬁgm diehf AldsHErinbR Al r1s%tto e MFhOHIR K heart, the dorsal

:6/1-674 In addition, a nunber of di seases and
aubﬂapaﬂbla&geh&:smldmfeﬂle dsad dulm adl gastrhlnsebhml rsgbtem. Angiogenesis

oth rowt h: . endot hel i roliferatiopn
BEeiSroct SRolrEn AubrHBOIRe SateoR e IR g SlRkH o a
&ﬁgﬂ&etmw %ﬁ“ P%S%Begﬂﬂhl@t 68091 QUBNAESSsit Malso leads to

umat oi d art retinopat hi es, hemangi onas and
\prsarlarmtlen oFolitiaityravetculalr omnm swehlde ckldniﬂgﬁalm -an@ ?inﬁﬂhuds

Hanahan ,and Fol k Cel.l1 11996; 8 onl C
Endot WS DGNexi8] f STh I ANTES PRSI 1o rsiahdiosue Bfovitn, and
{oglﬁﬁﬁéso ﬂﬁogé?x'bhg laBuRNeFe g5 U refc‘arﬁ le SRR Bb&-v%&g%ﬁﬁtdna bf the

has reveal ed that EECs can pronote |iver
cmdgmnﬂgmn @srisg @vehaufrotate Estets, dhiriiBe pergoenc@Oinlthe placenta, and

94: 55 duc ancr di (Lammert E
Girngrood peain Be skl ern Lo FPESHSTak ¢ | o
car d'dlﬂcadaﬂ%l 8 fBhbe? &G SPER (ﬁlb&d&@ rlﬁ'vé IbREP associated with
(Condorelli Get al 2001;98:10733). Wiile the nature
afnordndlf enduthélat | growdind enkkxtl&llxab nieyperpodliferaton hial iagtlerosclerosis,

precursors.is, n et f under st 00 i s.becom
OB R AR Rk PRV o PN B e Hid SngioEenedt in

! ?@ﬁa@¥d ?ﬂ‘n‘&lf d?éﬁﬁ&;ﬁ'tlﬁés ﬁ%%gom&{cﬁps@)ﬁhéﬁgﬂh@i@t a®Nature

vascul ar~ devel oprent nbryoni ¢
Niedni998]11: 27-81 eHandhhin and FolkmanpCelt 8996;863 Bub4)ur e,

t endi spany aneoys ifferentiate. For ongoing
cul t ug’%é”y"é’é‘fjg’é‘s‘ftp ld“fé ?’ﬁ #°nass of blastocysts are
typi CRide¥rcH rlﬁ%h@ﬁln@tll)x?s\( %flgﬁfanwéﬁﬁe SFBMBAhE endothelial cells

fibroblast "feeder” 0 preserve their
(510 Hae revenled tthat Eﬂ@m«zanymematedhm organegerssis t(ylagsdaioteK et al
Curr, [ | Biol 1995;7:862-69). .In nmce, garly
s QADTaBH SO it oPYBHA Al JErEietiPRC (LERET S
B2 JeR s ugd tIQB{s Gietnkitie® itb t Ear@iak OMBdcIC Rlells | i8S specific
(PafaC|os R, et al PNAS USA 1995; 92: 7530-34), culture
mnMﬂmbs(Canésdhuamtat200h9&ﬂ@%1®nVWhhmhaunum@bfdgﬁm@nwnon
etc awa et. al..Bl ood 1999; 93: 8-7 or, in .
i et e o G BT CoLH ) ety 5, il becoming
@%Qﬁé(tq{eﬁjna iR de(@@%meﬁe&mﬂr{ﬁé @@ﬁérﬁﬂ)nr(ﬁgda%ﬁ'e{r smooth muscle
differentiation into three germlayers (Kell GM
calils (v-OMQ@) e kightBi liked SAH Vas@@2r deg®lopmiht: i ne Errbr yoni c
Stem | s Study of vascué&genlc events in

cel | sERAE OB ARy A vEITES: Ho nBARidh oett &urs,naen%mg to
%ﬂ%@ﬂsl;‘ahlf&%ﬂtﬁtéqa\fi%r REEHing RABMRT ctIls RLAS theCRInkr mass of

ol oni es
blastocysts are typically grown on a layer of mouse embryonic fibroblast “feeder”

cells to preserve their undifferentiated phenotype and proliferabilty (Keller, GM Curr
Opin Cell Biol 1995;7:862-69). In mice, early differentiation into embryonically
distinct cell types can be induced by coculture with stromal cell lines (Palacios R, et

al PNAS USA 1995;92:7530-34), culture on substrates such as fibronectin, laminin,
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generated from nouse ES cell-derived enbryoi d bodies

(Choi K, et al Devel opnent 1998; 125:725). Also
wownkioagsaM th nurine ES cells, N shikawa and cedT/H2005681050

denonstrated that 3-D enbryoid body formation was not

required for differentiation of |ateral nesoderm

cells. When cul tured non-aggregated nouse enbryonic

cdbgen, wer €0gawavy ehalaBlod| k&?@msdbé& -73) e, inceltdosaggregation of

RSHGHR 595098 pRUCERBShufhetRbr BEBL et reon

t -
SPSEAEI o N0 0 it 3

6P). et aI Genes Cells 2001 ;6:1 113). Wiere markers of
snoot e cell (S henotype (e.g. surface

mar k g”&ﬁ Wﬂﬂﬁwgge observed, early

peri eqidof Bebaseﬁlogévﬁé eMI Ak 16 B ERR BRRifstructive. Both
endot helial tubeS can be shown to trans-differentiate

Henooptofetice autb tendbthelial ( @llst kaviee bepar obiger@doat ,blasC aetl adlpnies
At her | er Thr ase Bjol,1999: 19: 89 ,

PRI RT MRk Coreel dnyh FRbER DA A Development
w@@ 8Ri7H6y. S Ak Kldikinghhvith SREQAN ¢S eéusa'mslﬁm RndUSAELues

cell s can” been observed (Yamashita J et al Nature

ROQOstra08 1192 3-D emberoed bodyt foemption was détrrequited for differentiation
mra olate fro m)&a_gto hu n EC s %egrrs haveb 1

i BEOPYTh Y i “t“é‘“rq e RE HRPUFeGyPryonic cells
WY r@@ﬁ%ﬁt@LOI RO @@o%ﬁﬁteaeéllsré@%sﬁﬁg‘%&&ﬂa?re%d§tﬂ%@l‘¥dl &Sadherin
speC| fic (see, for exan”pi e, Reubi no

(Bifotah netregfoud00: gige 386- t4 OgmatGipeetic cdll (lyishikawa SI, et al

Breigprarer | ©9s g3 A0 EpREa oG, SRAWH Lo AT, and

lﬁﬁﬁ&w VEEGEL ddiksoob1:6KPR}). | Wh%%ﬁ&&%doﬂ sghooth) muscle cell

differentiated human embryoni c stem cel
(SK&QLY mphegotP® é¢. galsumsmriwdln%phol@w) 1aﬁe 2dbscromed, early

T T TR
Dahs430re ke FOAN GRE | BOHRALM N&ifddPeRR ofle-%R AC et al,

expression may vary anong vertebrate speC|es (al so
Atdwiosvied Thyorhb sVaskaBim] 199811PKA&88), SindediffetenGation @Qbiembryonic

Cell Biol 2001;13:86 Lev erg, et, al evenper g,
GOt NS PIEATD B b i i f“rf‘ef»m?%bm% Ceffs can

BRATHRLNES §IRhHLI ALt marlkx%%e 206014 08:993S ClHbREver, attempts to

endot hel i al' cadherin (VE-cad) and pl at’el et endot hel i al

diedclly astrgwilate frool eoubeto HunjdPEEBMy 408DRaY¢ mehwithabsgpointing

AR ok i e e Sbpmeni! Bl o Rem E B Yecies

%@Q@ﬂc Redel R eRBRAES REQULiRAE BESt al, Nat. TRoRBIHMY. 286®18:399-404).

nbi nations, are crucial to hdman vascul ogenesi s.
$hectivaliytin gontrast Bt i e€piesSoHimmousEndmiyponic seme(mE$)ES]s, the

Sl bk ST TR e
PR eRifld l?dma&-éng’orygﬁﬁ ste¥Peel R (ﬁﬁé} 6%fﬁ19n Gﬁ@@hﬁrﬁNﬁl@USA

and Shanbl ot t \ have recent been i nduced
20100 £%68r. BTl 6@t1§3 amh dmlest mot iincrease eluking |thea‘i‘gﬁ weakc of dxfferentlatlon
nner ( Schul

evenberg, S et aPlPRJeArS lK‘SGAt 2%62;53':%?91-96), indicating that the timing of
VEGFR 2 expression may vary among vertebrate species (also reviewed by
Nishikawa; Nishikawa SI et al Curr Opin Cell Biol 2001;13:862-69). Levenberg et al

(Levenberg, S et al PNAS USA 2002;99:4391-96) further reported that other
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2000; 97: 11307-312, International Patent Application

W02 10347 A2 to Benvenisty, N). Since hES cells
worzionh&i7es t he enbryoni ¢ stem cell phenot ype t hp@umliroas001050

hundreds of doubling tinmes, and differentiate to all

enbryonic cell |ineages, th?{ provi de a potentially

unlimted source of cells f study and clinica

mnppﬂhektsdtm@trkerqumtmelyemp@lpoleedotbel@h@aélmi@t (&Eicad) arel platelet-

SRIOWENA S MrRpB P P Al B eed g The fir

w&kl of s r(ﬁfféi‘eﬁt@ﬂloﬁoc@l%& 6}1 n@bo\Mlhﬁl&l‘ tok‘eéxp‘i‘é'}ﬁloﬁlgf specific
(rmurine bone marrow) or Cl (yol k sac endot heli al)

mdothﬁhal -spedific Ifactess, i theuaripngpriakeeceplbioaticnsc ercoérupial teahyman
nqn hemat opoi etic tissue characteristics such as
Yﬁﬁ O&Ff¥ce antigen CD34 and hemat opoietic col ony

f or meiyi,An PR stpcelis al  PNAS USA 200 1;98: 107
16-21). In another recent study, endothelial cells

wer e Heharcembrybyicstan () celh gnéspxﬁ@s)ﬁmtrd@nwmmaw% (Thomson,

d b bod
For Geltget FBta e lantB el A 0B Ros 10 ThPRSh Buabls, Pec
N&-.9/8NR6%0 RaBlar@D BN ShddiAo@ QO3; A 1538 LecBR) b@ﬁqnduced to
sel écted, PECAM 1+ enbryoid body-derived (EBD) cell

Efthichiiate dn endotinel ¢l lingageispécelic mannen @Chssltiir@s l\é L8t fal é’§1 AS

APl 50 rnfef e el R AopifRien B ORR R EAT B Bemanisy
| tsihed HIS eSO hlaifibias tHeabRblyVRicr el kel %@%pé—fhrgﬁﬁlout

cells were further observed form ng vascul ar
Isndreds f eloubling itiss§ aid diffenentistsetdi all) corprisinadieglt didedges they

S pllBoary ARG sEenpb ol Sl b Eligee ptication

%thfh%h%fbfpbéhb QAd ehddieIRN e RtiAtRorEhdvE Blert 865l lih Aman
th non-human cells or enbryoid body forrratlll Erlor
S

IES) ca]dpeaT@rda@ dfenatetwidtis| differephathat ppabe hdiSdcells has required

g B an PR ot Bl SR ol gr ERBHTRUE R Epfiin
Sdehal Q§lll“lfn@§’| iBddg fﬁé%pﬁirhﬁﬁec@fi prﬂﬁ%' HimtdnORSnatdpbidtic tissue
it would be advant ageous to provide a sinplifie | ess

cémmetcsusu@ smeh hocelofurfact antigen @D%anédlemﬂg)pawdc dbloay: farmgtion

R S et L e e e

éd&fﬁﬂﬁﬁ&ﬂ déHE %&e?@ghtle&@d BELAIPH Y (mc@rﬁorql}ﬁlﬁlaase%r?md bodies
nunber of techni ques and nethods for preparation and

U ofing nnmn;oohn@l sutéwodie| taised aigaidst ther emoitizeliabspectfiar marker

BRCARLEy Bkl Soet JBPRRSL LS e ool BT, dpe aslopred

PROASR ] Pf elﬁto@mcp%hméﬁ\%&i (EBD%eéélﬁpbﬁmbitéH endatheRd Abecific
Pat ent Appli cation 06 to Cbelli et a

dhactePiatics stoh bs vert MbHekFPami fagm,u BEGRBS arR0VE@0d ses@e markers

to Li.m.et al 20004

gy Prigigye. aéﬁﬁséagiu &R ‘°§t é”xl\?‘& e%i‘%“?‘ﬂ 8 é‘nﬁ?@ ofstrate
{‘M&{h@é) fPECAM-Y i BT eelgfw&e flreiee BBée@&e‘d‘}Bnﬁiﬁg e«ascfu% structures
exanpl e, International Patent Application NO

001002 olkviog becdingyi - lﬁbdlmrad;lbbnd)oagnvenn@tﬁy Nponges and

l%rﬁéig)nhneg{;(z%ﬁgg%cggh ogvre\%]rt Iaﬁt of° t?leOfboic’/et:rgépltlco%ecli metﬂods for
differentiation of human ES require either coculturing with non-human cells or
embryoid body formation prior to appearance of endothelial phenotypes, and

immunofluorescent cell sorting for selection according to endothelial cell markers,
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di scl osed. International Patent Application No. WO
0134776 Al, U S. Pat. Application Publication No.
wWQR20e0Tr5694 Al, and U S. Pat. No. 6,280, 718, BE1/112005/001050
Kauf man, D et al, disclose nmethods of differentiating
human enbryonl c st emcells into hematopoietic cells by
cocul ture with mammalian stronal cells. U 'S. Patent
rapgsringathém rbofy bbstkyazmdotmsmable do20ap3einicall apphcations.  Thus, it
H et di scl oses h i dentification. and .
Vol o sttt by ouRmBLHes e arbrbnbeGag B Cplprine,
S0 LBng andl direLiHOS fleRtiRE L 61 hﬁma@%m@%mchﬁanaéeu@ elitBout the
and precursors based on Vezfl expression. A's
lithisatioms el aggregation lirvd smfommdrb@thésaarl lmgltmnﬁu@tgmessseéqctlamd

di agnosi s and treatnen vascul ar

ot 18t arh el e Rembsri S (PGS o8t g or preparation and
HRl?ChibPfbnidTRAAWATESH di FBRn RN | KAk t@éhnﬁ{uek @ééﬁall@d Aner-cell
Vezfl in tissues. However, the transgenic ES

qumellsnﬁfmr@l@bewstmw md]ryaosr(éssh ommrcsgrwdmgsea source of stem

GRS ol iohi PRl I B 8% a1

éi%l:ﬁiCét' aﬂ’“U sa%P f&;ﬁmﬁaﬂi&] Pmlcﬁhéﬁpt\% u2!0?)2004352(59 AD® Lim et al,
basi s of Vezfl expression, thus failing to overcone

200200053¢ 6 rzﬁdnml\&}w@ Mamytcmhqrsméy afonzggregatann ofithastdm cells into

BBV Rabeis R P00 Siereatiat? Siendht Bty Hemationsl

eli&f |A%ﬁ§at%tl’m@ Gksofo:aﬁo@mf As &@R&Mﬁk@ﬁd&r}d&nﬁ @eﬁ%mw N9f
human “enbryoni c neural progenitor cells,

t her aﬁéa‘utusonewo@ﬁmshffueamﬂﬂlonmfemm g:atl$ e cwlstgs have also been

B0 oG TAPT e ey ARPIGHOT o RS a4 urAl- US. Pat
ﬂ%%ﬁé@@h&@caﬁbﬁ@@é%oo%(ﬂ 5805 A 1dehived, PAORD léinZ%@ 718, all to
ryoi d bodi es are selectéd and isol at ed

Radorad] Peettad, dizgossmetbndaofididietantiating hahamembglongestém cells
NCAM. and

Y BSPUR CPb BhCOMIGR SAD BATRBI) ATsil sels, oU-S. Paten

RapiRhabh @’ubh@aﬁgn% PRY0b 61237 qﬂllsfd SRAIARL 1PdE af @icloses the
treating enbryoid bodies wth n-butyrate for induction

idéntdfichfien end |1mlattmm ointhe Vwspdogenysierdlated ggee dekflsin Mice, and

e Br stleRirredORei Sein AR mer domabrst Ve fapression.
ARBldieRstPite mtﬁﬂmo%%ﬁﬂkﬁiﬁn&iﬁ hd @iﬁéﬁd%ﬁadnd treatment
Pat ent Application WO 0210 to Bénveni Sty)

ofi vaskdse disnm_e rmldsnefoptasthdmr actbidctdithief methods anipbeyingfletection,

N I s —

EOIcER Qkﬁ&nﬁ&ﬁs QRCHYEE et OfesiicRideR! tfnbﬁ:sel IS8R By cells only,
type. factors used were known effectors of

ahdf iethenthisian gror asy cchhelsprrrmte reoiley@cells wesunsedal Furthermore,

owt h factor, h fact | brobl. a

Heailpm a0 BdEicRee. B o bty o6V ] lrSSvich, thus faing
fdedvEddhidatle Ao HendARY A dIBMRafOR 6T %g?&gau(ﬁ‘ﬁ&dt it@nunofluorescent
appearance of tissue |lineage-speciftic cell surface
soptikger s. U. S. Pat. Application Publication No.
200108%1?’atent Abphcatlor‘ril E’ggl’ica't\{lor? N0§150020039724 Al to Carpenter, M K
discloses methods for differentiation and selection of human embryonic neural
progenitor cells, and therapeutic, diagnostic and investigative uses thereof. The

disclosed human neural progenitor cells, for reconstitutive therapy of, for example,
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di scl oses the use of extraenbryonic, norphogenic gene

products such as Hedgehog, TNF and WNT for nodul ati on
wmboohesEsDpoi esi s and vascul ar growt h from manmel/ii2n05/001050

adult and enbryoni ¢ nmesoder nal -deri ved stem cells.

Mani pul ation of the |levels of these extra-enbryonic

gene products in the stemcél |l environnent, via

rextad rdnaetnesqwbuchms:eo are aso dgemvedifoone hyimae enibmgpid bodies, and are

a is disclosed for either i ching .or .
IR S gt erer @R Eoo PR ARG GR (it feural cell specifc
RAKERA! 'W(t‘AN/f aemnes! | sik@arlyr m&&&mna@%t@htagpﬁmaﬁoﬂf wO
di seases i nvol vi ng bi ood abnormaliti es,

hipha4 ask td danztailar, anédvapautraMiz aliscloseamabthods for treating

t f t | 1. h
AR hicsr SRR JBh Rt ph o eRphoaue hegatoove
1eapP Laiss. uwonglehmm% Arud tof%nee;ggfegaea GESCLHSing & simplified
presented, and no nethods for culture or selection o

IndhOQQQthamﬁdrsnbny@nlmﬂstanﬂm&mms desi gned to

b d |
i sc i Seaty Tpeveriia otegtutionel Bl hPRIBnid Qspi932 o
Ba chilS¥ RER Y E n‘f@ltl(mgdfoﬁ ofirkdi&d 'dﬁ’fér&r[tﬁtlbg’e B iR tdn®yonic

i solation and cul ture of human vascul ogeni c progenitor
gteh | e@lls Suc reatinge apgrdgaied] ¢rhlerypidogedyi-dasived edells Wil expgahous

her eb e ed for in- |tro vas neerin
Gy A B8 sHRGRs foll2 st g SR TULEL, , FRPRRRR Wbl were
l@ﬁ%egﬂé&&r@%fccﬁkfe%ﬂ%dmlshéﬁ &§ refifdfic %\:‘i@l %@ﬁﬂoﬁﬂ giadth factor,
devel opnent of drugs affecting vascul o- angi ogeni c

gpidermsk gsqwtanﬂwfomr fibeahddse rgrowthe $adtgrateton and1thfftneB‘sa1®n was

$ i ffer iglon and devel op 1& SUMVARY THﬁ{l i
CUOP Ny ARV %’é‘g & APRRATANE OI?:%“&% cage-spectlic

deN\sgthdcORadkb@re i s provided a nethod of preparing

vascul ogeni ¢ progenitor cells fromundifferentiated ES

cel I sU.St Rat. mgiphioatiaf PuinitceuOIbwoc a0e100d4meps Adi ta Bala)m M et al,
renti ted ES cells in.a manner suitable. f
kot i et R RS P BPTHRE Bt A PUiR SHEhdstisdechos,
BeF| 8nd WRTVESE YhQfifsticn BF q%mt&lsaﬁes%elaha visB@aLBFowth from
obtaining a m xed popul ati on of I's; and isolating
mahhsligmadule and hmbqamlcmmﬁsﬁqdonnéaiedvnd xtech padlsul Menipnlabén of

eIIs d cells naller t han .50 mm
GE 1oiisol e S gaMTanS Bt Hodgts BT BR s sell aatiFsment, via

é?éé?ﬁ'ﬁt applichdn, RiresBlic iR 1‘?19&1@” foh%f{ﬁnﬁ[)l% B 91‘51:1‘3?&*1 for either

met hod of preparing epithelial” progenitor cel from
amnighing @r dmlllnasfnmg tEShcmhtbpmetﬂhmdlim\Iascillm‘f}fommaﬂoﬁﬁyem cells for

culturln ndi.vi dual u %ferentlat d. ES s ina ...
Cnd DdEETER | oGSt ABYANnEqt PENdor pypgmalites
H&'ﬁgl‘vfag&ﬂa‘?ﬁhh@{ edoFaRcfiftizatioh Ahe r4ASGHAPRRDA 6f QEQ@? nHtOWever

cells thereby obtaining a m xed popul ati on of cel
adthdugls dieatimeng of unsan| embeyonichBssu&O isTproposed, i ckampkesdusmg
ul ation of cell.s,

iRy S0 On e SomF DR U reeried: ATt dip B ooy equltare o
REeL&E rofaﬁ&?-‘ﬁégr@éatéd‘%nﬁfrﬁﬁﬁ@tstérﬂvgfﬂfs' ARsiEh& Qo ! Svercome the
a%t)sgrlneniloned limitations, are disclosed.

Thus, there exists a need for a simplified and inexpensive method for the in-
vitro identification, isolation and culture of human vasculogenic progenitor cells.
Such a method and the progenitor cells isolated thereby can be used for in-vitro

vascular engineering, treatment of congenital and acquired vascular and
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nmet hod of preparing somatic cells froma popul ati on of
vascul ogeni c progenitor cells, the nethod effected by

wobioaisi7exy a popul ati on of vascul ogeni ¢ pr ogenP@DIL2005/001050

cells; and culturing the popul ati on of vascul ogenic
progenitor cells in the presence of at |east one
growth factor suitable for i'nducing somatic cell
hginfatcdogerli altrioanalitiksc dordevejudtonyatd develémmers sgfedtugefatfecting
t he present i.nvention there isé(ﬁr?vi ded. a net hod

e

of .
VG a g 2REIQREHCA PTATSETh Als £9Te TUI s ITpVeRjpgation into tissue
NASCHEARANNE dBVAgRRE4tor cells. The method is effected
by culturing the vascul ogenic progenitor cells in a
differentiating medi umincluding a serum vol une

SIMKTAR YOF ThE NI 5%for a time period

: 0 . differentiation of the
vasc Ul QERIHE tPbRISPESAT tRE bleSert HhRn¥8S Shtk@ls SOPRED a method
nmuscl e cells. According to still another aspect of the

qfipesparing ivasceligemin prdgenitor eellp fromi wielifferembiat¢tbldS oflls, the method

nerating endatheljal c s fro ascul.ogeni ¢ )
<BESGaDL e o Vel b bente ey SO By Bunees itghle for
ihﬁlﬁ:_iﬁ’g'?‘&?f&éﬁ%ﬁkbrpo%@ I8 GitfeRinticRl IES dells Qnt@l'\fagc%ﬂ&%%ica}irbg&itor

medi um i ncl udi ng a serum vol ume concentration 1ower
deHgrth&ebpybtaminge nfined populatenpdcelds] asdfisdlatingnaellf smaller than

j nducj.ng differeptiation of the vascyl ogepic )

g&ks@eﬁp%gloﬁal 8K PﬂE‘BatéWd%{ ﬁ"é{;i sid <& Féglaﬁ%rcﬁaaai%’gu@obemg
the present invention there is

‘%?%IHV(?%gg:rpéggr@{ﬁ%%%afgf enhancing differentiation,

mat urfaddoating@na/anpthetinsicacoodlthd prezéntvimyentiomgtheiec isc plolviled a

The method i,s effected by exposing the vascul ogenic

pethed; of é’r%Pa‘é}H%&PlﬂP%@g grosenifgr gells dfom ua9ﬁ§f%a¢ rE§ cells, the
i i ffi.Ci . t.0: h 3 i f. i i ,

hiis LR B G indiaER BIRRRR{AE! 3 (Rl Ao, manner

suthble fokdnduoiigdifferendatidn ofahoumtfferasiiaed ERicelidiatqpvasdogenic

invention there is provided a nmethod of preparing .

RyegsRifPn Felfs Q@rfg,y Qbtainipg 1 Beredspoptation Ry siisoprdaishlatige gells

[ f | ' i | 1.5

IBERBh S8R ok PSEN nETbRIRARTICEAG (A ooz 18R than 50 ym

tedlg epithelidl peogeniesaetie of at | east one vascul ogenic

and/ or angi ogenic grow h factor, under conditions .

sui t aMicerding 19 yehaPHigT aspseipiatne ressifeinyeitiog, tasrei 1a Prayided a

. ; - .
560 8 g SEAEC LR SSpll o AL ATLAIGELIRO! 2
thia aethodgdfected hyogediningra peplulasioh ®f easdulogedici progeniteniells; and
soli.d, vascul arization-pronoting_ medium According to
Cyﬁtlr% thepraputation pf g@squlpgspiss PR fellsdin B PEesercer¢feat least
dn@ é%%%t&es%%b@ 5k iB&&c‘?ﬂﬁséo‘ﬁ%tiE BH 'gﬁ?éré}{iiagfm.
vascul ogenic progenitor is cultured on a 3-
di mensicortihg acadtfanbther Agreor ofi thg predesit invéntfourthéxeris provided a
features in preferred enbodi nents of the invention )
%@%ﬂf Pgéan%éqlwvmelav aaoathopussle calitifiom yassnlogamr progenitor
t i . LSti . .
TR o e TE efeurd Bl v ER0BREHE Bodkhior cells in a
diffieremoing trhadirAigpludipg akseiet volume concentration higher than 5% for a

time period sufficient for inducing differentiation of the vasculogenic progenitor cells
into vascular smooth muscle cells.
According to still another aspect of the present invention there is provided a

method of generating endothelial cells from vasculogenic progenitor cells. The
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derived growth factor (PDGF), ephrin (Eph), fibroblast

gromh factor (FGF), tunor growh factor (TGF) and
wpbmeesrsd growt h factor (Pl GF). Accordi ng to BEI/IL2005/001050

addi ti onal aspect of the present invention there is

provided a nethod of determ ning an effect of a factor

on vascul ar devel opnent, gréwth and/or nodification,
mdtigodnistefiiecteé o enttedngihecbsailogenty roganpot a¢lisan aodifferentiating

vascul.ogeni ¢ progenitor cells; exposing the populatio

R4 JRENUBE i R OGTE GPReSBIrREon e dhamsrpy Ve Tor a
tﬁ?etﬁe"ri'&i@Pﬁﬁiéﬁ?fcﬁfiﬁcﬁ&fngocfifﬂeﬂ%ﬁti{tﬁﬁt&ﬁh%s&ﬁl@gé?ﬁ@fg‘ﬂo@&difb? cells
of ‘'vascul ogenic progenitor cells to thereby determ ne

inthenddthelad c¢llser eof on vascul ar devel opnent . Accor di ng

to further features in preferred enbodi nents of .the |,
| nverGeoiinge o fiber P By AHBE EEERY MYEnUpR, (st Lippigvided a

s A w sl i S35 i

celtw €Ftel roethokd Baffebted by ekpavinghthe vaculgenis cellgrotasheardorce of at
angi ogeneses. and/ or vascul.ogenesi s, downy.egul at or, .
I8 ﬂé&gé/me fet HEY PG rﬁﬁff?‘gw&ta oF_élQartca@ﬁ%ﬁﬂ%ﬂtﬂﬂemawraﬂon
aH&’/BPhﬁHHi&Ybli%f oMﬁ%?&Hc?&%&iiE cBfsogeni tor cells under

conditions suitable tor pronoting angi ogenesis and/ or
vas ¢ WoogelirestosstillAaodred iasgect of gieidréseftunyérdionftbere us ovided a

referred enbodi nents of .the jnventjon_ describhed bel qw.
RGBS ar g VU P e B RAIEG e RY P faining a populiton
"Fﬁ‘iﬂ%ﬁ‘gg NEDhrSocHREE YAt Ha MREIRAhe! BEpUIRERO G fHikENSEenic

cufturing the popul ati on of vascul ogenic
progegiod detls ircthk psesematent at wastione vasculdgemit iandfor angiogenic growth
angi ogenesi g.and/ gr. vascul ogenesi §. According .to a
Rl HOe" sopbemon R R GE Yavoiv ot eraipGort
provi st Nl el PR fQfedPERYENE he i i
vasc:lﬁ?rdgllggg&ase oe? %%lﬁ%je%st 1?ﬁoﬁﬁi ér%{ea manmal ieg% gfuﬁ)jee}:ntv,e ntion
desueibed belod thé pemtlattbnbyf vabduwdgenivepragenapudelsiioeultfed in a semi-
vascul ogeni ¢ progenitor cells; and adm nistering the
PSR WEOIEP@%E‘N“&S‘P“&‘HH s into the subject under
condi4dcBR Sty §&%&hér%at§}egw@ﬁfé th)(gcﬁﬁ@ﬁ‘tts'o@ttheioﬂlv@%tion

t he vascul ogeni ¢ progenitor c s 1nto endothelial an

deswibet bulse | the gmipuktiododfovabicnlggemc fruogdngor fieatilined oma 3-

cfr eferred odi nrents of the invention described bel ow
mensiepal$nalipldyi sease or condition is selected froma

91 OUML&ORRASH S REhECRIGRS iR préeied LabofihRAlsAf Re invention
acqui red vascul ar di sorders aer I schem a/ reperfusion

desqribey beldectbe stastglogeniy @ehd/ar fngi¢gdeaic fastpestselzttetl Hwm the group
resent Jnvention [ rovi nmet hod of

cgagsmgaqfivz? &nelet erl;pegac'}ﬁtb&%%%re(, > PR RO BY (e dpiclet
ég)eilvflgél%m Rt @ @Wg?@m qﬁghx%&%@a?gb&thpfa%? lrmlrd-gpy, tumor

contacting th ascul ogeni ¢ progenitor ce

growth fhdter (Tifyahd alacentslsgrewtin@letor RIGH).t i ons sui t abl e
for Stig&{iati n a i?n of the vascul oIgeeni C
I

di fferentiat :
pr ogeHiePEFNE 9 Asaddifiagaeieeiind fheupresatt Ny her 15 provided a
method of determining an effect of a factor on vascular development, growth and/or
modification, the method effected by obtaining a population of vasculogenic
progenitor cells; exposing the population of vasculogenic progenitor cells to the

factor; and determining an effect of the factor on the population of vasculogenic

progenitor cells to thereby determine the effect thereof on vascular development.
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nmuscle cells. According to further features in

preferred enbodi nents of the invention described bel ow
wa bwenzate®l | an tissue is an engi neered, non-vaBCUII2n05/001050

tissue in need of vascul arization and/or an enbryonic

tissue. According to further features in preferred

enbodi ments of the inventiof described bel ow

cont auxcbnting Ite fudlsw ufeaessi n predeyesdi ewbodiwlehss of the irtvention

l,i t I, f d, i i t ' i Vo.
dReTihe rig™ e Bactaris A HTPRE iR n S P e g i
I nvenddceRitd]] Get! fartdra¥httlRY iR pRatRAQHeRbodifleh@\WMAe Hvention

preventing a hematol ogi cal disease or condition in a '
desaribetli belowulbihee dagtott He arepliatihveefahgiogeandsiby amijoraivasaudpgenesis

Gl hsreh s A8aipe Julthe Bl ciBiride e bopyiagion of
\&E@ll&é&ﬁk%#ﬁ?@? e RONHE: 18RSI HSAN sithbR foP hrethdiiAg ﬁ%g{icg@nesis

di fferentialion of the vascul ogeni c progenitor ce

andtoo vasedlogbiedsisal and bl ood cells. According to further
features j.n preferred enbodinents of the .invention. .
descrAseene o1l P FaGr oG, e SeRSunea g invation
deScriRliepied HROMhGoON QU dﬁﬁﬂﬁétahéﬁggﬁfesi‘éoﬁﬁﬁ& tabculogenesis
bl ood di sorders, acquired blood disorders, clotting
whrepotatiery swhereasn depinaghode fuitiseameludés cmltdiing the pepuldtion of
features in preferred enmbodi nent.s of.the invention y
VaRlQgeRicy RREHHPL el niPAGET: IFENYERRY ditibine ofingiogenesis  and/or
WMiastsepagni c cells is effected by culturing individual

undi fterentiated ES cells in a manner suitable for

i nducAeegrding te ncutthart aspactodf theepresed: frfvengorn tlered FOvided a
ceL(Iﬁ %nt 0 vascul ogeni c pr ogelni g.or cells t.her eb%/i i
Behod AT Feng ETCPRIE & YASHIak diseast O SRRCINGR fing g malian
sﬁﬁiel:t? (RdTRletRl diRRdSE), BBaini M g)%bﬁil,aﬁ&ﬁ(%fj vRRAahit Proghitor
cells. According to still anm additional aspect of 'the
opllgsamt admingst¢ringntheheaseulogenic pvogtedoracadlsnintrsithd ewbjexft under
matter cqQ i Sing substrate and opul ation of .
PAEENSHBAPE {BF B Aror SEEIenGadih e 1 RRguPgerie progenitor cell
IMRIGHL@ISN afid BMESEhiRle &R s are prepared from
undifferentiated ES cells by a nethod effected by the

st epsAccordingirto rfgrtherdfeatutiesain praféridde embodiateats &S thpelinvention
j n nner suitable.for inducing.differentiation of . .
deieshof e v g st fisease a5 P BAHIRR i SpLestEd TRy Ajegoup consisting
Jir O%H%e*nﬁﬁl celds&yliher 8 qb! al 434 iged? Nj2$&HarP ORI ALON and
of celTs and i1solating cells smaller than 50 mm from
ischiethiafrepeduspapinjayi on of cells, said cells smaller

t han 50 bei ng vascul ogeni rogenitor cells. . .
AccorARREB 1 YK AroRhercisPest o te priieat Wb eRipLtEisds Reided a
REhdDer LAY {5y HeSmhi e QSMQ,Whter}ﬁetﬁH@%Hé&Ei@ bySobtaining a

sel ected fromthe group consisting of matrigel,
mollatige wf gesculapedicpobgeretor celds edrftating Abc vastulvgenio progenitor

st.ill.further features in preferred. enbodi nents of . the.
qeh%emt_ of ey dBUPTBEY ity rvs%r%@gﬁw@%& offeén?%»“atmg
G fieRtidtRnCONHRC Ve ulgbtic t 8o &iRs tdeBt §ntoNeiothelial and smooth

muscle cells.

According to further features in preferred embodiments of the invention
described below the mammalian tissue is an engineered, non-vascular tissue in need

of vascularization and/or an embryonic tissue.
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manner so as to induce vascul ar devel opnment within the
substrate. According to further features in preferred

wenbediorent s of the i nventi on descri bed bel ow PEBIL2005/001050

hemat ol ogi cal di sease or condition is selected froma
group consisting of congenital blood disorders,

acqui red bl ood disorders, clbtting disorders and
neopléasbidinglits dargler fRetomsdinngrefaredeembodimients ¢fethteuingrention

in preferred enbodi ments of the invention described .
AReriBes 5|0, FPHiEE R NARHRESEIC RIRBSTHIOB £l Malhe plmmalian
tﬁﬁieli§Pé§orﬁ{eHQﬁ'Vfﬁ% MMnSHRI ecting the undifferentiated

ES ce

s to at | east one condition selected from a .
" gr ouAccomisngstoi stif) aofurthercasgeat of dggprespat inyantadn BSredeprayided a

L e e S e
niinhh S5 ENdubRct, e ﬂﬁe%ddr@ffeefe‘a%ﬁg&lﬁﬂnﬁ% %Shd')ﬂdlatfdﬁr(;ff\earsculogenic

features 1h preferred enbodi fents o e I nvention

paezaitoheedls paidoadnihsteningitlie easenlbgatie progénitre|ces mte the subject

hHrmn ES .cells, Accardin EQ an_ addi t. onalq]tzés%ct ofl .
W SPBEHARS | SRHE B eHEplanng BRSIRHREO, ofo o astlogenic
p?%%%ﬁﬁ& R4 sndetdirhdial afebibsd E1QM vascul ar tissue, the

od effected by subjecting the vascular tissue to
condiAdcorisng] és ifgrtlent feeturedi B1s prfatddngmbedihenfsr ofirthehmvention

vascul ar  tissue, thereby obtaining a.m xed. population

et Bt B emo Dol dReeath Qi & SHERRE ROy rprou
cégsimfgf(ff%h aHitdl Hlos& disBRIM, atduddd HoddedibstderdCGotidl ABorders
to a furthef aspect of the present invention there is

apd avopdaticaiseedehod of preparing epithelial cells from

vascul ar fissue, the.nmethod effected .Subj ecting.the,
vaschRPrding &0, durthet BAMTE, wngreéféqugﬁleggcpgwnis of the”invention

dg'c%ee! l?etlwgo&%hg% tﬂeopgﬁmaiaf@%@ WadkulbdenrURelld RETB@Med by

taining a m xed population of dissociated cells,
cuhenieh yndivittaal nimtifferentiated! Ffopellsain anmafindr nahiitabld ufak inducing

cells; and jsolati cells larger, than 50 mm from said
ST SRP Y alhe i eriaied ERCEalcinin, Vet blograip grosenitor cell
tﬂ&%w&giigir%e%’ﬁlﬁfe‘aweo‘ﬁglaﬁ@ BHLIARMnA ilatid}ecel 19 ¥R Ran 50 um

descri ow t vascul ar tissue Is human vascul ar
ftdns saié mieadopapuiagion of yats. f urt her features in preferred

enmbodj nents of the inventiqn descrjbed below the, cells |
smmal 14¥copting 4e g‘é‘n ?‘h&ﬁg n?ﬂm‘%@ Pé ey PEgen}; vention there s

pgédi&é@fai e[pﬂ?&m&mmgtyer% [sirfe RS EIRABE IndPaCRsFIAn of

o still ther features 1 n preferred enbodi nent's of
vabmilogeuen pragenitias celld edherelnowaidh eafculdgesiti progesitor cells are

effected vig.a filter_havi a_par Lze smaller than .
PERPaFith ﬁ%e ewﬁtf?aﬁaﬁ{a&w C%”?E’d‘ﬂ m%&@ﬁaqsf*ea@ﬂ 3o ihg fleps; duuring
iRAIGRIBAL urdT SRl 0 ESRERs inSa RERYdr d6fatle ¢! ihdtitld $iFRrentiation

conprising a popul ati on of vascul ogeni c progenitor
of ¢hd undiérongfiasedsE i icelsbih® vascidogemal prbgemator vellsshatky ftgaining a
rr?ig(e %gglglat}(ffn gfa Xesllsaar}l iggllat?gg (c:cgpsasbrllaqle(r)fthan 50 pm from said mixed
population of cells, said cells smaller than 50 um being vasculogenic progenitor cells.

According to further features in preferred embodiments of the invention
described below the substrate is selected from the group consisting of matrigel,

collagen gel, and polymeric scaffold.
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differentiation into snmooth nuscl e, endothelial and/or
hemat opoi etic cells upon exposure to at | east one

w@rzoendv7fact or sel ected fromthe group consi stPEMIIZH05/001050

vascul ar endot helial growth factor (VEGF),

angi opoietin (Ang), platelet derived growh factor
(PDGF), ephrin (Eph), fibroblast growth factor (FGF),

t uno ergmwgnof didk partherm @l)uresphandntral elgb@wﬂe;ntsalfttbfr invention

dgpl % QFlPx"t t?xe Vgﬁlqgﬁm %&‘?Bgérec%e 1F éscéog#a%f%cgl?h Ele substrate in a

n%ﬁeyie%xe %ldaee RNt uéuel@&ﬁeagwﬁeﬁ&ttﬁé sutisledls) and
Granul ocyt e- macr ophage colony stinulating factor

( GVt Cgeprdinie ¢orfditieg  featufesr inhpreféreslt embedimentsr ef drer axvention
nb di s of the jnvention described bel ow t

ComeaTeby 46 padtiglamiral dlstieoie fondiion B 1edekidd amp o

c%sﬁi&%r&%%hg&nﬁl blo§@soRMREs, %&@ﬂ&a%m&&e&@ta@lﬁng disorders

sel ected fromthe group consisting of cell-surfacé
amdmkeplasticclidehsesur f ace anti gens, angi ogeni c factors,

Ao AR L i hrepey e RuS PR el pbiegissit ghe invention
RN R @ftutifle th HRINHRN aﬁw&eﬁﬁe@e&oﬁlsoaelieh@ effected by

exogenous pol ypeptide is expressed in an inducib
sbjectarg tlbnhruhﬁemﬁ&ﬂcmecqﬂlsfuormdpagaldnetq@oﬂmooadeleawd from a

tifict d h h
OO Isiek STUIOHEDYEIEHGNET r B 5. SRR heqifpgen, cell
s@&hné Ocotbérffatbi BetWRMENIX Y BRd ONGR0® QeI OnaebRedRe of

hmaterials simlar or equivalent to those descri bed
dnﬂerentnatxoamnd:deumsed in the practi ce or testing of the

B e ot Lo sarot RIS PE et ARG & e Hhntion
B %Eloqntﬁe uﬁ@itﬂ%fktnﬁateém Ribsle lﬁlﬁ‘faﬁrM§ ment i oned
erein are 1 ncorporated by reference in their

enti rMcyrdlm@tocaisaidaﬁonabaﬂplectatf the htesqmauremntlon there is provided a

specification, f|n|t| con .. In

Rethed pb AP padhetl s Eom oo oot he b gffectdl by

§u‘3jel§§ﬁg’ el YaSc R (Yssad e E@fdltﬁ&{s%glgged frREssociating cells from the
[Tmting. BRIEF DESCRI PTION OF T W NGS The

vianaudart tissuej shelnehye pbtathiisg rai baxkd lpypwlalyorofof edissvpiatedopdlis, and

with referen o) € 3cco nyi n . 'th
i o n e ahrdS Cm e e ik ibpanyBon OBestly 1| 1

s StA@c%ﬁ:ﬁxgg that futier Rgetd W{l@rﬁreﬁlﬂpmeﬁﬁ& kﬂiferé\@é’ pR¥vided a
exanpl e and for purposes of illustrative discussion of

héthog o€ fpeepaeidg eapitbeliatestls fioin vasular diseust theywetitadoeffected by
only, and are presented in.the caus rovj.din at

g roasreltstns udtiosaesiendn i uariyte s me
HRAaLSERed Hesey 'oB%a'nﬁH f a8 hﬁﬁbﬂlo?%lﬁﬁgated cells, thereby

concept ual’ aspects of e invention. In this regard,
abtaining enpixedspapatition @f Shdividealr cedlspaad 1sdke1t1ag Icslltnfargeh ghan 50

invention i.n nore detajl than is necessary for a
H‘Hﬁ@%’fpﬁ’llxelﬁirﬂﬂ’&‘@f‘%af?@ Sof the invention, the

descr At ffg 418KGRANY Funkbe i rp?é%ﬁ’élﬁ eﬂ%%hf%bn?so BR rtﬁé] invleRtion
those skill®&d in the art how the several forns of the

deseréhetlibelovnthy vhgeubarissliecashumarpyasctlacessu¢ n t he

drawi pgs: .. . . . .
chordmg to yet further features in preferred embodiments of the invention

described below the cells smaller or larger than 50 um are isolated via filtration,

morphometry and/or densitometry.
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FIGs. IA-l provide an outline for, and m crographs

denonstrating the cul turebased sel ection for human ES
wa@elob/oeesi ved vascul ogeni ¢ progenitor cells. RQUI2005401050

illustrates the outline of the

di fferentiati on-sel ection procedure. Figure IBis a

series of nicrographs demondtrating the divergent

mor pHeicorgingfo stiileﬁmdabﬂ feafugds| 10\/prcfgrr6d gmygdlmhtsurfeh@ fnvention

ol lLa te ar er-bhearin
d(%%‘i’%ag’fk’é{‘hﬁ‘ THlsGomb A5  GUEENRE S Rars s afgler then
ei (arrowheads). Figure 1Cis a series of graphs

dem)nst rating a FACS anal ysis of endothelial cell

sur f asasordamg do syet rant hdlifionial asp@bt ofs theaprggent amamtmgemetc is
ro itors cells. Itered os.e

BRI s S pilGis ampHSibe - Romdetidin of VEscH LG c pgigsor cells

Ue}@%a%}nab@nﬁh 4 grcfliféfﬁﬁ@eg §t§fét fok aP¢dagd14Qhys A&Goelﬁg cﬁ;Shble of

the second anti body alone (1gG FITC). Note the high

qmﬁf@pmatuoonmm sowbths n(upeley eedqthelindiand/ovEhenzrdopdittyurdls upon

cKFRATHOFCH 01 OO Gt ety SF st 3t o (o S ing o pascular
eha&th@ﬁa@ %rowtﬁqm&ecife@ﬁ)c %g}&g?&ﬁ %r%geﬂ]b&@f derfRlilgowth factor

| rmunof i"uor escent stai'nin ‘and pl ated 12 hour
(EDICtFL),r epdriof (Ephp fibroblast @HO\E‘@I fastod €hohs tturaoeglsolwth) iagtor (TGF),
I ocal zati g cel | .adherent
neRe] Saonl; Shert B8R o efitssn ErBEPGRER tromhapoietin,
thainSfefrfh, ifsulis, ﬁerﬁ’ kat %fcﬁlre@cp)‘ dehRlloGAEANSEY - gﬁh@aung factor (G-
denonstrat | ng t he expression of endothelial

Cand poiaeddaytavmakropbage golong siimuolating &w&@M@@&m C

prog itors ession f the nd. Ti e2 .

P orhisprlde {6 ilhe TRARR I Prefirre kot misgRAe S fovention
a%@éribsédvgeﬁ&wl mge%suﬁlu@{oﬁgsplkuldgeﬁiée R %ﬁ)rcmafsegaﬁaﬁle of
total RNA fromthe smaller, flat fi tered cel |

ekpiessingaelgst onp ¢xegraounpiolypeptidatsilacted floomthe gemlirgommsung of

R A R T I
ah@qlemgﬁﬁoiaﬁ@fgc&gyt endot hel i al, smooth nuscl e and

hemat opoi etic (ESH)-specific expression of the CD31,
Ti e2,ActatdingatvdstiiAfithenfeakueessin piefguccé em@odlmeats of the invention

I t h.of the. |
deitthef BRI 7 eFeeR b ERb S Hetiise RS 1% b g Ebleounnsy
the qplitRipHise SRRl PR (RARRAIMnAUSIChSiCRIhs IRUMRFein
a-sma not detected in the smaller, human vascul ogenic

h@mg‘ersam@ rmeaginigsas chingoméy mrtderssocad tpyrmted;jmcﬂlhaxwfskﬂ iBrthe art to

Qi FEH S e A tishofa B Falegals Srailas graguivalent

1§ ahbs d@éﬁﬁ&ﬁ%hﬁﬁl Qfin teeydedl RoMe ﬁrag?éed&s MRfAng STOAL t})resent
muscl e actin (SMA) and SM MHC markers was corrpared

inengibn,RiNAtableomethiods land geateridls ate dedcaibed delosd. | All pubhcatlons
et ai ned)., and t he St | er . human v

p%F 8[; gpﬁqtcaf.\(’)r(srzpfltf:pté,t %ﬂﬂl) b%rl qegerwewep@ %Tkﬂegeln are incorporated

A RAKRE R ﬂﬂ:llr@ftllfﬁfl BARAN STROMAR, "%ﬁe BitehtpREifiAtion, including

standard of anplification. Note the absence of

defipitiossi vill ebntzéll lof addigors nthothatenigls,| metoids, amd krarsples are

1 h uman va cul.ogeni rqgenitor cells, and their

1@\152% lﬁ%ﬂ‘? yaR P%%‘ggaﬂe‘ftﬁq?ﬁ%“ iBB€ai ned cells. Figure I |

is a mcrograph of BrdU incorporation in both smaller,

filtered (left panel), and |arger,
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retained cells (right panel), denonstrating active

proliferation of the smaller, human vascul ogenic
w@eowgesni7sor cells. Note the active uptake of Br@iAri2ms/001050

the smal | er, darkened cell nuclei, contrasted with the

m ni mal i ncorporatl on in the | arger, nonproliferating

retai ned ceIIs (arrovv) Bar 3equals | CO€m FI Gs. 2A-M

HY1& bO? syence and RT- PCR studi es

of C tred .CO n . cul oge rogeni tQ

cel | ?hedgweﬂge m?qrw e a5 WRE L R B ith gefargnoe to
tli1é1£‘§é61tn @% Gﬂ{%hﬂ/ﬂtl@@pe@fﬁcsreﬁ%rﬁe YRS eheClhivings in detail, it
characteristics ure 2A i s a phot ograph of EtBr

is s¢sved thye Ithse danoluiatsrsirDMgarelrbe waoppégsamnledndsﬁmo@utposes of

fS5kRy B5puelh & PR AL aTORIETEE TV e FagohvRion gnly.
a&l % ﬁ@éeh&/d(iﬂ%ef &ﬁse]& pré@dﬁl@yﬁlawist tfbh@@ecf‘tg/b@t}))m%:u'sﬁﬁl and

(R D Systens, Inc., Mnneapolis
r@cimllyememoaxf desveiptiom caththeupihaples| dndneericeptsal aspects of the

th Ll S
A N PR TR SR8 B 10 158 SRR S5FF ot the
119\%‘%‘1\’1’55| ih fi‘x%r@ Idetaile@be s G8leksirk YorMBlndaRetal NRd&+StEREARS 86 the

human vascul ogeni c progenitor (ESH progenitor) cells
ifxenEgn,AOR deSthiptibo takek o thg drawings m@RPRHppercued t’assmkllled

i e e gV Tahs Rt inveSRALER b ShPolieEiRgee <

I n thewedhwsbls, and their prom nent expressionin the
hPDG-- BB treated cells. Figures 2B-E are .
phot ditGeridyt proivideah quptingrfof, land ne@rogmphsj@emmstr@mngihe culture-

ce X sed.in the hu
B PR e O G BRI D e P mtocie RS PTPEG B Figure 1A
iEIRRks YRSGH RIS E dﬁfe‘?&ﬁﬁhbﬂ-[sefé@dlérﬁprogé&&%j Figure 1B is a series
preparations of treated cells were stained wth

of miomesaphhdérbaireng the divegidat (mermhotagy2BYhe eohis dolhoving 6 days

[ C) ;. SM MHC (Fi D Fi
oYl Gt bia B WepH e TEr bk c-Us B HAbA Bk Baler
fRREned S4B WiBdla¥ded nhidIO[RRAAHREIL FIRSE ARY is NOsBieck ftﬁ graphs
stai ning of both epitheliod and spindl e-shaped cell

dtewestratmgtaqEA@So&malVstaQﬁ grdothebalt edl swifacamegkerFiiguhe &iltered,

H. are photom cro hs..shawi.ng .t he detection .0
it el poRariony aous hHLORa s N ixpoRedlo primary
cRAHRABRT AVaT-c&B! | Byl N ah
ARV IR ] VST AT 100, o

lahgled aniAEGR1 66 t¢ RharsdcdddSystibody , alome (Igﬂ E]Téfé)polNos!;q ﬂM\I hlgh

RO 3 Gt o0 eI Y e G (FEn AR photographs

RHohstMEnBdhd FdREE nAnonVrpidlby 1éa\‘locfﬁaf‘9§1|slo? byraesh E}é}ﬁés@fon on
(VWF) (Figure 2G anti bodi es. te thé localization of

fdtetdd, solatesth wiseilogenioprogenitoes dells. FPanavefluvockcers stafiiggioffixed

o8 5T B ou iy it o o i e S RioorHRE e Tosdliedin of
VE-baBl -1l eadﬁb&ﬁpﬁhém% Qfsithe AV Hidhep 'iﬁghﬁkhﬁ’&h (FIG 1E).

both pl atel et derived DGF) (Figure 2J) vascul ar
Fegwgotliels alrphpwE@?)}l Qﬁ:Egirr gaipgd @}sodﬂrhorfsaemmg ther eqiresdion of

eg@?’ﬁaéa\f %Bclngtup ag(%?sl 1tnotf1e 1solated’ Va%g"u Qesﬁtlé &%gen%ors cells.

Expression of the CD31 and Tie2 endothelial markers and the Tall, GATA2 and AC

133 early vasculogenic progenitor markers was compared in total RNA from the

smaller, flat filtered cells (Filtrated), and the undifferentiated human embryonic stem
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proliferation (staining) of the endothelial-type
cells. Note the appearance of stress fibers (Figure

wQ@1g06as0765V) , and the active uptake of BrdU i n BPEBIL2005/001050

dar kened cell nuclei of the VEG--treated cells (Figure
21), contrasted with the reduced incorporation of the

| arger hPDGF-BB treated cel l% (Figure 2J). Figures

(RS 20dllarby RTRCRyr difeshovfekeeping opwket GAPOS] serivessas an indernal

from human vascul ogenj c progenitor cells. ESH cells
st eplcarian Nale tHecRromineshobsTinly Shagiy muscle and
h%h&ﬁfbb@féﬁ@,t(%@lﬂg'lnsb@ciﬁé’te‘% te3§isn Lot MECODBE, et PRPi Al GATA2

differentiat Note the characteristic appearance of
nrezkas.ofiguee 16 isal mireseiitGRldrogiaphect td lazer flal 2elthangtained by

jncubation. Fl.Gs, 3A-G ar hot.gmj.cr ogr aphs ( Fi qures
BAREHOP: Qe UPER P Bt B RTEEP AP0 B8 styoo Bt el
u St r.u forn j i = = it ed
YIRS PR Pl OB p ke
Figide NoLIis ai phothgrdpr ehEitBt staimedaisudersappheng tiie exmedsion of

50ng/ M hVEGH 65 and | /' M hPDGF- BB)_ ESH cel | :
e§l§_n ied repkEs i S lggle@ﬁf@?g@ﬁ rthpé(l'?;s‘ées)léxp&s%%ﬁ 9Fdis Fgapnin,
Cga'l_'degfﬁoﬁ, glﬁ%wotg Eg?&fet 5&%11%&1%@?% - @%h&@rs%ﬁseéorﬂpared in

r
ays grow e sprouting and tubular structures in
towal RINAs oo ghe begdrj Aasjetaidal velbi (Retdihadd- sidatheesaller, human

sections of the sa preparatiQ eal.ed endat hel i al

VA UogsBISePTOEE 10N @ﬁga%} ﬁ% E}ﬁ PQ’F-E’&V aé@ﬁl @”—S%@FRBB marker
t i n. the; i i ) cand, NWet fhehi

GAPHP Mool B gL R A bR o

expressidn (odrallowf the guoeth 3iMsclBaell expridrs if Gbe immaki gucwsgenic

3A-C) (Figure 3D). Figures 3E-G are electron _ .
PHOSSPBYT erbisansk theis prominepf GrRESSHAN ilrhﬁwgiqtﬁﬂa cellsh dipurg 1 1s a

far . ) . Fi 0
SRR 0o bRalcralals Ragias o W8, p)00 s
retained celld Gighe pailel); ldemphstratiagacster mbBferdtioa qirtbs emaléerphuman
a darkly stainin due_t o Henog| obin). bl gqod cell (BC
WaﬁPlﬂ%nt};eﬁﬁoéFnlEffrg%(l@esg@Fe fhsy ﬁ%ﬂ’ebypt)%‘feoﬁg%ré in theShaller,
. ol R _ . ]
N R ST R R
ﬁblﬁf@ﬂﬁﬁ?ﬁﬂ&in@d caRAaOMe). | Bdr eqaadll $0@aucl eus) within the
matri ge él\/p, containing a clearly discernible |unmen_
( Lu) FlenaAd¥l eare smicroseqnyo pranwiofuetgpesnre and RT-PCR studies of

i bel - Pal ' ' :
B85 Sy el RSO, SR e
@bwihi sfaolopgyedsded | isc@pi 6f | BEddiiktial Nowi kMmooth muscle cell
vascul ari zation of 3-D al ginate scaffolds by human |
chazetgristifsni Gigpieoydis earhotaesmh ofcEiBy staimgd goly demangeting the

: f 5 ' f ' ' .
SRR ol ST oBb b i h gy o

PG oBEeIRRECUIARG o typEDEBRageand 2 isrcLiiatRechdfor 4 —12 days
days. Figure 4A shows vessel formation around two

widlpriés egfmlt hRIBCE R f & angdP eBystamsgHae., idigweancdiae MN, USA).
sy Tt e ERhpitR Gl pPRGY et ion, SHEME MO ctin
(SaYLY, Cafponih MR ISR SMeMIHG maBafs waledBpdréimotal RNA from
the growth factor-treated cells (v-SMC), and the untreated human vasculogenic
progenitor (ESH progenitor) cells by RT-PCR. The housekeeping marker GAPDH
serves as an internal standard of amplification. Note the absence of expression of all

of the smooth muscle cell markers in the ESH cells, and their prominent expression
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FIGs. 5A-B are two series of photom crographs
denonstrating the sensitivity of ESH derived vascul ar

W e®s0e750 | nhibitors of angi ogenesis. ESH aggreyHR2e65/001050

were seeded on matrigel and incubated for 7 days in
differentiati on nedi um suppl emented with 50ng/ M hVEGF
165 and | Ong/ M hPDG-- BB al bhe (Figure 5A) or with the
ladtthet iDGF-B80 tmepted  cetlsi ogBigessiss 2%n‘ﬁ| BYet mhgtcam:tographs of

o duTenb e iondhyper iy BroBasel Hike bl iphe
piatleti@ived Rb&H FRbs (BFDG@W&@M&T hﬁrﬁ@xﬁ v@ﬁ:ﬂld@@ﬁfdﬁfr&gemmr

structures in the anti VE-cad treated cultures (Figure
@&9 Figad prepla@@ms of treased egllsPwere|stasnedawish primany @nttb@ sg to: o

rrent vase I ar_.pro it der
e 26 gtpangs EPELETE ST e A9, el hponin
k&@ﬁﬁ&ﬁn@&&g&&? with! fUdr&cEB seSordMntiBydies afd isghlized via
m croscopy i mage of 6 day old hES

thmlretscaggmegnacwc (Nate ﬂ@ostammgwﬁ doth\epitbeliegyang. spimlesshaped cell

I mage oWs ffere | E rro

PRr By iy Byt T R P e Rigihes PEE e Phtcderographs
s‘ﬁﬂwirfgvtﬁé td%féchd)rg Bt efdoftediar %?thﬂ&%eex@)fresﬁedjﬁlﬁ’hlﬁhzﬂl vasculogemc
si ngle-cel | -suspensi on-cul tures |Ilustrat|ng %mo cel

frogeagtor ml@ rf:¢tétmr¢de¢ﬂ &prl‘t’ lsoHagsarat 25 %HY ertisiem ﬁrrrl@w)u days

SO B LU S k8 L iy T 0 v

i3l raftel Vi Rere ﬂi_')ke‘aua[rﬁ @fmbrfe-@fledididay @kribed hereinabove with
I mmunof | uor escence anal ysi s showi ng expression of: (i

)
gutin¢ Ecade(Figuré 2Kke owsrlevaéra?s\’lbqrm%ﬁmtqr (v SO Figare 269 antibodies.

Nelpte loeglirtoRe? B Sainitd ot VB0 AR EROBRC chiebigl0)

SpEkd §f DANEbLLIRA Q@Lmrggehrghhp m&loufsaw ¢c)(PIEH 2h) WaBhidddetected
incorporation (present in the small progenitor cells

&ghre @Dt hEighees Ar ansleR] srq aigrogipplndl Brill)) inperppeation in both

7 h t
Airiler SeRire R ige T B RER i EntRBR T (v BBy Figure 20
Sl LS MRatdd Fmard Arakulddenitt bﬂig@m'tdrn&qge demonstrating active
differentiation in progenitor cells. Figure 7A -

proliferaiton (seidisg)rafdhe Bud@ljelwl{)rpe%llﬁg/l‘fﬂte vawmtmf stress

1 f
st (R85 2L,Arg- 0GR e R of B s B et of
fnk NG AELRD O {Figuré QQ)hEantra's:ﬂeg Wyith the reddc@&i '11\60%@!1t10n of the
segregated cells were exam ned for: (i

lameaMDCsl?fBB tryatpnbrcelrlmﬂflgane U, Fl(gurq8) I{;@M] a(fi )rmaweraphs of

lgeé?f?é?ﬁﬂle “‘éafof”&‘“r % %‘3“@5;7&“ egl.ctpé%geggp %e[]l,s A ESHgells

Q&e%M%cﬁ%ﬁPﬁ&ﬁ&ilﬁﬁed i SBeMEbEd hcRin® Bdipferb&tdd withi Ftbkenes to
PCR anal ysis reveal ed an up-regulation in

ladnhotq dnmatqpoem dﬁfek@mgtlon\lucﬂ\bxte sxhau qh@dacwrtsm Depearnce  of

trat | |
B ioqP aes ) derred AR s eI Lt ac e a
t y|p| ClallGSSSﬂa(Y Rl fhA@hRPpriHs "(Fféufers QN-B) Sdrﬂ%l&t%ﬁ‘rﬂ@ﬂ)’graphs

. Two distinct cell shapes were obSer ved:
@igloeshdE-GdIshewing vasdudarrstruptied fogyatics igugrewth- factor—treated human
vasculogenic progenitor (ESH) cells. Aggregated (24 hours in differentiation medium
supplemented with 50ng/ml hVEGF s and 10ng/ml hPDGF-BB) ESH cells seeded

onto type I collagen (Figure 3A) or in matrigel (Figure 3B) demonstrated vascular

formation after 7 days growth (Note sprouting and tubular structures in both
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8A(ii1)] and spindle-Ilike norphol ogy (arrows)
resenbling v-SMC [Figure 8A(Ui)]. Spindle shaped cells

wexpresserl SMA [ Figure 8B(i)] and cal poni n [ Fi BCI/#E.2005/001050

8B(U)] . Figure 8B(U) illustrates Ac-LDL netabolism
in colony supplenented with VEGF. Nuclei stained with
Dapi. Bar - | COmm FIGs. 9AI% G U are photomni crographs
hmﬁolhg)sxe@tlmgp) Fobtidion bludesrindd segtidnised theasathetyireprdation revealed

eﬂ%ﬁ'ﬁﬁ a%ge ;&ggﬁr%}%)émngd %}J’g@gﬁﬁ% te%.;c,é: ga{q?lklds St Sl in the
n{dt @5 RIFRAEE 3 (5 URRULANE AREY nld@niBeh® N £ Yhitk! KIYEE O formed

i1l Ustrates i mmature bl ood vessels having a thin [ayer
wathire adze!;deb(armlw dedurs 3D0r Bardagualei 160 nan {(Sgede ACCpHigwt BD).

scaffgl ure 9B il lustrates ys}l ck bI ood vessial .?1

Figirere W?’taﬁff ﬁ CERPR NUGROGEARNE ©A FeEe mF%'QBr‘@ Meatrigel, showing
I t e

W RHEET Bt 990qY Bodies Gledlt TS0 K400 efiTReution, inset,

a2t 000h uppival S¥Bnddthélial ogls. Aigwwe\3F cledily déraomstrates ml&qyresence of

bl ood-fl.ow wthin the ascula -
aniaé<IY1%alpglga(d§e Hen%ﬁtm%gq? qﬁi@f g Gedin E&E {I’ng“ef ?eé'\fﬁf P Vessel
lo t ., Of r r
GRRIBY HSRMOlenBfNA ol (LD RIRELnO mAREA (% 62000
rmdglmfafanaml rfggwra§éhdi@gmstrates tppitah amngehmnmil drﬂo(lmﬁzﬁl\a’@)ls (N-

derived.from hES v et?cul ogeni ¢ .progepi tor cell

npgleRYwvHE e diso Statraee] M) A fa B o < AR disseritle lupia (Lu,
: C o
YRS S ARTE Al iy PP @ fhtden O
(Fighttsi(ﬁ,@(i’eeomﬁagiﬁﬁcamabyses of differentiating

cul tures of hESderived vascul pgenjc progenitaor cells
The ddfr<AAd e giplomreaziphy %ﬁ/&l@eh&wwws SPplﬁﬁHgaqthe n vitro

végcgl\ﬁl‘&[ﬁ zétﬁél’nc/%)g ?SPS 8%@& 's@éffo”& Bsﬁﬁg}fﬁ' '&gﬁhﬁ%@ﬂﬁk 3ge%)4n§t9r (ESH)

CBHBSI f A9 digpiepites g@?@&tdﬂeﬂﬁfnkﬁ‘ﬂﬁo shuke a@mdma bd:aiffoldSEid sitro in
(ECs), vascul ar smpoth nuscle cells

dgﬂf@mtwtrpaéwh@n supplergented Mishne/my GFnes "FW' lt(hls{ml hPDGEF-
l”Blda n%%lbaqgcfj £8P ?é tcf nése R_Clrr?% \%Q‘ I%&%%i ¥oq'111\3t10ﬁ: laﬁ)un%l two
ustrates real ana yses

r@brésfeﬂfaané | Rhffold potkd. urigighert nﬁgﬁﬁcakecm (EiduieasB) kogaRi §pical
enitor cells. The cells were cultured in | ow serum
ve ay/wall @truqﬁmrg wfseé@naaﬁeélmevmt}leleﬁl foelly aith) an adigeenblver of
te The anal yses were perforned
SRy PR R B s e e o oy FLG 14

| | | U%Géltfﬁ@-Bfaﬁ@'twb |s&‘i’es%?p‘ﬁ@8nﬁ&@@é§ﬁ§dé}ﬁonstratm% the sensitivity
differentiating cultures of hES- derived vascul ogenic

o EgEAenived vasduler. tisphe tacimhibitopeeicangingenesed EBH| agaregates frere

2% v/ hj /. £f
seisHive e el ncL AT o n b i by e PR g Py e
wigi BOndAal RVEGE§; (aht erodgAndhiGH8rBB aHn@S(Flglﬁé\'Sﬁ) &Jrewith the

phot om crographs illustrating sprouting and
addigion lofi 6O peg/nhli dogiogengsisiinlabiting aofi Vdi-t4damemedlertadantiwdy éclone

BV, CEEMICON RETY 25 rRdelhs X C98R) Fouré SB) Notethe lack of

cellular projections and absence of tube and network structures in the anti VE-cad

treated cultures (Figure 5B). Bar - 100pm.
FIGs. 6A-F illustrate culture based enrichment of vascular progenitor cells
derived from hES cells. Figure 6A - presents an outline of the enrichment procedure.

Figure 6B is an inverted light microscopy image of 6 day old hES cell-aggregates-
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and cultured in high serumdifferentiating nmedium (10%
v/v; Figure 15A) and in |low serumdifferentiating

wore@cm762% v/ v; Figure 15B). DESCRI PTI ON OF THBECT/IL2005/001050

PREFERRED EMBODI MENTS The present invention is of
novel methods which can be used for sinple and

i nexpensi ve preparation of Vascul ogenic progenitor
cultured ondymt Betdllagen.t ﬂihbémg@slmvsposiﬁﬂfarmt@tetdﬂﬁ%oﬂls (arrows)

red from tem cel
o8 St avneg or hBerpridehocTi Pghts o o pen i e rroscopy
ap S aa P %ﬁ*glﬂgﬁ?%“ﬁga%?%‘ﬁ“%ﬁégﬁ“??‘éé LRl Bk oje fa
ctltewith cﬂmr edavgseot @g;mw)mnpirsugﬂnr flatr cedle | With faoge meodeii Rigure

b RAS Ginaiiapbie Sl ot focirl LR B vErEr rhigure

6Erls%' 1Bh§§ctQHﬂuﬁlBﬁ[1§ﬂéb&Hc@£nél B{o%\ﬁﬁé‘%x RYEIH bOT) Piictate

be better understood with reference to the draw ngs
sanfateaCPDdd(an pravipudlysepoyed forshunBef wSé/I@fx pkegenitorg), a(tl) nuclei
east one odi.nment__of the inven n-.det
Gepnd R e oA SO OB C T P Le RGPS | e sty and
lér?ér FBRdifoR! '1/19”% i aAd i) BraGtiAdrForfiorf QRdeht it th@ @m@ﬂ SrddRBitor
rangenent of the conponents set forth in th
ctlid hodvinot tlke $apgdrpeells (awow) Iahdns{tlr)amwtbw rKlﬁﬁ@xplreammgdnch is

The inventiqn i.s, capabl hrerrb di.nents. or. of
PEFHg T ORGE e 1§ TR S0 Ruseh SGFR oy papis 1-10y, Bar -
1obudnS to be understood that the phraseol ogy and
term nol ogy enployed herein is for the purpose of
descHI@s.i Do-Daillbistedte Llnlnelagethféxenmza@and etogeaiton eullsi ggure 7A -
Recent research studies have | strat
By F;éﬁ

fdtiade yelly recrldnred vam Yo mh iy é?rvgk?ggasas e cxamingd for
L Lﬁ?ﬁ qHEorg&Jatﬁn (@ﬂ%h Bh% &?qgé"lleﬁ rhnﬁ UffBfuorescence

erapy sinc posses t aCI
1klhluf1frﬁf1@m on diearigho). G 1@1rep'VIBI F aidrt/lylua‘_lfsegxegzited wjksswe(r&exa@nmed for:
Pedersen, Sci. Am 1999; 280:68). FEarl
(ORIRL Stcsihebe &) Reinsise V0 4501 bl Baerib1Be Figure 7C -
| i
kR s RofullBE Slin YRR ORIGEBETANE 3052 08} Sxhipiied up
r@lﬁzﬁn(ﬂmbé SMfaga’)dpﬁ:ssmmdndgplmﬂﬁ llkesba:p‘e:dcetlks Figrs dide- RT-PCR

cul ture conditions and manipul atigns. Recently, human .
agalpiy eﬁﬂealegtaempcrégw atiqriegydiienalgep MG maskerh éha)cleé stapred with

p&&g and mai ntained in culture. Both
[Eg’rrgln e ryon| C Pﬁ%s and hEG cells have the | ong-sought

char ggGer 8ai-Biis ifthsthieraional Whalpsis estt VE-eitc edllss Fighrey8A(i)
are capabl e of ongoing proliferation in vitro wthout
ilnstrates eh tyrigal iy das-eldycalenyafoimed sermed siaghey ViEyendt %\‘Wd Two

dtéﬁt'?%ta 8‘?1? as'hg%cish&'?l%aggs%w Y- bR &g&fh%ﬁﬁ”&élﬁﬁ&e trgorﬁagl%gﬁ; e[Flgure

spont aneous SO

SA(fifeaRinspiadle-Oike Qﬁoﬂpﬁ&ogﬁ @arl’*tE(?s) aeddnsbling w-8MI I[Elgure 8A(iii)].
Sg{loceeds wi t hout any consistent pattern of structural

rgiiﬁ ishaned oiells gapiepsed Y Anlhiigire SR apd éﬁb’Pé’glaEFé%uréfSB(ll)]
rlﬁ S%gﬁy 1%&&@% /5(\(4. LBL Qéa%‘l s¥n @%&5&? EW@?&&M%EGF

representi erent

N:&Jlél s{aln{é@aﬁ%[)ﬁﬁelﬂ% nq)()(jum BE et al Nat Biotech 2001
;19:1 134
FIGs 2)Al Ciii are photomicrographs of histology sections depicting blood

and blood vessels formed within alginate scaffolds seeded with human ES
vasculogenic progenitor cells and transplanted subcutaneously in SCID mice. Figure

9A illustrates immature blood vessels having a thin layer of endothelial cells formed
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Prior art studies describe various nethods suitable
for isolation of progenitor cells of specific cell
wa ype/osa7reages from ES cell s, however, such nmerdmd0@E®1050
typically extrenely conplex and costly. Initially,
human enbryonic stemcells are either grown on a
mammal i an stromal cell |ayel® (see, for example, U.S.
vithin Non-séed28 (cTritdl) scaffoldsrafigute SBanthsFatgsghick hlogw) vessels

in | jve hgst a r.at o Q nJ A et al

feffyedh e oo soesd Palis it AgTRgRE AN wisdangiymen

okiBIO f@n®d! Ltk Cell-8dedd rafdIns dhBOMBnESed BG STRMRAH SMA

body (EB) (see, for exanple, International” Pat.

s@apphg.cAtroen indicata\BD 0100820l odd flow withik dlvd humdd deculdtugen Bar -
nveni sty N, and International Pat. Application

1 (0210347 A2 to Benvenisty N), and exposed to .

diff iE@niy A %1 gghelfrr%?ik Qflﬁ’straiixg 'o? 6&‘111&! Mo@rcﬂ%f)éxnlgseﬁ 81 %ating

popul ati on of ce types an i neages. Isolation of

thpr eftpenof shearcstlebssornfaseydegarfic cellsi neages is then

acconpli shed on the basis of jnnunodetec&ion_of
i neifg%sslﬁéchqr% phetpmasrecraphyilugtating; Yassplegeniceimooth muscle
i f e : )
L2000 B S RES o lod IR SPEARTO 58 e
fl88/-indudedrshatstrassl. The d - SeliCheils evere tkinedfd8.aSPRA (i), phalloidin
6, 280, 718 to Kaufrman, D S and Thonson, J A;
(greerard npelehin Toapro 3bMIe) cat i on No. WDOL29206 Al to

G belgd, : ) t j : . j ' }
oW sl RORCRL SRl oafRhy o i o s
delieedarsvdogamid pogehitoe télisd STHeudefle wefer a@nttusddninllew serum (2%) or
di sadvant a initial ES. di ff(ler enti atj

highorawn (&9 ogziffegerrtww veedig stpp e@&%ﬂdewﬁr&rfir‘%?fawpﬁr@ EGF,

. At i 1 _ i '
/A8, ST e RS Werg e O Bhing Behlc i Bhkers (| Rdothlial
calic (ECH)ngascolae xpoethanostloceldi (VBT s pind glowtls iadiase — and +
.markers is inefficient, requifrjng even nore extensive
ingipate negetive AVithayt trmmlafg) Yidpositivg SepEs.reipestdelent s and
det eat o . i ; . . ity
Ster 0TS SUARRE Aol R RTWCRAGHLOG o EekchBlddoulfes of
hSe glefited vaseulbgaiic pogpniamtdetie (The cplieserd ciltuivehinolosy serum
hoave uncover ed that0 vascul ogeni c progenitor cells m
(3% Yybpahigh seuppl P an) idiésrpaiding apgdiz ‘fwfe@m%\mt% VEGF.
I ing. . ¢ .
LAk LA 03 AP L B
di f f #l@nt4 dluswited eaal-tne RTPCERphdysespfdiffidentiaimg cultures of
efficient size selection nethod The vascyl ogeni c

hEiSo derivadoyase Pt PEISSRRAT q5yist Hbe sels Bigte SHHgst Inolgwasegum

V. ' . furt o
(G490} BORRHSelh {1098 AT TG aRe el RonfOHRARARSih VEGF.
Theaaalhedsivadre perturaled asiclh &thinatkersqlics2 thd€D81).n vitro,
formboth smal | ehnd | arge vascul ar. structures

when .
seedddUsr SdnBraEpRlokerBicsiRsars A wirafing spseutigriodivaggufagure-like
L AHbATE & fARch R ée‘l‘lhtd%m@d fBf ﬁ]’:‘r%%.'s%uﬁ)ggﬁi@ %?%eﬂgor cells
agnosti c and research purposes. us, accordi to
and eulaspe ot high sérbm differsetistingmiatitm@b0%hev; Figige ps Ay ardeid low
a met hod of prepari ng vasc}gil ogeni ¢ progenitor cells

serughdliffseantiptineanediumdd pdvlggpe 15B).
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such as human ES cells. The nmethod, according to this
aspect of the present invention, is effected by
w@2dobnsa768) | ndi vi dual undifferentiated ES cel | BCT/IL2805/001050
manner suitable for inducing differentiation of the
undi fferentiated ES cells into vascul ogeni c progenitor
ceIIs thereby obtalnlng a xed popul ati on of cells,
2 PAIQNi QF TEE PREEGRI DrEMBODINMENHY f romthe m xed

popu tlon of cel

vascﬁSd’é?‘ﬁeEt bR 5?%1 e B ghh b B A ISF iR and
indxipigdive ipBdhatfioh Nef RARIRIESic SRbérHor RIS BN EEN - cuffdres and
used herein, the phrase ' vasculo?enlc progenltor
compbsitionsetheresf preparedofpernafaromamples dlimen stem celim  Specifically,

t ] t hat th th
5 B G EeREE in el 16, FRR D b Mo lic Rt om £ s, From

sfim SEMOAd THsH Gineeirbwth 8Kd BETERHPRAHE bF ehePisBlatedSRisculogenic
(such as er%}hr0|d colony formng units and

preggaker galsyfoesiye dr, fonexaneplpl bssde caginecringu ehgiagenesis research,
ryt hr.oc S an tes) Typi cal ly, vascul ogenic

t%?%ﬁ?ﬁ ?&iS@QWFgcéﬁéF@ some of the phenotypic

mar kemg bAASipRE CarfdN pefatibh | St itke Predehe iANGEABA eJn'a?' be better

snmoot h nuscl e and henat opoi etic I'i neages. Typi call
underytodd witht referenhgcte the dgeewygmncbamrnpembng/ dmcclpgensm Before

AT O S AP PRt S5 PRI gt s 1S BRderstood

tRR KR AItRA 1§ R@tlinited i iRApplidiAbh &fhtht etail® BFEbn3frudtid@ and the
cells wthin the popul ati on have the capacity of

aftenganmant nbthe companeniesetypwh of thy rf@lgewyg dedcriptiomy hr illustrated in

i ndi vi.dual..cells that a nt va cul o

o gShiator o Sl BB b AR B BP RO grectced
otr|3§rrfe§ lod® in @&fdu@%a?@t Also, RlislEd 9@&&1&5‘(0&11@1& the phraseology and

"nul tipotent"” refef to cells having decreasi ng degre€s
teinindogt eppnyedhepdimds fai thy . pulfenst pdtdeseription| andagheuld not be
§%:e of developlng into all cell types or conplete

8?5 B8g. bl astoneres), pluripotent cells

c apahie%erqfregidafcﬁqesrt@diég RdveNUuitiiQd Mt eﬁswonfcy&% cb® pbtentially
ES cells) and nmultipotent cells are capable of

selive$ ay @ paureg fongluripotent e¢llss Seich spléscare usefhil indwigwg therhyy since

iatse TR Bl e BERAh b eduralit kel Wiga i foPodsreen.
SRL.OGH! BIY9; 080:68). MBIrBN Work@rfentitybnit BRI &8 w8 MBh&h§ing inbred
mat ur e endothellal cells. These cells may or may no

nmeuse strhims cmpeaquyl t @ogmamdawah heowse dpDicells, ononkes nandt fmman
the, .t "epi thelial
B ot Beye Do T B e mpRorbdly an Bo e Pand g the

shifie QuB @t LoddiBénsGAl el AlRsmat ure snooth nuscl e
cells. As used herein, the term"hematopoietic

pr ogeRﬂchtﬂ‘y beinpri embrybhmro pelle(hES) pnéd gemsbine G G)'cells have

referfﬁlﬁ Car Bitainten 3h oifit IHRRT Rlrpal EhblySnt2 KR e HEG cells

hawmefl&eg S htaélﬁﬁhctemﬁ& Gt lﬁHﬁﬁtpﬁmﬁo@ént @t@fnt def8 tREy &t @MPable
cells and tReir derivatives in the popul ation di'spl ay

oﬁmrm@mgogmia"eranmanacvmou giithout diffarerdiatihgr greyi setadd a normal
k%%,'(){ ype, and tﬁey yetam teI Qgadi htlo Qigfférggtggte {o produce all adult cell types.
However, spontaneous somatic differentiation of hES and hEG cells in culture
proceeds without any consistent pattern of structural organization, generating

multicellular aggregates of cell populations with a highly heterogeneous mixture of
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differentiated cells of enbryonic or adult origin.
Undifferentiated ES cells are easily recogni zed by
wao bwse4ski | led in the art, and typically appearCT/IL2805/001050
m croscopic view as cells w th high nuclear/cytoplasm
rati os and prom nent nucleoli. Simlarly,
undi fferentiated cells can #e distingui shed from
plerfdtgreentepasedingel $rectoymtdialifitreanesd] ladeagen@eybinoff, BE, et al

cific such as vascul ar endothelial growth
I\?aggl‘% hr?eo(ﬁp}? laﬁ) (VEGFR2), vascul ar endot hel i al
cadhegipp aﬁ\éﬁld%%s&[bemaﬁb@ ﬁfeth%ﬂg ohikeld ﬁ‘)lr iso®dtlon of progenitor
adhesion nolecule- 1 (PECAM1). As used herein, Ig
celés ofi speidifi€ ecletypk dineages ébtri ES eflbs laowcyea sueh methods masplca“y

%ﬁressed down . a d

vel o nt al
S R BRI OO AR Sastiy LSBT ottt bR pic MRy cells e ither
!rdxﬁ?éﬁl% “th&sinbli&t SRl REMISRF (€ fof examﬂa @S, PRUGE!6,280,718
progenltor hepat ocyte praogenitor or hematopoietic
te Klabi§nanyfi S landi Tdomison, iJp), ent a five hogus al teratsinias(Thomson J A et

d | |
TSGR0 FLSHE S Mo GERBSAL S, Bl
strtb&hRAARAY 85 (HN @ﬁqﬁr}Jom 'bH(‘l}n (EBY (R8, dirf S, 'Iﬁfeﬁﬂmonal Pat.

further into other types of precursors further down
Amcmmmswaﬂom@mamsem@ Itskaitz-Bldof ef end i Berognisel N; and

which i haracterlst specific ti.ss

Thgrapnal i vt o DR2l ezeRe i G g iy e o

ditedrEitBhion Maser qyplgﬂ@oFﬁ%hélﬁgwa k& popmRidh BHEl aypeddand

erythrocytes are exanples of term nalp differenti a ed

lineddes.. I#datimmnefi progehitoe cellnabspesifici lmhage;sdlg dhen accomplished on

un% fferentlat d ES c %hs are cu tureﬁl in a manner e cell
i IOF IPBRTOREIERTORGO A liPgEe SRYG S ARGt g0 Scparation of ce

li‘ﬁ@ el ﬂﬂbl‘és&%{) QF r}hﬁé?l'étl@ %bhfng &Be o dixhh@lee NhielaBOndEPat.

s utilized by the nmethod t he present invention
Athciﬁmnﬁm‘rWO(HB 1 %Aﬁ an |Rcanﬂ1hetia Eand Caperagrn &K f U dmPat No.

3Gt KaubRBR DTS Fnd AROBI yomr EMERROTHL ek TR g No-

Wobi35%d EP t%etlbelli nﬁ%t afrr‘aﬁldEﬁté‘rﬁJlﬁoﬁlaf@)it bpAfcaitad. WO

or non-human ori gi I's clearly dermonstrated in the
OER33MS A5 tsRart, MR ahé tBenffbarch)wAlt dfghersbdvedententd methods suffer

C°”‘%f£ﬁ¢ uiagels i L it TP reemitoP 8 h¥ives
o f R n’éﬁmhlpgfau@% M&téﬁétldﬁ@%lﬂpl}@t JtidthatREl] &RBE Rk host

enbryonic stemcell differentiation is’a
tissuesar ptigodB ofllsc Uiurtatmaredicteatiomactosding te eXprcssemf cu‘rdlsplay

LRt B g EETER LG o
iftehi R’,lai/ € nﬁeﬁg‘e BR 8lehR MdeddAQa RAFNRMA CRl! SidafRring the

descr ed In detall 1n the Exanpl es séction
vitaliyi anld esteontity #ctho pabigamjtareeldsot her preferred enbodi nent

of t resent inpvention, differentiati
ol WY Bl e pise s t g 4RopRast g divgprs have

t éd "GasS %E‘cu@@éehﬁ: ‘iﬂo@nﬁ&le SceP9ahRY Wbt Brephread Bﬁﬁﬂy €and

strate such as type | | agen, Taminin or gelatin
1n©<ppnsew}yltfrcmg gmbgainiosteof c¢llsebyEBrayehting aweghtlng, twlturing on

I t 2X104. a I XI O )
(550 [ EolaBen S0 DRI P AT SR RAoR aRal apg smeloving

51mple and efficient size selection methods. The vasculogenic progenitor cells

prepared by the present invention are advantageous in that they can be further

expanded in culture, can be induced to differentiate into endothelial, mural and
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nost preferred enbodi nent, individual undifferentiated
ES cells are grown on type IV coll agen-coated pl ates

wa@ 20aidoakd e from for exanple, Cell CulturewarBGT/IL2005/001050
BDFal con, Boston, MA). See Exanpl es section for
further description of conditions for differentiation
of ES cells. One inportant teature of the pr esent
hematnpdistiodissies irt mroc éo1im dethdsmgl sne rbarngmsoellacres(ﬂmcﬁumg when

present nve ion to ract
SEREA SPPropr i SPUAR. b B Gy P e AR R ighle for
trsmn@ﬁﬁem?gs dha?ﬁosﬁr%eaﬂd RéERMCR ?ﬁfp\bsé‘so nt ended, f or
nmesodeéer mal erentiation of human enbryonic stem
cel | & huan@hcbfdmgatu pa¢ espehiESS thel presant mmveation tlpme iheiovided a

R BLAFTRE G SRERE e HOnEa, BN rated BS cels

sBAPE SR B8 LM caleOmetHob, %&Qﬁ&lﬁ?'%a{hls aspect of the present
differentiation (Figures I A-Q | seeding

icemtent is affeoted dhyasndituriog IlmQIVldﬁaletmdeﬁﬂermkt@t@f ES ciels ¢y a gfianner

th esent . met.hodol.o eed ing to .

syt ot Bt bhps e R ARPF R BE, Rl Yputogenic
pl}gée'ﬁ[t@r SQR0 PGy IbtainBip€a Miked b@}ﬁilﬁlonsé’fc&llg' S 1solat1ng cells
cohcentrations (1.0- 1.5X105 cells/cm2) of hES cells

snmadlat thew S0 wna frost e ogsedkpemlgopudfaellsnCell @m{;ﬁted;ml this manner

o SRS LG B EPHIRET SOPLPSE Sifey i@ TR JPhpleg section
H?épdngjddgy of small, flat endothelial-like cells and

fewer |arge, srmoth muscl e-1i ke cells (Figure IB). The
Exanplesisgedeicon tiei phrasol“vasmlogenivi pregerﬁt@rtcmdis” refers to a

RORUFIPB P b AT I e eaai ot hbels oF sgrooth muscle
Iﬁ'@dﬂl?é&d Bieh a@sang§)ﬁgisﬁ? bf 'n'ibtuﬂe h@db@eral” (Sjr' irﬁ&ftﬁ rHuhs@Ie' &lis, or

medi unt’ ‘refers To a suitabl e nedi um capabl e
lsuppmptentmg preowsdy agsuchi faﬁ ereeythroadl enlonf tih)emmg ceiifss. and

Exa esostbled on di can

TERER RGNS i T Bt oS et o O B GRgeytes).

Wpl&[l?Magchéynﬁ: ROERRAE el cthre@s %ﬁ@ of){he %%%Markers that
dium (Li fe Technol ogi es I nc., Rockvil

amlcbaacienslcrmﬁ ithrea endegloadial, i ahoqtbdnumie( m;tElh):matopmetlc llneages.
Wlthl%FBS one, Logan,. UT, USA

YRR T oS0 ok GApOE HERETT, O] POer SEap b ieram) fgers when

JRRGHidy! BemdPres WA tro, ARldsS dE@ﬂEI‘eﬁﬁ'ﬁgd be fe?ﬁ’(%i‘g’rﬁffl%d' Ut will be

was obServed that cul'turing of the undifferentiated ES
apptelc@tedsthaiet & rlog emplerdethatdacky ef headlis vithan e popation have the

PR S e i ol Bl e R g8 R tht e
; eCE&t@nM§&Jl@ge'nié‘ﬁ’o§&ﬁtb§ce(lF' S 18 drBent. Wi | e previ ous

ni ques for selection of specific |ineage
pr ogeks tsmdshdneinghelethe ricios ‘étntlpqwmﬁodnémmntfm’h and “multipotent”

di cators of differentiatig pec
rpfRhsSUE i rerdebisPaee ooy Ohieg P e GLPRSteg Thipotent cell
&S e&galﬁl@r o X@VBloBing " AAL bél[‘ gsato@ngo Rl Qﬁ‘%dn%lsv@e g.
0210347 A2 to Benvenisty, U'S 80, 71
bﬂ@sltchImm)2 pluSpatedt ddlisnspahle Hf A;ffdrentmtlnatlmtolwll celPlatypes (e.g. ES
céﬁgl Iar%fj‘ tnllqupol\tlc(i)rit ce”s grgzcoa?)able of differentiating into cells of specific

lineages only (e.g. vasculogenic progenitor cells).
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Al to Cibelli, J et al), these nethods are cunbersone
and costly. The observed norphol ogi cal features of the
woreoved4qepul ati on of cell s generated accordi ngPeDIL20&5/001050

teachi ngs of the present invention enabled a sinple
and rapid isolation of vascul ogenic progenitor cells
therefrom As is illustratetin the Exanpl es section
whi cHAS st wereisethsc téron “ofdatieliab prageniter deH? mgdenﬂ@fhehal

bl | f
SRS RS, R U S B O SOF R cn
rhds| gk Gald) the TipiSity I@nBFRSRMa ORAARURABIIARRIRY Ells.

a step of size/ norpho ogy sel ection foll ow ng
di f f eksewseid dieredm. thStarm ‘Siprtbélind rppcbg@httglyceélel @ tepisiheliah pregersor

effe various fi nmor phonetry and/ or
<Blin S ot P9 o seete e PP SE R bd bel o
Vet hodsu@ll Hekdih," @b itétith BREnAEpdicttPdBenitdr BB @F therBatbpbietic
as the passage through a nesh, sieve, filter and the

pr¢auesor F¢ll’trefess foancelidhqj chi gergrdte mabus blead cells. or por ous

cormerarripy stn el aefpef o Ml RITHT when o substansial

ﬂoi'tmnt 8OstbR &8k lang Whdit &ivakikéLIrSthbr Bﬁblll dis‘gfa‘? morphologlcal
Sci ences (Ann-Arbor M, USA) or B al con oSt on, NMA,

cusagterigtioer efferundiffdrertiatad |@lla neleanty néshnguwhlw Heewi néfom
(Cell . Cult
ity s O el Tl ety O s ey & cellyare easily

ré®ghived By RRE sRIIEd i ehe 2, 3848 ,typiémgtdbpemﬁlae}nickdgeolﬁ@ MeSv as
to be excl uded. Nbrphonetry reférs to

cebaswitleniigh wiclexcpoplabmf oatios  amd pramlmplrwlqwbt hoBigilarly,

[ di t ted,to.2- 3-.D i

i Rl ke giRtgbingt aam EREregiimen R ty e absence of

Hn@agel detiid incatkdr®usi thsi SRL@AbF AdQheltd! drowdMBALET rdcBpr 2
mmis commercially available to one skilled in the

(HEGP[RQé,e vascutar esrdothedial vedkemor (MESefl) war plafelatiendotbelial cell
PA, USA), Imagic-5 (lnmage
aggag °§8ﬂ?ddfg%w%4q3| Ger nany) and Stereol oger

( Systamgsdd ﬁ@lréirf‘gth@”t@rrﬁ\”‘%ﬁf&*eﬁmatéd‘(éell” ALRYARETd Rell MAat has
USA)] and can bé combined with wel | known |i ght

pmogressed dpyn an&velbpmstelr pathigay. e Chus, ghepofent embiyeoici stem cells
of esired rnal characterjstics (.0. .

& A ERGRe o Bt Tl piustn S, S hardicpzenitor,
h@ﬁﬁtocﬁ@ Fro@e@iﬁ% s orhhbrla®pBasic) dell€twiakh are' PIEA d)tEl‘i’tnl%F Yural cells,

refers to measurement of the optical or physical
hepatséytss afd blpod) loplk dypes.Siespastively; sndatheeandothelial, smooth muscle

oER e e bpr e BB TiRe B MRS B diskestiated furter ino

oURR P @bee’c&rs@i@%& %%Qh@?ﬁth@@ysu oee atn_cenats@ggeqﬁﬁérbmﬁated
and provide criteria for separation and isol at1on of

cekl which [i@vharecstetmuctqﬂal petific tgeuesiypermedrmay oxsmlamnpbrctam the
endot

hel i a ells vare for l e,
<BP50Y BenPliirate Tl ; VSl e e R eSS agtacle and
eRHBRICHALs are examples of terminally differentiated cells.

As mentioned hereinabove, individual undifferentiated ES cells are cultured
in a manner suitable for inducing differentiation into vasculogenic progenitor cells.

The undifferentiated ES cells utilized by the method of the present invention can be

mammalian embryonic stem cells obtained from fresh or cryopreserved embryonic
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Cells may al so be separated by sedi nentation through a

preparative density gradient such as FICOLL(tm) or
WwOPEROOLIZEE M) ( Amer sham Bi osci ences, | nc. Pi scap@mHRZ0ND1050

USA) (for exhaustive review of densitonetric

fractionation techni ques, see Pertoft, H J Biochem

Bi ophys Met hods 2000; 44:1-30). Thus, the present

Cialhvxmsmsonelksrfwn devitenfesdlised emtbryapé delappsaacndioo cultured ES

E]i?ﬁem eI I ;51? rogﬁ?l on and i oI ation. Previous

10 L bR ap PEBRIABAN BRPRs have

pr Odlzh&qg cféﬁﬂg 99{'[15 tra&‘aHH hid E)@d}ﬁpl%é&ﬁoﬂ RGEinBERW, AR rﬁethods

proliferation capabilities, limting their pracfical

ang pbmpediti@rs of Pﬂw;bremf fn,vetBE)reetre abitaide foBust with haMa0 pmbryonic

18 3 404, and Schul di.ner t al.P USA 2000; 97: 1

Gellgy ncer i iSREH Sy it Emgl fg{;é‘}ﬁ“t atio|and coaigplgfhyiman

e%r}tdﬁ?c gfameﬂ' %lf?efreﬂtﬁﬁo@ {seas}?ﬂh @Mﬂ Qe Bedien ahb sciddtific

generating large nunbers o |ca

effod] irf e patfewed embodlgienhufr&lequssene iﬂvedmxblthm gsdlffnentlated ES

popul ati on o cuI progepnitor cells isola
I SrHEAR O3 HETE bR O RS, 7 5suR UeRpERRFb ey 2
demfb@&h?&ét%?fﬁ Yy E@é&nﬁl‘é%&ﬁﬂﬁﬁe&fnb@%k\l s expressing the

endot hel I al' progenitor marker VE-cadhedrin (Figures
| G- EAcandlirendot meitherl prederkedr smbetonane ¢f-)the gmebent invention,

iyt e BB A Sl
c@fls & Ela’t'és QB&kd SVith 4l édﬁeézl%r subrdtB ShchHsft ?ﬁ‘er BNEd1BEER Taminin or

hese cel | s are capabl e of generating Targe nurrbers of
gniahhnqu:th awegdtnoge]ﬂ the @Sogaélm seedingetht ¢elld at a concentration

add|t| t GU Nh C Ltor. cells.m
a%%ﬁlé)é a1 LT dsTIdeg rd PR sBamigIgT Psgim. I a
n@c%'i {pﬁé? rhb&ﬁ B, S ARG SRIM AL RRARCED 'E:Q'lé”&etg%\%‘lﬁn type
hods for’ conditi oni ng, storage and thaw ng

IVypmlt@bﬂl-yozﬁecplpb@texj (a\{allaﬂﬂe faorn, (fereez(arflpiﬂ €xctnmPlikyrewars, BD-
met r.i o

23 to al
Faﬁﬁaf Boitern WA ea Br ST PLReEtos birfarthes dbsgripie of conditions for
dﬁ%éﬁ%‘dh'o@ES%@ﬂ@aChes directed differentiati on of
e

ryoni ¢ precursor cells presents an inportant goal
i n t i@neaimpootants featre ef Ithe piesentimghodilodyoisghe entbrspahng step.

mcel |l s ntalned in.culture often under
\@’b‘i‘htrﬁ b fAreieEh ARG tPTHE?ﬁE% § XS @bigved that a 3-

dg?é%%ﬁ %gﬁ%%g sbogi %&cgﬂ | h&C I’(’,qulrgd f {LhEN &t 'p?é%ously

rive s (Shanblott Ml et al
cBhtédedSAfcﬂO(ﬂiesothmalllcﬂff&x&)ltlamm rufmhnmEﬁ; embiysnicn stem cells.

SO A el el aptrgn £t o DO B
o%ggl?dow @(hlagg&r Q/Fth?ﬁ‘férélﬁﬁ%ﬂmnfn?gﬂﬂfﬁed )@Fesﬁﬁﬁ‘@?irﬁicatom of

man et uced hematoporetic differentiation in
ehdothelidEdifferbhtiatiop (EigutasrleA-@)t KCalbsesdingaoecamatiavwdramatically

of5i93 e ciiietss abe DREENt BSOS REeRdRCOr BB 0 B ot
AL oo 0 GO

|nduce neur ona devel opment I n neur al
higlogewerteatione (1.6 1b§'X peHsica’)taf hEScotP rasattéd/at olieterogeneous
and{aor neur ot r eegmgr ow h fact

population. Lower ce concentratlonso(rSXlg“e ‘1?('10§ cé/lls/cm ) produced
a defined population of cells, including a majority of small, flat endothelial-like cells

and fewer large, smooth-muscle-like cells (Figure 1B).
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produced pul sating cardi ac nuscle cells and
neuron-1li ke cells by exposi ng human enbryoi d body

wazlobs40rss a vari ety of growth factors (Itskovie@yE?20@v001050

J et al Mol Med 2000; 6: 88-95, Schul diner, Met al PNAS
USA 2000; 97: 11307-312 and | nternati onal Pat

Application No. WO 0210347 #2 to Benveni sty N).

Howee Exaimplesfse¢tion valnioly &ottorvtsi pyorddesnirtherideserptianof methods

i t.her cocul.turing,..embryqid bady formation or. .
ofboline it i ol S I e B pgiteing conditions
cel | ASUlsERR&eMBIHeRES RAiffeehfstich héRiAntdfadsit®R seitabld@edium
vascul ogeni ¢ progenitor cells of the present invention

capableof sfipmuting ghywibxpuk differentiatipe sif fthe kaselld. arExamples of

ST SR o bRl e e e B e pRReR gfvepfin irtiude o
VBNRYSHE @riftht fRdMaprphedenitE PIRSENt Aphs AIEM SRaRRd (Life
at a low concentration, to growh factors, induces

Tectirfodogien Inat, iRnekvibeoMihddBA) or Paihereo’s anihin esseniiplemedium

SRR e P RS B e P s Rslfond 0.1mM -
medelipeath@iict (Oiffe EadRbRBlidsahe. ROk vRIREMIS MPSAY Fi gures | C-F

and " 2F-H), while exposure to the snooth nuscle growh
f act dys h$D@EatBBed pherginabeved it rwast lobsarsed ehate|chltwiimgk eafs the

Fi.gur es -F) ., Simlarly, exposure to cytpkines .
bR Hehaliooruted b RaH e Reh SR ipRE Populaion of
YRS CHEIRARB! £ M4j88ENbE Amalelila ehidtBllaf3ike Keellk - andnfever large,

accordi ng to anot her aspect of the present invention

smioethemisclgplike/ ¢alsdFigureetYod of preparing somatic cells

from opul ati on. of vascul ogenic progenitor cel.ls

of 1 MenTs BSRi hosBBisBrs 1T ERE TP B TR Proplets have
depdrkd 310 iRnRARMtétioA NofO indi@Ssiy | STO8IHfebenPb@GIE hinll Odpecific cell
cell s as described herei nabove, and culturing the

linegaeb s otnaséscentse magesticcogr seyting t(sae, der exanipie,t ternational

it crtiicSiama 0 Bop i uf hetvidin U-Se PRC R 0o 18 1o
KAmbL ™S sRIMhdmsHeN! A; RdrBitonhOP&. A®blicRionded.i WG 29206

i neage, identifiable as belonging to a specific cel
Ahen6ibehls etaalpothesomethiodslare tumbersinmgyaediicostly. The observed

bi ochem and/ ar, functjonal criteria. Somatic cell
rBIgE e o i <] Pasion cttsl e afectding To the
t&RéhinkPOseMe pJrbRAt RhRGEIBH SabRiAd aS kRIS €AldS rapif attBlaBidn of
of somatic cells, in the context of the present

viaspudngenig proganétor peltst thetefraim. c eAd is, illgstratedhinnthe dxempéds| ssgtion

n l.ood cel | s. ous .ar h_factors. have .hee .
g Pl Sae ineok G sl QR 20 35 SpbleR e s Gtent
1M RBTRESIuTo AR PREIBRIOPQIIS ot ﬁ’l'efrﬁi%&géoﬂlﬁétidﬁrbf%ﬂ’sf (Figures
reviews, see Carneliet, P Nature Med 2000; 6: 389- 95,

1&10). Yancopoul os G Nat ure 2000; 407: 242- 48). Al though

some (i.e, VEG- . An d PDGF) are nore.dom nant in .
et AMuRe PEEH R RPe EPaE AR o 1M Piaey GR ection
f@ﬂo»ﬁh?&ﬁﬂ‘eﬂeﬁﬁatﬁﬁl | St ts&eﬁﬁ(ﬂ?ﬁél@gyc Qblkb&idnS cdnY Bk Cfekdtd Busing
result of the conbined, and tenporally coordinated
vagouso filaticn, nonotrdyomsfryf and/or glensitometry approaches as is further
described below.
Methods of filtration are well known in the art, such as the passage through a

mesh, sieve, filter and the like. Filters can comprise a fibrous matrix or porous

material. Such filters may be one of several commercially available filters including
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Thus, according to one enbodi nent of this aspect of

the present invention, directed differentiation is
we@bdoeot0ass by usi ng one or nore growth factors PCT/IL2005/001050

including, but not Iimted to, vascul ar endotheli al

growt h factor (VEGF), angio 0| etin (Ang), pl atel et

derived growth factor (PDGF¥> ephrin (Eph), fibroblast

bopt oot Imitexttoael | (cEIBEE ,ﬁlttem'ibcrm @’akb\liaiih Sfcamt:@r(A(rmGE)bpr MI, USA) or

nt ro f (Pl t OKi .
B JRP dBodbRn A, 1EAD opceetiry e e &Y Rivmest Gl vine a
p%&@ r:ﬂzee&ﬁ 46 Oglehs@@ture@aﬁm Lﬁ@%tc%nc%%x MA}TUMMIH@ the
factor ranul ocyt e- macr ophage col oy
setaillay) Ieadothglaidtke cwell:( E\paESand tiBulatgef,cmaptismarsele hke cells to be
cO 4cially avai l able to one skilled in the art, in
@ge ations suitable for use in cell culture.

Furt h@»’i(ﬂ?ﬁ@met » Wdrd tPhe IREEEHREES dxiédhall 86m, and can employ
above i oned growth factors may conprise famlies of

rhetbodsr igcliuding bt ngt lirlted to2-remide Dl ismgh andlysgs. dAfiyancedimaging

SR B 5 S CBBEB SLhg5ERg van 0o

i€ )&@Hiﬁge‘?lif}vaaA‘labféEg:ox% skillMEE art@éec%r &RGhHE; Gﬁefﬁﬁ%rph

stinul ate ‘endothelial differentiation, while the PDG-
Surfvase U fixadshli Iexs:imngmd'r)o‘anmyBA slrmé), Hmagised @mage Science

v i o) oS SHOgu S ERRRIPbinecit ATy Tc.
ARREIKR! VATREL) aﬁtﬁ&{neoec&,lnkbﬁnédemllmwmlgm hitGb&Bpy and

by increasing a concentration of serumin the
fthvf fsertimgt tecttniques fedselact{oneel objedix afiplesir@ erdemph bledrantgristics

e RS AR R 0D oSl L B G5 Rl g o

&dagcul ar snooth nuscle cells from vascul ogenic
progenitor cells. The nethod is effected by culturing
vas cUlDegeitimetpsogiers tooneasedelrent of the dptidad Deph)isﬁial depsity of an

T’Edi ug%@mpi ot ncll_ﬁlfjgi?%{?% lﬁﬁrgkﬁepa[;hgqfegg/;uhﬁﬁggn c raracteristic
cﬁ§tﬁg)@t§(ﬁp|0¥ &'Ilg RE PEH@RS 1@%s{cdh¥tic h{éaﬁgghéﬂtéjrlna)t hR used to

erentiation of vascul ogenic progenitor cells into
ohaciotehiet iaatl wevids ¢rEG)ja fary s¢paraion adnde dolayion eafuctllsg Drewices

concentration of . ser m|nthe rentiati on . nediu
5@ r}lﬁr %ﬁ%ﬁlfBF’étfg’ FReIASPR [ wqﬂetrﬂf}& S Ry Pam ple, the
P@IE@UEeCI aﬁlg&?tceﬁf dérﬂﬁorﬂét‘?ys ShalyRye ;N/IE@@)S fdaer §/Ids§0w Russia).

provided a nethod of I nducing differentiation of
Cellsandyoglembe sgpaoehby eedimenthsgorn thraughredpriehahiied demsltj/ gradient

e R EDLLE FRCEELNY (Simetrin: BinsReste o nBesavay, NI

IUS‘&# (efgxeéxh%uﬁf% YEYiEQBE BEHSE BRI ﬁé&%ﬁaﬁo’iﬁ&}é@uemé@%ﬂoft H

pre ably lower than 3% nost preferably [ ower than
J2Bsoch¢ma)Biofithe Methbdy 20010; 4#i1e30). nBtusy tiei preseandhvention provides

functionality ofvsulo eni.c ¢ v- SMC, and/ or
aFSh AN [PPIHPPENTA 1 QOR8N ﬁ%‘i e i e%fismfa&gen ievious

f&hb& bP 1%‘1%[?&1@S&Hrﬁ}ggé?lfltof‘tcelllseﬁ%e érd@lﬁ&@i’ Emgenltor ;t)opulatlons

preferably at | east 5 dyne/cm, t preferably a
which lack desirable proliferation capablhtles limiting their practical application

(Reubinoff, BE et al Nat Biotech 2000;18:399-404, and Schuldiner, M et al PNAS
USA 2000;97:11307-312). The vasculogenic progenitor cells isolated by the
methods of the present invention are capable of generating large numbers of identical

cells by proliferation through numerous cell doublings.
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| east 10 dyne/cmfor a tinme period sufficient to
enhance differentiation, maturation and/or

wo eendopal ity of the vascul ogenic cells (see BEXEITEHE/ 81050
her ei nbel ow). Preferably the exposure of vasul ogenic
cells to a shear force is effected by using a fl ow
chanber such as illustrated®in Figure 10. Wile
r edudibagpapuiation exfevasculagenit iporgenisompeellst iseletedi accarging to the
reveal e hat following initial exposyre to
SHFFER ot {15 PERTHo U1 S chBaeBEPRL ot pypundance of cells
ekplebdidd it .endBelVASHELAEOR | RarkE0 YENEdBEdEE | (FRurednIC Mt and
the snooth nuscle progenitors of the present 1 nvention
eddotbelil r maskers Hiffsgurer ub)e aandu priavedy ofroBfesating) rasi dedicated by

.cell proli Lon. Thus, accordi t nother a t.
iPraorBicg & BALD Al B Shetef etre .. B FfcpiGres i aitional
shuludl forCRAME Hiff&eRidORU kiddsk Q2119 arl amphbe aen ?é?nerating large
progenitor cells being sustainable in a proliferative,
numbersf rrevitipetenidvascel pgenioprogeniton wglls sInatidifzops ther vaseegenic
and bei ng capabl e .of .di,f.ferentiation into ot h .
FRRESBIG R U0 B TRt B T eBa et St Iqfgppriods of
tRAPBY U8 pieQerdhtideARbrddEt0Pa SUMRB ingothdBSEH LOERMbfnd storage
hemat opol etic growh factor, as detail ed herei nabove.

amfh thawing typecally emplayed én e arhiseq fesexamplabhi PasnNeah14b123
teﬁ’oan ed anq mai ntained in a relatively

O HEMe e R 4 ht ed state. The pluripotent, and

prolifhRrabi ¥R um&fc@r oPf diffBRhAa8d CcaAR iRloust BRYapeutic
cells has naturally been exploited for the benefit o
approacheso ditested ediffeeqntingen of ambryomis meequirsey. cdlls presenie an

APl i< 75 4 B S TaEe SRR SR em cells
rhARGAES in tRnAE REBY jﬁn&@Fo SfUn¥ardblhid @R RntiAidP(THRMsbAS.A. et al
I evel of the individual cells, but al so norphol ogical,

Ssienct &998;282: hivkh-dhativedteshdifisrapaintiormof embiyeidobody-derived cells

(SFRBBl SE S I6A HOR8 1S5 R RATRD cots incocuture
Withs MEF Uel#NKILREdnS DS of aRPNAS USA W09 19PRIDT) h&Y been
or ganbi oreactors. Exanples of tissues that have been

dengnsteatectbly inanipillation af envimnmiehtalyfictoks cforR¥ample, Kavfinan et al

. Faci al . Pl .ast 2002: 18:59-68 Ki L KH
ipbived eRagpoitabdttichiaten inBynat S s B e Bt Suge bone
RN A @tréin%énsgmaﬁfnwnobsle‘@%? PR ASL SA6D0GIN98: PENGLERL akd US
islets (Maria-Engler SS et al Braz J Med Biol Res

P20040.36,28971& Yo KdofwarerD o hbsad Capantsr (A Pap dgplication No.

' . di ff tiated ti t t .
PPERETRE o peF B o TR LR RaTE! Dot pdenior
cklls By 86PoshrefiRCAMMARANE bfd@bl feursSttdPhid %rb@ﬂﬁfaeeéat BESenisty
(Lenel sky, et al Science 2001 ;292: "1389-94) and bl ood

prodised p(ldatinigreardids revschd calnA@dUSAraBbkd celB: byl eFpobgiyman
eyt P2y Kl vk uet SRAT REato N Eigsa g gf Mo Med

2000:8rgsess, ’RhhIRNRRF, A1 £AfPNASIISA 2p009eN1807-51F SidIni@national
functi onal neovessels on decel |l ul arized porcine

Rat ssmilisatidne Wen BW0g 0210347  APNAaSBeiSAnisty N). However, all of the

abovementioned methods employ either coculturing, embryoid body formation or

selection of progenitors by immunodetection of cell-surface markers.
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2002; 99: 4391-96), working with human enbryoi d body
derived endothelial cells, denonstrated formati on of

wa 2vendi7k®e structures in matrigel, and m cr oveBGSEIIR005/001050

upon transpl antati on. However, these vessel-Ilike
structures typically lack the normal conplex

vascul ar/ mural organi zati on?tharacteristic of normal

bl oodiwesdedisfereliaticn ofedwcvasgulbgfmuplpmmton callsnifi the present

ractice, S risin unco ered that th
i{eBEon Gginbs Hegsdt srowily o Pl redenemonTe gy o
hfe&%f@p%féﬁh' ro‘ﬂﬁ%&&@ry l'i ke vessels when grown in

mat ri gel appropriate growh factors (Figures

3A— GAs sndlustatgd rin \the dixasplest seumbru méngcho fol Bivegi map@ure of the

affol ds (Figures 4A and 4B) n both cases, no
VBFRHRERBT BIOESIPT, A1 SCBIgnAl a0 M SN G cpy B factors,

1ﬁﬁicgéjﬁl?ﬁre%§a§%1‘?ﬁﬁo $hscBlo magrd\&l piRfoRb &OCE)gp%lee to the growth

formation wthin the vascul ar structures
fatoo hYBGF tindardt ther apsqente off bhth m@phﬂoglcaivem i fongtional

L o Ra T 4o e el R OB SH o

tRORMBIH Husele ¥ARAH! OGP PGPS It oufifdd SRbiH Mfiscle cell

present invention in the presence of at | east one
makers [(Bigerds @ AaB)l/ Simidarlyi, egposuce tgraytakimes astitrolgtediheteatopoietic

ndi tions suitable for inducing, vascul ssue
i r R cs TS a6t s BREHe TN oF St i s
as peqthugfabg:/&glr&r 8SRBthet MPERIIFUL présss Eﬂ\éﬁtl(;ﬂ fRKEis pRovided a

pr epar ed ulturing the vascul ogenl c progenitor
rogthdds of prepassgrisersatid dsllsvirsmuthapopaltiiam o vaseotoigagic progenitor

di Such a nediu ri ses
celis phis Praﬁeai.t i | e rnehister bRt apinine @ population of
\%@&ﬂé g@ﬁic pr fllsecﬂ Qﬁ§cnb@3 ‘%&Erﬁbow a%&lt%ngct‘ﬁla 888 Rtion

rat t agen , i n which grow
df araﬂ;antogbmeqiregsbmtdn édllsrie tite| @edence w%adcdsbgtm]growdefalc@r awvigable

i xed foll owin tion. The growth factors may be
franh‘?ﬁl'_‘ﬁm@ pramaf d‘%@ﬁ&?qﬁ ¥vascul ogeni ¢ and/ or
angi qtgﬁ?éeﬁ HRGhOfg tedi CborAsticV @ Uk Rs &NFENYr cf%hnlte lineage,
gr owt actor (VEGF), angiopoietin (Ang), platelet

1dlmt1fmbkd gisonklongingt oo @ PESSE)fic ecp:ﬂmlr iphefidippg , vibi mnaphasgical,

S AL PIAGRFTCML EBOT HUGEsOmal 506 o SorIThS alls are by
déﬁﬁﬁféhqg@gr r g@%ﬂ{ n%éd %auegfrﬁaémga{em&n%g&s@k %@@ean cells.

pre odi nent rowf h fact are
E)@fﬂﬂles\tﬁ@éln%wmﬁs 1@ thg/cohtektPiiCihe Bifese@r owehtiaf, are endothehal

scul ar, str res | cally evident after 7-15
ca@wmﬁama% eo‘f‘F Sdﬁlgrbi%qdé?efﬂéu ¢ endothelial cell
CONMPA{GRLrSus gfb‘%&nh et NE N6l b?e%l ﬁﬁlcg’t@g'ﬁ%h@é&nopl X pfogesses of

| i poprotein Capsul es; vesse and bl oo
vas@ilapehexig, eahgingehessg ahd)gwnmtmbow&cdnfﬁmmmanmms{ﬁmpgpweas, see

gl P by e 00 SE0,88 g Panieriles Fayieagogor e

@.mA%SQ%H $on¥d {1r COVRIGES 88 g ang PtDL@F REOBRM B mahf 1ntt$r effects
P esent nvent

on on & porous su port or scaffol
tRarctthens pefitactise differevsiatiok Dﬁmgemtdr hellsain’to faaaicldeBs isRgpically
al\rlggult 05f' tﬁe5 gorgglgec? rz!lgd ?enzgogally coordinated action of a number of factors.
Thus, according to one embodiment of this aspect of the present invention,
directed differentiation is effected by using one or more growth factors including, but

not limited to, vascular endothelial growth factor (VEGF), angiopoietin (Ang),
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to Vacanti et al, and 6,379,962 to Holy et al), and
have been recently proposed, for exanple, as tubular

whbmwed4ressel prostheses for vascul ari zati on ar@r/1L2005/001050

epithelialization by host cells, for vascul ar
regeneration (U.S. Pat Application 20020019663 Al to
Ternin, PL et al), for wound repair with fibroblasts

nlatelst depived Appithdacton® XG0 eprésEph), ditmeblast grasvthdhtondi@F),

for in viira. bone ineering (U.S. . P Pl ion, ..
or HB55ubodEon Ok BOTSERE S Bogh atjeto] RUARE. Brokines
bi¥BA! @forhtiPoREiasS eMhnskdMBNLinlin, VaemUl @Il tfa&sHe(SCF),

of greater than capil lary size is (fr epared by
Grahwloeyte golohe-stimslating dantoro( GES e A grangletyte-nmerephage colony

BB ER e N dueSosh tatety B Sama SR RRE 1 ond Hted
iTedr, &t pRP&EAAS sARhble korBE i CellB&iltdre.

polyl actic-glycolic acid or alginate, and
di f f divetheinaare,oit witl heuanpeesiated thst greoshdvemguotianed gye@h fgtors

50 /[ m nd hP - BB . ng/ Y/ I Ay f

Roc e ik dirontg roUR g reblrst miREEEy Aribl SHGerR! and
FEREER | rBlel MR itk lbvel SPROMAL rBERS. VIS Ubsdosure to members of the
characteristics such as |umen, endothelial and snpoth

VIEGSE fanide (tbsexanglld VEAH-AsVEAE -BndVEGH-D) GMEiSEread bFGF may

E 14, [ | tyr. Fi A4A-B) . .Livi

JRe aftorredeliB EresBata e heb BFrDd ne Timitisidpportant
ih B¥8Bth RisckAltvER e BchniAmES BRRRATISH, ir¥Pebtheryapy, and

for neovascul ari zati on of non-vascul ar ti ssue.

Vasc Ulter diffesmtietiorapf bas¢uipdeaitt progemitas eaMsriptonivascular smooth

AR L AR LTS0S R i o
RALRALEARY: nMdith R8LL Exafple I HePeihbISWES €xperi enci ng,

or at risk of ischenm c danmage, as in ischemc heart
di sedBwsaavdomclargeloranbthenaspettaof e peeseteinvegition] theteyis provided a

RBBH o s BT S A T 6B B Gt
dehgrapy in cases of surgical bypass, vascul ar

degeneration such as atherosclerosis and autoi mmune
di sedbe. methad| Is b#ecdghbyc tultuathgt Masculdgérfie rrpogdnitor wglls in a

| tures or vascul.ar.tissues prepared from. 0
ereniaiedned BRgurh s aER R ComgntsDiehr i teofmore
préR bR YA Ehah m,%bst%%féﬁg?ﬂy%cijélﬁf tHahq 0b01Y§%4.1 gati on of
processes effecting vascul ai devel opnent and functi on.
For drappdigont e cdiffeentiatibnt i of's vescubfgeniae pprygesidort cells into
i nvention be cultured, in the presence of. suspected
cogyPeishaees T dhesdhi pEarLbY rdiF nsEE e Suigh ST te
diffé@ntiAMonSHRIPHA Psek On BRAMPIIWAiAbdHW).r onment al  factors
such as tenperature, gas partial pressure and pH, or

co- culhugy asdoiding leeanpthes espeet aff the phdset ifvenoos there is provided a

S5 e B o TG Ry 205 5 ot

&nsot hel i al marker expression, |loss of proliferative
capacity, or disorganization of in vitro
vasculler metitodois cHiecttst basswning vascdleperiernpreganiter cells in a

fect of various,factors. Thus, according, to ot her
litsERtodi meio Ruieh et ol ehin PREraei P s G, more
preferably lower than 3%, most preferably lower than 2% (v/v).
The differentiation, maturation and/or functionality of vasulogenic cells (v-

SMC and/or EC) can be further enhanced by exposing the vasculogenic cells to a
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nmet hod of determ ning an effect of a factor on
vascul ar devel opnment, grow h and/or nodification. The

worstohoe75%5 ef f ect ed by exposi ng t he popul ati onP@¥f/1L2005/001050

vascul ogeni c progenitor cells of the present invention
to the factor, and determ ning an effect of the factor
on the cells. The vascul ogefd ¢ progenitor cel I's can be
sheqm deed of at Eastalcdyre/caus petiraly af laastti dynefony , orost preferably at

IGhTD R8 Frrfor afine e, ST i i inirigg, maturation
oAENE! RRERHa1AN " BRC&NIoPRY BAK PReCERAAYRIS! Rertfibbiow).

undesi rabl e effects of subst ances i ntended f
Préferablyethe rexposuné ob vimatqgeniorcellase alshearfoweds sfected by using a

ternatively b ed t di scover novel
XhTFO6F g€ fas\l,lgzs\éraqegé%ﬁggres ‘In order to enable
assesPARd tre@cify HRE Ieseth Iuwehh&g ageMi@r ifavRl PRRERY that

and growth, conditions of culturing the vascul ogenic
follogiapiititial eglobwe 3t diffateryimtibanpadalh and @rze rsoleetion by filtration,

refer opt i nal or vascu ogene and .
5, St SHOaamer LT RS LT SHSGE PegeTiiRS of the

p‘f&@]?lo RaRhEod SHbRBatd ABLEt Alcleirf Eﬁt’éﬁ@tdfahhﬁm indicating cell
ractors), tenperature, substrate conposition, gas
nntailfelaabnpressures and the like, for the speC|f| c stage

of vascul ar devel o nt bei ng .investjgated. | ndee

i | SR oTH e AT EREC: DL e AP Figenifoie et plaaded a
cRfeeQRke | ENFHSS d %Bglahl?ﬁt of %M cfifd %ﬁo%emtor cells being
vasculogenlc progenltor cells of the present invention
susthinallo ima grobideratbed, sadiffaichiisted gtaterfor asMBag a1 aldys or more and

prevente dlffe ntiatjon by hVECGE ( 5A- B).
bSl% | gPplle  of g differepiiatione dnfoor SQQthy; ﬁ@%ﬁfe %@W%llal and/or
bfeﬁ%' ﬁ:nﬁ n@;oanﬁgigﬁféCYo GPYL: e SHTREPRRA, VaSculogenic or

pote t| al cts on enbryonic
heamtpbtid Eglmlvthpffaetnt,,ash;eteebcﬂ deraigpboss c dhogehe cell culture of the
progenitor cell re t he drug.and nonitori
RS BPRPTLfanG P GRATGF B STUBADRT 1B FHVER) o Hgpentiated
hods commonly used in the art Simlarly, factors
stinmul ating or upregul ating angi ogenesi s and/ or
vas c Thegdurggsitent | andtrhelifessive chag‘eﬁércofpﬁndgmriid; and adbill sem cells

can be t asse r .subopt .condi tions of,
heamaufr?l?vgsbegb &P@H&@ﬁaﬂ %é{epﬁ@ ghde u‘rltsgeﬁlfég? Prepagptign and
eﬂg?nb&ﬂ'g ef{ BsshB%h ﬂ@er ttlbgfé %egf’t%fsd B 5 &S are cultured in

i des, ant bod conmpounds and
Viir® Mo a;mlropagimdlfferﬁmanm ﬁarcagertotachleae nbt pulyudifferentigion on

(¢ Bl oo s Subalss Mo esiar drigihiequisal apd anatomical
1ﬁﬂbﬁlt1ﬁt8 e %ni%h’&l@ ah& N&uSFH‘ tlegL%Van%r kfffesOihich may

e oping celI" popul'ations bearing uni previ ously
henmd ais reebdvecec Iﬁarmstl@(orgahlgra;&s Asr alslfxciadaargap support, or organ-

i.llustrated i of th Ies ectjon
hﬁ@?@thﬁm Pgwmrﬁ 52&5? il?jéﬁ\aEe tl%ﬁredig} pitro are cartilage
QIPJR?%@ Bont Gflﬂpaoﬁ)aﬂ ﬁ%FSu @0@511'8%@ 6%2 %ll%qufl ofsei Med
roli ['s anena

eration us maki ng uch el
Jgﬁm)@wlcﬂlﬁa?ﬂ)p gératougnary r tessgksr (AtglasAl dfurc é)plus Urbbi 999;9:517-26)

aggﬁgggﬁ%tfcdg e‘%‘sbl(l\%arla-Ené(lgrr g Seltrgl Braz J ?\?éc’c} Bi1 l%{es)ﬁ%%? %91%%1 -7.
However, these tissues have been engineered from differentiated tissue components,

not from stem cells. Embryonic stem cells have been used to produce functional
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Exogenous pol ypepti des expressed in such a cel
culture can be cell surface markers, cell-surface

W@2b/gansy angi ogeni ¢ factors, vascul ogeni c f aRtDNLOENH1050

hemat opoi etic factors. Additional polypeptides that
can be expressed are, for exanple, various receptors,
| i gands, cell adhesion nol etdll es, enzynes, peptide

phesreadisaslelike straetunes Gpmeksky. ot ok Sdiense Z0AE292id 88A-Bhand blood

progeni tor I p ent L d ion may be
ARt 55 gt 3 PN BT R UAS i eey by

| Nt 1 gl 1IRP s@fictdred HaVeRREd iR n TOHAMRANE SitRSI CRAIAS dt BE(Nat Med
exogenous pol ypeptide, or a precursor form of the

280 bddN3erdOpokeyatad: ipadphersl ogatnthedial arredegiforsu fdraiing dunetional
seguences can transferred tqQ the vascul ogeni

RO B B RErise S (RS Yarp s by LoV AREI dordl fENAS USA
206499489 RbER Gtk g Witk rlﬁlhﬁ:ine&hli)r?&d body0ld@let OdhdothelidlOcells,
or other viral or mcrobial vector or other neans well
demonsiratesl nmmatién of dibealike $hickures m matriggh tandPniskeveadsisyupon

R T T ol St A S
cOMpR]NASCU R NhaPBhsatioy che@bRHSHUESH NoRhhl BBGIWReskdls.t he
art including, but not limted to inmunoblotting,

i mrurBhilaiocdeargcbs BEESEBSA iamehtiRN- RCRyractivle] it eway syrprigmely
| tid . b t ed d

B PRERCE: 86 AR tE e RBo el oL BB P enC FRERTF Ty gpat.

cApUAB NN GeReldeWvRER -gréwin tiRi faffBRNeith @Pbtopriatel §RWRE Ofactors

organs can be prepared wi th exogenous maj or _
(Rigates Sdwpat aadi ligew vasaulagstnstuces et algirate statfplsia {Bigures 4A and

j ection of | ials by the b
Epain bRk ProchoBParnrirobe S Puli Hgeafa et b ogprved

(VRafd| Deniafd oW Nad AFAI0RS bidYd BME PSR SivilBindtheWcular
factor receptors can be selected and cul tured,

sungatesng cul tures of vascul ogenic progenitor cells

ith.alt d.t d ' d/ or. i tvitl L
di 1 APUHECSITE (P AaBrsPer of e duterentiuNPiag, Isis i pRpvided a
6@hd P 1615 plephBf R¥sdul® TRLEOTEe Ghethb® iPrERBRE by \CBRHMY the

can be used therapeutically, in treatment of vascular
papdatiers ofivasculogenic ppgghiderasstls oPthecpresent iryspliow &t therpsesence

i.nclude cell transpl antation.for. repaisr of da ed a

of G bt o OB Sy, FRinebhis’ 8PV JBtiaR APy contitions
stitsbidl for A AIEAYQIMGisERAATBIAliAtR. Medi ci ne.  Exanpl es

of such therapeutic applications of stem and

pr ogéicomlingteldng embedintant alidiseaspent iob thegiresgatsiowéntignovaseular
observed in Q;ea chem i SSu

f t f. : .
R0 Grbrapth TS5 Culuing B datioseni HPBGHISF 5P in @ semi-solid,
ValANRIFRI6h-ProffotRl Ghédibthat | OSucROOL; mklRinG 34yp3dallyan@mprises

the neovascul ari zation by adult endothelial
eptraqgnlar oratrix gbmponants (fer exanzple,i Mahigel-aBP Bipsaiknsed Bedford,

r in mce han G,et .al Crc Res 2002:
N B850 sy it (O Bura ot Peen, bt o oRRS 2Pk e Btopreated.
diffGeRIABRE Wastuly@id ealld BRI it RIRWISEdgdrepRINOd TRE growth
relieving or preventing a vascul ar di sease or
faaterdimayobe amy af the abovementioned vasculogenic and/or angiogenic factors,
such as vascular endothelial growth factor (VEGEF), angiopoietin (Ang), platelet
derived growth factor (PDGF), ephrin (Eph), fibroblast growth factor (FGF), tumor
growth factor (TGF) and placental growth factor (PIGF), known to induce

vasculogenic and/or angiogenic growth or development. In a preferred embodiment,
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mammal i an subject. The nethod is effected by
adm ni stering the vascul ogenic progenitor cells of the

w@emsedsrsi nvention to the subject. Methods of PCT/IL2005/001050

adm ni stering the progenitor cells of the present

i nvention to subjects, particularly human subjects

i ncl ude injection or inplanfhtion of the cells into
thaggevthsfactess ane 5(heg/mlbYEGF565 antie10c:3g/m=l KPDGEHSB. Growth of
i nvention can.be in erte ]%;ellver devi c

% whi ch .

vageular; stoictires Ilﬁ DEYE yl &4 e&, ubatlon haracteristic

énHPﬂh@l'le k1| 2BmpOients] @ué}leésl Weib@f—?alﬁ&eb&ﬁéﬁ &fl1fpop 1%46“1 capsules
del i very devi ces include tubes, e.g., Catheters

viesgeb bumeng aod blowdaatls ﬁﬂemmtadnb)ohrsﬂwbpwmﬁ ebdctran mlcroscopy, as

[ t d enbodi t, th
el et romEr iR RUBFe. o g . a oyringe.
t hr ougimmbi _?xﬂicf'd%@o Itlgﬁleoafrcﬁlfé@tu'r@Hﬁ?ta'léénbecﬁlnmt&ed in vitro by

i ntroduced into t ubject at a deSired |ocation. The
spechpe thiet progemtdrs oﬁfthet bees¢mvisvdantion anam powus rsepparg dori seaffold.
h a delivery. device g., yLinge, | [ffe
SFF b s Rl PEvh i the i e 2187 NG el pif §710.417
18 OV dehhtPBt Al akI"B! @‘7‘9' 982 kd HRIyS &P 'ahd WaYd bé%n%@é?ltly proposed, for
contained in such a delivery dévice. As used hérein,
exhmptee psrtubs b bidodrvesseah prasthesesafoc aascubrlzmordandmtﬂlehahzatlon
ich the cells of theinven vi ab

R GFL SAH e ST (L PBE ApB e {00RAPIO663 Al to
BEREEL PR ef RO, POESHBEnd PSR 'vﬁfh | rbMEGs S .§NPat Application

aquedus buffeér solutions, solvents and/or di spersion
200206768 Th &0 Dei Jat abwodh fmanrwtecv borwnfdlgmebun@(lé SL Bamlbphcatlon

Th i
MnaPPel] fgengitnatt fhideady Sip rgaBIeRL ot e presen
iBWdrgibR, vast@heriaht Yor gtréll?erstﬁiﬂ"&ép?l'ihry SiRliaRkatbadsy cﬁlﬁ?ing the

condi tions of manufacture and storage and preserved
‘agailogenict Ipeogeoitbrametiat omga a&{hrm:nsafna}m scafpaldganins s preferred
syc asb cter and fungi ou he use .of, for

G i St e PO i gl cxnsres 4G el such as

i QS

AL b B5053LIacOBLR oy oSNAE RSP Rin medium
welairs grewtefictorb¥EATesse(50 nigmh acd hPDGF-BB (01 ngémt). avigbcular
as rg&gl red, other ingredi ents enynerated abov%Fl 1
tsgq epRrepsnt e BVERHIol: SFOWT L B a8, plgeie seatfqld dypically
dehotbirfils Y REuNASEMRIRALEsRAOY %‘r‘n&rp ren@6thk$al GRA sR®oth muscle
I ncor porated or embedded 1 nclude natrices which are
aelig icpll erustonsaad vbh &Vidabrawh Fadtorde d# aldps inrubuer(biduotsstA-B).
whi ch .are not har nf ul e reci n Nat ural and/ or
synt Hét”nné VB?%&?%&HF%@Y?FLF Yhéé%etg‘?‘g ‘é‘k‘éﬂfﬂ%‘g Igyentigp fan be
JBBd b ‘?é%ené\‘ﬁﬁw ﬂ{eriﬂyo%gri%g%%@as@ﬁﬁﬁia%ﬁ IR cular tissue.
plasma clots, e.g., "derived froma manmal, polyneric
‘é&saﬂlﬁoltrdsj,e nmyrbagahphntd:dcmtd &gbnyomixt, r groesg Sy ratlhkkt arganisms

[ radabl e trlces caffolfl i.nclude synthetic
PERRE, Eora o B gt o & 1 asTor o, 5, dmotier Sncrgppsoular
ﬂ&@id&g@%ﬂcﬁaﬁé@s or 1ngu@sX&'E@h&§:lﬂg O§Xmlm6f’ 1§T}{éﬁ‘hé’ B%hage, as

met hods of i ncorporating or enbedding cells into
in h@banndtelartcbﬁam andkerostmalivastihe disepse. Stimilarly, yastiils: tlssue of

at 4,298, 002 a 308, 701. Th
hRFRS TEIBOPh R BIEE iﬁwdpmsg@t pb e dipgter Tor tissue

rE‘%lQ&nlléﬁt RRQESNIik Was&ebf Sulghtal ibYPaRNa@ifr ddBEiitEsuch as
the preferre .

atherosclerosis and autoimmune disease.
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formin which the vascul ogenic progenitor cells are
i ntroduced into the recipient subjects.

woredobosent i ati on of the inplanted vascul ogeni CPCT/IL2005/001050
progenitor cells of the invention nmay be directed by
factors originating fromthe surrounding tissue, or
may be initiated by pre-inp?%ntation i ncubation wth
| i nedygwilkbeappreaiated that Hiffezantioting cuthues orfvascudardisgies prepared

LS RSB TR D L e
saftdyl€ViBr 3hP ARWsBEAtRR BN IPr6deseks! EFfSOMBLT VhsBMaC [d8velopment and

precursors. Vascul ar disease and conditjons that can
fiwectione Zoe axample, thieellsend digsuesfof theeprpseatimmentiommany boenltured

.include congenital .and. acqui.red vasgul a isorders an

ih 35 BitSerkP dfenptiednioris b Rg iSRG e enfthtbndhls AR e
likeOBHRRpIRH ¥ asmdtaidart SAViFSInTentR! REDSTst SuchaHC tWnerature, gas
di sorders existing frombirth, including both

pariab gassury anth gHd ev ed-opiinsed &1 theipseneniesr &f celladipum pibgr tissues or

ascul ar di§${dersf refeqs tg V§§§U|§r dhsord F S ch as failure
oL QRGP &rIABEFY A PATARETTRIOh 8 VR SAd 4PV QRIAG sheh as failu
orefidyest @hdARGiaP imAKS SPr&ssidh, WRESf PlofitasBie Sapabitydsor dis-
the m crovascul ar pathol ogi es of diabetes. _
otganidation af rie pétrd yescularizaian gan behssessed go glstarmare the efiget of
i njur {esulting frominterrupted or dimnished bl ood
‘gﬂbﬁ?%?oghd the tissue damage, especially the
i nf | AREBLLENrdIRID ARSEer @?&Q O @cqstestnt vERRSL Beld iSprddded a
circulation inischemc tissues. Conditions which may
rheshed of ddterorinisgeh effeetanirrefactor no vastldrsiehedaprent, growth and/or
copdi tion assgci.ated, for exanple, wth ocar di al .
TBRARFRSR pBiq BREPd seet by S EERu g boripE fetfpeenic
pré&HEr SHIRTI11tRE pldsBit! iHGnEn tth IS RlcRR! AnPddereRdE tanQiFfect of
i nvol vi ng endotﬁellal cell growth and proliferation,
thofactox anphieecedlft er coronary angi opl asty, stenting or
rel ated procedures, re-endgthelialization of. arteria
gr af {416 GHEHIGRRRS RioeFRior Sela e 4 GROrH R, Y Tegfiintlbetted of
iBhiBitink "o’ @RRre Gl AIng StaScld@t d&Blopmeht) 2ol & mbBfication. Such
conpl i'cati ons encountered using porcine progenitor
aggyo greatveld knowprin deugedeveRBphicot and reseasth, And megyl b employed to

2000;, 70:1232-3 th t hod f.t t
ERoRiEsTaHE e it BERaer e For M B ftinet.af piber, non-
Va5 ESHBEdsAds] Yr SMidnefivER! nldyerd UBIA tPHissteR n\éaélﬁkhlhﬂﬁtors of

conditions. Since it was obServed herein that the
vassidegeoesani clmprasdgenia enalje| dssessmenthofi effests iimbiting evascular

xposed to henat,opoi et.i c owt h. factors and cyt oki nes,
BAHRBEEAgoaav D aravep Al Plbingn s YeRoltEent pOGISE cols
sRoWECBE! Phvratlel BRL Hiofe bbx‘éﬁe@'alﬁf,' | optififal, 0UbE SvadkiuldhchBls and
3D-F, respectively), the vascul ogenic progenitor cells
apgiogenesisnviduy inoludesoptahigatidpeofimediuhmomporertts (sycloas growth or

N T TR A N
RNk ESHRE bRdific@age ¥ Mascut el Syhing 6Eind HelREtigated.

Indeed, while reducing the present invention to practice, the present inventors
found that incubation of vasculogenic progenitor cells of the present invention with
an angiogenesis-inhibiting anti VE-cad mAb prevented differentiation by hVEGF
(Figures 5SA-B). Similarly, a drug intended for treatment of early complications of

pregnancy could be screened for potential harmful effects on embryonic vascular
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conditions suitable for stinulating differentiation

into both endothelial and bl ood cells. Hematol ogi cal
walt@eassss or conditions that can be treated orPCT/IL2005/001050

prevented in this manner include congenital and

acqui red bl ood disorders, clotting disorders and

neopl astic di sease. One exafple of a clotting disorder

dswslopbére, byrexposiag rmsntulctgpntchprogmitmobe&ifs, teneoviee endrug and

i nvention js von WII nd'. s di sease, e .of

rHNGDAE Progulads o6 By Ber ARTelthege AT el b Birafids compygniy

udd e Headt Shifhhdy) Qfaétéi‘%ts‘ﬁrr'nulmtgl & WReHaatG hfifodeh&sehtd/or

Invention to practice, it was uncovered that

vdsdufepenesis at the vasmhmgeeimmbganﬁbt sq:itsecmar@obdsyassmw under sub-

nmet hods qf . t he ent inyention contain von

ORAIRD LORAHIONS ot CURBRRE oS UBSERSSS, i} (GERNE) Vasgpiggenesis and/or

aﬁgl detfslsi iBludehbmidas, sepaabhghdirk, ? S19SAED anGBbdiss, Qflemlcal
e present Invention, or conpositions théreof can be

cadllpbtnmdstaadé)dqlogma:ldgmtmg the clotting factor and

al |l evj the clotti defi ci dltlon
e SUOFGRAREGR ! PHRHSHATrE MERY FraSfAbBn) st ehincering,
tAASAMQAS afid 95%%@&&&9 th&8hy, SpenS® FHEADOPLL B@Jhe@elﬁycan
the nethods of The present Invention can be used
pooode de soaseulofir devatoporg @Bllnpvpulamnal hearingr uniyuer epm\dltyusly
oorl%H a}@?ul arl zed tissue. It will be appreciated
RCradHIStifst i nportant chal | enges facing the
fiel yofs Jléa?%”iﬁu&&@éd‘&%kdﬁ%lé 3 dhee @ﬁﬂx:;wéseseafdnf keséiBelow,
of tissue and organs prepared in vitro for
therpasenlogenio progeoitoatad, meMIOtlI afshe peasgmtrieemtiwg axbibiite cstive
have relied on mcro us supports and
RpalilEraian bk MKINE BIh RLS REEDHIS |p e 0T ifempeiPHiafiapy rendering
seaocald mnd aﬁ}]ﬁe tcraﬁ?ﬂ:ﬁé BF cQbre QIMIRMAN DB Wkbi&RLS ipo%&ﬂ?lde.
varying an npredi ctabl e results, especially
Enfogemous ipobyipeptidespkpnessed $is sueh a(@llgnulﬂurev@an)bea:etl surface markers,
ﬁncvyned One alternative ap fro ch sft he f%_ﬁ] hcatl on
cgH-surface. gntigens. pgIRENE {31085, | YaSBHOBRM MifRsiere ?fﬂ@}opmetlc
po n Y, daengpt H
fa@rol R bGP PR S PR AR e RS gt various
ré@ptddy, )ligahds, aeibadﬁesloapmlecaxtds emnyenes) mEpatly hmnmnck ambjimmune
nor mal devel opnent, endothelial cells have been
SYYEMARAEES with skin (Black AF et al Cell Biol Toxicol
1999;1k5: r6f i aknveRtion
Oral N eI RSB SolE G J85 B melbion) may be
manipidatad ao  egprews r dxoenmous mplmepwiesg by i isgoductiblovegve mucleotide
none have been successf uI i n E%g’l neerin

9 :fl abl {s
SFW%?‘IFW@‘W & EXPESPPYSRPIYReRlfie OF afierursoy lugh Wﬁ e ppegous
gEPﬁ‘&e ARG énogg 5 RBNPRRAEN hcidny SG&ic@Q canl IB@ ltankfrred to the

ded a t hod of vascul arizing a nmanmal i an ti ssue.
vﬁhcmlm@hh:opkogsnleﬂ fcelit efl tHeycubtoreaby |etegtrapqranpnﬂ atlcom ghosphate,
vasgul ogeni.c pro enltor cells .and cont the gells
R pPieshy ‘%’|r§‘§% or QHARH VIER 0g i mpic éa VS&P&BF Qi‘FbFneanS
whif fkﬁf)ﬁﬂtﬂoag)ﬁco%f erdfnli‘lg ylaﬁcllﬁl ﬁﬂefl‘tc pfe@&%]}'t @ﬁpr@%kdns of the
into endothelial and Smooth nuscle ce n one
qaogdneus edquenbas iseimtluciblee Gellsrakprassitg gwuexogsnaus polypeptide
en i neer ed, ul ar_ t.issue.

be screened am? 150 atedC by techniques well known in the art including, but not
limited to immunoblotting, immunofluorescence, ELISA and RT-PCR. Cells
expressing exogenous polypeptides can be harvested, expanded, differentiated and

used for, for example, repairing or augmenting a defect. In this manner, cells, tissues
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Exanpl es of such engineered tissue are nmasses of in

vitro prepared hepatocytes, epidermal and der nal
w@zlobs4o7pmncr eati ¢ and bone cells for inplant aRG@DIL2005/001050

Contacting the tissue with the differentiating

vascul ogeni c progenitor cells can be by coculture in

semisolid matrix or on a pofbus scaffoid, as is

ag omgand logn b grdepanedewigh ssegendus imgipu diskpapmmipatability entigens which

detailed h ' . [ t h | ianti ...
O R P ThE S G e T ot FRRCHieafFBh Fridgiton
deNg eyRedsingr HaRE&Blin®VastMlo¥dni@growh actors) 0ROk &dRpréssing growth

i npl anted "or existing tissue. In another preferred _
fastbo dé¢aeptors camdensalertdd and tculisigd, crsating enisunge mfcvasculogenic

tl for inmplantation int |t host. . .
oG leoRt Gerr i AR APl et Hrepyaion
fbise reducing the present invention to practice, it

was al so observed that the cells larger than 50 nm
r et ai hedvispulopenis ipregesisbre ctlisoisoktedpbo fthe metimdesefnthe present

TR R SAT B euPeltBEl, Pl BRSSP it SRS et
clﬁgagé? epdiditiaf 8pplicaBEHsahSudebINPARPRh@HYN (07 repHi S ddthadBd and

_ respectively). Thus, the present invention also _
ipehemii@ Essuas, meshidatization of pegenengting tisdve| dnd| enphrporaniregsnerative

ds f diff tiated E |1s.. Th t hod.j
e FRBYPELP U S AR P P PO RGO Bty e
the TTRBRRBAtalibA tﬁbb@ésélpgrd@hﬁf@dsgﬂ%ﬂ ahi BBad MfOischemic tissue after
vascul ogeni ¢ progenitor cells and isolating cells

implapgationhefi a80ltnendoGmtial triregenitbrsr (Kawvamete of ot had Circulation
|

ithel ial recursors, and their different ion into.
AR T2l el puReetifgionnty o EnthypT, pfoethitor
ohowRgd@kérhlcdcRalig i ih@iced REONASE Witd €/hangPZ QA8 NI t@Fc Res
cells,” with substitution of snoboth nuscle or
202103284 88).gr owmt h factors, such as PDGFBB, in place of
endot el i al or. vascul.ogeni ¢ growt h. f.actors. However .
Tt et ASSPTdiRG O Kel SRR ERPRT Sindhts RBOTH HYENQD there is

(16Viisd hagéhbd@f REIRVIHEEPhleVEantRBPAGAdHIaPdidehR SM&rdfRion in a
vascul ogeni c progenitor cells. "Adult vascul ar tissue

thamoehpr issbidctofThendethod| isakffentedl dpi admihistdringethesyasculogenic
di sti.ngui.shahle b ize, . morphol and cel |l markers,
pgggq;ggp?cegé_o?ﬂwé{rf%ﬁ?lgﬁgdtpﬁﬂgﬁpe@ﬁg irrent net hods for
the iNeihsdd 8P aBhikSeard e pRIgknitorP&Is ! the YRERNE hvention to
surface marker detection, i mmunofl|luorescence and fl ow

supjeotseparjiclsde hufman sekigats|iaclude uijéctie® anichpBuitdtamdofDBe cells

Act Physi ol .2001:173:151-57), ki h )
iAo BeoL b T Ayt the GETS Of e lyghat aeh bE asertsd gnto 2
RAVEBT Jevide! WHILE RUTRESSIBIBducESR YIS it SctRAdord ﬁﬁﬂ&'%tsniicﬁgtof the

Thus, it will be appreciated that the methods o
gstlegetet thensuipedtn nSuvhy ddJivenmdbdyesd inctudestibes, ee.gandatheters, for

.prepare cell rgm.yvascul ar .ti ssue, .as well. as from
Bisert celnend: QGSSER @ ooy of 4 SiBeal rupied” In' Brefered
SRRAhERNthe thN8 @8#bAAIB hdvB& WRERUE BT aldySRE tlb8gh which the
di ssoci ated by mechani cal, or enzymatic neans, such as

cetly pithe mvemtein eageleasrodiigpdsinicothe subjecbtad desredilrengion. The
;gggebrlllit%} Iceclps (%f thgzj iir?vsé?lﬁl)r? tcaer(lzi be ?rllsleééd %1?(9 s1t1c|?1_ea delivery device, e.g., a
syringe, in different forms. For example, the cells can be suspended in a solution or
embedded in a support matrix when contained in such a delivery device. As used

herein, the term "solution" includes a carrier or diluent in which the cells of the
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smal ler (smaller than 50 nm endothelial cells

i sol ated by size selection as detailed herein for the
woaeeusogeni ¢ progenitor cells. Simlarly, adub€T/IL2005/001050

epithelial cells can beisolated fromvascul ar tissue

by a simlar nethod, wherein the retained cell

popul ation (greater than 50 33m, rich in epithelial

inedntion r¢rsaio ofidbde t(bdmerAdnkﬂ diloemsd whisheen e uadi/withet@ie@Spect of

nd novel. feature e present vent.i
e FETREN G SPEPEAR o hife HREPHY ol by sabveats, andor

MR GAEAIR atrh@tis@éf shaecirﬁbﬂs%% AU AR @BknoWH i5Rh@4r8 The
not intended to be limting. Additionally, each of the
sobtioous peefbrablyreatie znddflaidpecthe exfent it pass syringability exists.

e a del.i neat ed ,her ei napove nd a

R A e LD DI A iy B U8 o AU, 1o and
éb‘ér\feglélggl%tnﬁhe OARRIBting XAV b EhiBRbARRER dush ﬁ?Wa&?t‘i’e?and

to the | owm ng exanpl es, which together with t
fangu\tbrodglsmeupe pf; fier, exiatriples parabenst ¢hdoohviancl pirenioh aacqnbin acid,

Imti f ner a t he nome cl at ur e used

e dpt) T SoBFRTS Py brintsDar 68 Bt PP b ingogeorating
p%é'é%ﬁ@lt célﬁvfé"aésgﬂbéd"ﬁéﬂéglemnﬁ’ lcgfiek R dilRbRCAHINIaE 3bquired, other
m cr obi ol ogi cal and reconbi nant DNA t echni ques uch’
ingredinnty lqasmalaEdtabover;tﬁ@ld\rgedéyrﬂlmredeslemlmatlhm literature.
See, aﬁIor exang I\/ble @r Cl oni ng:.. A | aba ator?/ b
Vanual*PPEEBRBIES el athic ich 8 gBJsCUOBRNE oRIOSBIR oEfSs oph be
1ﬁ@rg&94ear018'eﬁllb9&iéd \ﬂglddgel%aﬂrlcbi |w}ﬁ@}§lépce'r@c1ﬁent|540m;%ﬁble and
(1994); Ausubel et al Current Protocols in
vmibledcgrade Bitopwgylts wlmcttnaIWdoeiaamfdl ®oths recaalleml, n¥ateral and/or

19 Perhal , "A Practical. Gui.de t
SBRS BiP s bisg ot 9 | B, SRl eiges.  Natural
lflé&%@dablm&ﬁ&s ‘?ﬁcl@de $lasnﬁ9(99t§bé @aﬂérl@ﬁvf'rom §ﬁiaﬁﬁﬁeﬂf pdlymeric

Ameri can Books, Birren et al. (eds) "Gehone
séafécblgisl matrﬁgelam aioﬂagenl\/mmama¢esSerSﬁﬁhqtlcvbicxlegmdmle Qohtices

(ﬁ(gltfttqgcgbplgz&fcgssyg egé?)%%aﬁ%ﬁglf % yaﬁg%nc}qg,spo%ygﬁhoesters and

TR, e B e o

ovembedding cklld inGekHess mafriceE.are lathwr( Oh4 Jart. S&ue geﬁﬂ S. Pat No.

Pr ot ocol s i 0og I-111.Coli .
L ey 0t (ado Nt Shpod gt Thesernatrices i dfdenpinppit and
ﬂr%&’tm %he (B %he EdbdehB) celAR \‘?1(16’ r&né" a!r@rlﬁﬁ'efo'}\p rtﬁ@lﬂfeferred
(1994); and Shiigi (eds), "Sél ect ed Met hods
form (Dalwmblarthd Mamnh»gagy 'progk.mtbt cﬂtsemntradutedhnto thewecipient
Y&gk (1980); avail abl e i munoassays are extensively
SYRISESi bed in the patent and scientific literature,
see, mhiflerdtighm] &6 thé"mﬁolax'ﬁ@& va&'ﬁf%gerﬁc é&%ex%%’ceﬁs 858 imantion
3, 850, 7/52; 3,850,578;" 3,853,987, 3, 517; 3,879, 262;
rﬁay9®¢ ctifﬁtbtedsb)@:fﬁqtérmqu@mﬁﬁlg 633, ﬂxe9%¢cimamg4tlﬁﬁd, 07 May be
4,098, 876; .4,879,.219; 01 1,771 and 5,
inidpteg RYURTFABP ity ﬁ‘E‘H‘ggﬁ‘%“ Wi lineaggrspgei lce%ﬂo“’%‘l@%%& Thus,
fof\lh'%l%le @ﬁb&s chﬁx‘lﬁﬂ fRbhQRtion B 8RootR micle 84 bENQGHelSwith
. Transcri ption and Transl ation’
cleltisrbsvm@bedn qxpamdl thi R} B B5 to dchievedspop(ulB®a)enricked imesimooth
Cel| Culture" Freshney, R [|., ed.

muscle precursors.
Vascular disease and conditions that can be treated with the methods of the
present invention include congenital and acquired vascular disorders and

ischemia/reperfusion injury. As used herein, the term “congenital vascular disorders”
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(1986); "Immobilized Cells and Enzynes" |IRL Press,

(1986); "A Practical Guide to Ml ecular d oning"
wazbaso7sB., (1984) and "Met hods in Enzynol ogyPCivil2005/001050

1- 317, Academ c Press; "PCR Protocols: A Guide To

Met hods And Applications”, Academ c Press, San Diego,

CA (1990); Marshak et al., st 1 at egies for Protein

refapsi f0 vasduba diserdelisaestingr ifreat ibinth, - ingludéigo batho hgreditary and

Cour se nuyal " CSHL Pr.ess (1996).. all,, of which are ..
Rt Gy, hel Rty Bl fobglief disorders
chafi® Mfer@iMeindaMap 3kcon@hgRBGAS MiRfcRa¥hdeTsystemic or other

t hroughout this docunment. The procedures therein are

disepseevedh avthsemigeovasiianpathelogihe ofidiabaies afschpmisreprréision
.f.or .t he conveni ence of the readgr. .Unl ot hgr wi.

g s 9 6eTt s, Qi oLt iy e B or lipiished blood
s dnd NRY Bssub damage eEﬁ_ﬁ:@ﬂtﬂlz Ghe ARy YespBAR! 8s66i8teldYvith

one of ordinary skill in the art to which this
reestabhishiemcinpilasiondn issherigiigbueset hods and materi al s

siml r Rk equh.v | ent &)g zho e des ritbeeag h reiﬁ]({:ari]scggmic
used TORUIRES VAR BRY o PR ITRE SPCR NEPAIPEle e ude
cbiiohd @Bsoctiid, FBt exdBPIBOWEh ahgbcaRLAl bai® ofperipheral vascular
descri bed bel ow. Materials and Methods Cell Culi-)ture .
isghetnia).c wonnd chealing. htismn geBlingofinduding nirgrisplBnt)cand sonditions

. .2, H13 ' td vat ed b [
LR T e R R e e S e o
adtioplagty, Rlefling? 8P @¢latdd Prockdired Bie-eridothRAizafion kof GiHeribVEMEts,

nmedi uméno pyruvate, high glucose fornmulation; Life
amé endrdhaligl regeneyation iR shungs, eghinytend] glialigdy patients. In view of

upplepented with 20% FBS G one, Logan, Ut ah, .USA
o BplTRBS) b it e Minep R Benghly i Amates
(BMAIBE 1 C @ptapetrhmipRintatidA R0, NOIESeN! i ik @etho@ d€itHe present
stock (Life Technologies Inc., Rockville, MD, USA

ipvestion| Whiche¢an bemppletl to dwmahestémechdls, hepy egpecigllnguited for
tEDTA gn}\/l SE gl e[’rent e t.Wi th 1% fetal bovine serum (FBS;
ﬁgﬁt&e [ Ssr?}lalr_f%%,l 1(@§A) and di spersed to

si nglsgnceeit [wwasUsisBired HERIMMMATRES vaiduRiglRic ArBE&HiQR cells of the
Di cki nson and Co, Di scovery Labware, Bedford, MNA

ingAjiolsowhel fxkposedttp shenmtopoistisi gromitle factersetndneokinesylcan be

N e GRS L Ll S N
28eMpddIOF RApécBiveRR t@"%&ﬁl@?gxﬁ@ progehitdr el ofMie ildeMNion can
6-wel | dishes at a concentration ofg 5X104 cells/cn2,

alse b fifedr fonttreating or raelicnting enkensatolngicalf dia¢asear vBmlition in a

nedi Lm (L] fet Technol ogi es Inc., Rockville, NMD, USA)
“%%‘BBFME&'Wth 10% FBS (HyCl one, Logan, UT, USA)

and Qubhivehni¥nt CaanRedfiaralby(@dhdifisttAnE ARl RUL 8o hRGbject under
Rockville, MD, USA). On day 6 of culfure cells were

cppditiensesuitahleo fay rstisnuigingndiffessntistiomainie rbogiBendashelial and blood
c%sgkggﬁgglo%qgal %‘i)s’eas%is of %gr?c{igoanat?l\é\@cra%’ beBterthgJ gx’ pr'é:/\}%‘:ntelgi‘S ﬁ) this
manner include congenital and acquired blood disorders, clotting disorders and
neoplastic disease.

One example of a clotting disorder suitable for treatment by the method of the
present invention is von Willebrand’s disease, a type of hemophilia caused by
deficiency in the endothelial von Willebrand clotting factor. While reducing the

present invention to practice, it was uncovered that differentiated endothelial cells



10

15

20

25

30

anal yzed or recultured for further differentiation.

For reculture, the strained cells were seeded at
wR2mxassel | s/cn2 on type |1V coll agen coat ed Bi'BE805/001050

(Benton Dickinson and Co, San Jose, CA, USA) in

differentiati on nedi um (see above) w th hVEGF165

50ng/ M or hPDGF-BB | Ong/ m 3 both from R&D Syst ens

prepered Mbyn theeapettiogls dfNhe B#gent orventionadeniteinoyad Wiflelrand factor

ays. | age | .and trigel 3-D vasgul.arizati.on
(635 SRebBR AT d i rroRbel el %IRRT poZUER cols of
tlfeeblle§erﬁ Uh{ehtiSH, f)PEorﬁpE(QWo%s'tHer%ff & Ee"bdhﬁimﬁé}eﬂm HiRing the
were harvested with and 0.3-0.5X1L 06 cells
clgtingfactoe amed altwwbmgelmt: ¢1ntt1dgﬂéﬁ¢lercb’l ation madl um
cont inig 50ng/.M VEGF 65 and  hPDG-- BB g /m on ) .
unco ‘glé’flr?o thes AR ementionsd fhsraPFiify, 2pR fcé‘ ong, Syaj@y'geenic
chgenmeﬂy WoPfie2shdiRUpated By HHRIHGRoRIFTRIBlLR 1nv%ﬁﬁoﬂ &ﬁl be

[ agen gel assay, aggregates were resuspended in

uskkd foe pmvtdeatrasouianwdloumfam -vdsg@ar, wrtlhhqmtlysmculyun@cmlﬁrlzed

| |1 I Hof f La ,Rac d
tisfice 1t vafibe direnintgd diehBer af (17 moBOTHRORGR SIS e the
ﬂé’ﬁﬁofptllﬁh@gn%ﬂgere?ql welHe d&b&ﬁh@é}éerﬂﬁ&lrb%u@&ﬂ (‘!\ggnst%epaé?d in

pol ynmeri ze mn at 370 bef ore addin ‘
viird fer emlardation Feddaten muﬁ@amnngﬂemnghmtlheds haree relied on

%ﬁ%\/\ﬁhfactors r th Mat.rig assa 24-wel I. . di shes
e R e Ly T e
eg%kqftﬁ‘l@nt R0 dRaser GF oK aJnHCHQ@feﬁQ 391&5” Parfing3 48E often

aggregates were seeded on the matrigel in
udprefletaohdt |raetultsn emm;tlahlm Mnteanhmlng corvpler (i50eay/(cig livend are
hPDG-- BB 10n as agareqgat es,, .
PRI UA AN BRI 1 BB Bpation P aRi iR iBagngts in
sfon %2%131%%Ch1%g, f@%pulh{&ygﬁﬁiﬁ@df}ﬁpatg&ﬁ dhd@hdSh&6al cells
and then added to the wells with differéntiation
imitirel (K eibataaB rat ey TisdaGRE(S00E);6:103-0An d In RDGEeBBpHro@igmore
Far_.all assays,, cells re J ted, for 7-
cltety e RangSad dexeingmenn ercieinh B Thie PeQLesputired with
sk CBMRYSAIORE 41&&d11 8381 #BﬁhcolF@@b%%l%'d} a@@%&f (ﬁréhch B et al Int

vascul ari zation LF120 5 al ginaté scaffold (Shapiro
JIOmh MaRdhdac SurgERQmaOeﬂﬂﬁaZ(B cw@w progide 58®)SCM@Sndtwndd fpr the
provi ded by F;gocr)f Srmdar Ben ngrl,g?n Uni versity
sERnE Sy, FGvRYey, D Figgrsuial Inpenelnoeing | Hiable,

,\p{?fagtagpee\gggﬂgﬁgeh tl%gluetgour oI d ESH cel | aggregates
epared as descri bed herei nabove; approxi mately

O 5- Ths Xc@rdoel tbs finther aspexd eﬂtlpqlresnamfvmtdm, ﬂHﬁtee is provided

cel tainin scaffold were t Iture ..
anethed By a e e banshnd B miethon 15 Hedthy by ebigining

20 Ong/

%&“%;%‘. 88 ViscllbidBrodeRiiR! AR Bhd 3",;;’?9"82% n“?? s ith

namiselénh tigyué iuntderatomdtiodEGRitahie forediffeiitiatashoESld Getulegenic

FERHRIL o0 ration e Bheie oA T FESH B HEs (RepHoEeafered
e%tdfﬁéilﬁ,athe PlafiiAah tissue is an engineered, non-vascular tissue.

Examples of such engineered tissue are masses of in vitro prepared
hepatocytes, epidermal and dermal cells, pancreatic and bone cells for implantation.
Contacting the tissue with the differentiating vasculogenic progenitor cells can be by
coculture in semisolid matrix or on a porous scaffold, as is commonly used in

engineered tissue architecture, as detailed hereinabove. Contacting the mammalian
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Technol ogi es, Vancouver BC) (for details of the assay,
see Kaufman DS et al, PNAS 200 1;98: 107 16-21). After

wd doodayssi ncubati on, the plates were scored foPCT/IL2005/001050

col onyformng units (CFU), according to standard
criteria [Eaves C and Lanbie, K Atlas of Human

Hemat opoi eti ¢ Col oni es (199%% StenCel | Technol ogi es,
tigsuecounter perfd@ined hmmruwwtlar ti u@la@atlommtim@ knstiom@anism, or in

SVEUBER | brPARr O odTpRIRRIFS P BN eioaF g ARBTER, peferred
e%oﬁlmen‘@tthéﬁiéhﬁnalm tlsﬁ@% ah RmBRRBRNEkEe, W;fa?erdeigr ﬁﬁ‘ﬁlhﬁlﬁtlon

PBS) (Life Technol ogies Inc., "Rockville, M,
1&0 adith hast orgegumn, @mﬁ@nalpianmnomané grondh las nngembm PBS

i th VBTG Galieinh PSR PO oS BB 4 7158 QAR KRRt the
c@ﬁ@Qrg%‘ A 1A %tall}ﬂe@ B AR JeSseld¥on @})f tw&%n@%ﬂhodolo gy

CD31, nouse anti hSMA, nouse anti oni n, nouse
campnrlsh aSpopalatieru mhehqquus |smohtlavlwsclhacqils( pletursosmeRpIEBing

bRty 1S paih i1 TR pBE AT Y| EEuresa g and 16,

rgﬁégtwe%. USA), (DAKO Corp, Carpenteria, CA USA),
mouse dnti Smoothelin (CHEM CON, Intn'l, Inc. . o
Teni edwbathe@rescoS)ven@onalsol Bovdesa snatioddf pedpagng epithelial

[ bat th d ti hodi I . .

RS TR 2 58 R0 i sl

th'é' DN fr R RSE PG € cdlisC RS & ORMnkdy Eéﬁf@écb‘fe Qo | Gﬁfer&ﬁ’latlon into
Hanburg, GtH). For uptake of Dill -1 abel ed

\aseulcigﬁmccprbgmted celBHhmckisblsting celsi largeb dtaebOnitmh Conditions for

Oﬁgr/en(}f @%%ﬁ%@%%r?&rs%&h% 8‘&: %rghtga?{?&-ggt%gnm% a}g%scle cells,
Vl/é?@ léﬁ@sttérﬁﬁlly Ghils fﬁefh%sé"@étgﬁéji RerbinR$ (M4 thscE%%emE'ﬁf@&:mtor

% par af or mal dehyde for 30 m nutes, exam ned
cpﬂsgtwagr sbbtitdtions bhgmaoth Inutsclesn eplttherhlabgmszdofaeto@sjsydpassl)DGF-

t t Hamb U t
Hingace et aIl  raraos Rty g Bb aciory o loBRidh ot Hoted
tHa?t' e dikeIsy a?xﬁaén%(fﬂlg rihele( Zé{HElgd@%KbS p}dﬁ?eratw%ob'éﬂécﬁa%f the

Franci sco, CA, USA) in-situ, according t
smatlaf, aaicutogemmpn%mﬂmtqeﬂms Briefly, Br dU sol uti on was

diluted 1:100.in .culture ne m and .add to, the cells

over it VARSI olisHeny CHBPRISE RhURTRT A P Cells

dzélﬁgﬁfsﬂe?di‘glbyaﬁgeSﬁﬁ)%}fdlé‘gprBﬁmJ cIMUAREL2101 W& as location and
I mminophenot'ype Ce e characteri zed usi ng

funetionof Cuoemsmethods $erathaiingatas pf ewdcolas logll desasrielyedpon cell
é ub| n ff BE et al t Biotech 2001; 19: gi 34%. 1
FP%WF‘?F °f dqteqtionsimynpnatiugresegiics and Hoysytomely (peey fagxample,

I@e%lld%%}?fah@eﬁulﬂ?@vﬁc Rl Phi§61e8Edrat DO ; F‘deiﬂﬂsf)a'xﬁehéng the
VEM 10% FBS and 0.1 b- nercapt oet hanol ) on type’ |

mcpaka@emfmmtld& ¢afhl|s foP eRterinvemtagion fang qgualinzary caktmamdlbktmme

b e ca R (it SIS SPHBRATER b Qe Rt te present
1§@é?1tt1@n HdyZve ErployEdAb s aftllplepare cells from vascular tissue, as well
as from undifferentiated stem cells. In a preferred embodiment, the cells of the
vascular tissue are dissociated by mechanical, or enzymatic means, such as trypsin or
collagenase digestion, to obtain a mixed population of dissociated cells, and the
smaller (smaller than 50 um) endothelial cells isolated by size selection as detailed

herein for the vasculogenic progenitor cells. Similarly, adult epithelial cells can be
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human KDR (R&D Systens Inc, M nneapolis, M\, USA). At
| east one hundred and fifty cells were scored within

wo 26040783 el ds (XI OQO) for the expression of eawtr/mf2005/001050
these markers, and experinments were repeated at | east
three tinmes. Hi stol onorphol éﬁﬁy and | mmunohi st ochemi cal
anal ysis Matrigel or collag gel containing cells (as
igtdated i foemf vasculae tBotd dyen gahlaandethbd r Mgljleteirs-tﬁb retained cell

vascul ari zati er ei nabov ted as
RiBuehpp b Shen)gichos oo Sisps cldiedy“her
di shes. Upon conpl eti on of treatnents t he

cel l contai ni ng gel bl ocks on cover slips were fixed in
10% nrfedditialal -objetfse ndxdinfagesymind movelefeatirest efitherpresent invention

uat ed al cohol bat 0%. and enbedded .i
“%Qa‘éﬂ“ﬂnﬁ apﬂﬂ@%“’u%‘&d"%{“ﬁ& %Rk lﬁ(ge% t%f‘carﬁftwpwxmr%ﬂon of the
fgne;»e %De%%ﬂgiay dyate qrel ot Gitatéatis de ahfighe! Ad('ﬁﬂBneQS/n edchlof the

hi st o 'ogy, 1-8 nmm sections were Stalned
vagres embodimento sind aspectsalfithel pleeerin linventiOe paddfrfeatnd ;hentmabove

sections nost ai ned e rel evant pr| mar
anfit 3 Sl naé’(na AR ESECRRn | mgf’ TBREFRgh support fh the

fg?ﬁl&\pﬁgteggmﬁl%% USA) or Cell and Ti ssue staining kit
R&D Systens I nc, Mnneapolis, M\, USA) according to

rmnuf acturers instructions. Stained sections were

vi ewed and phot ogr aphed _qd ically at X100- X400
magni fi cati on. FACSAnal yw@iﬁexpr essing the
endotiigdikbile RMMRIIEMHalOH ﬂﬁr%ﬂf)%m\éEQ:aﬁﬂ)l&chh%get}(é‘:@gh the

were detected and quantified fromthe t
a&bozedaelppmms,eldiuktmﬁle B8/embh 1rpanpam hmumgsfaﬂﬁdner

f:io: | S5ty U SO aTan e bin Paes ity peggedures

hlz&Efnecqe bk 11’{%5301’{\@1%[11%@ nidleduBy, ﬁ@éﬁeﬂh&u nﬁn@r&n%%%wal and

I ncubated w t h human VE-Cadherin {(Santa Cr
rBiamtEndm dDN4ytechmques. Sduntha t&hmzqueCAre Uﬁm)ughrb)r ckplamed in the

lg?fat%c X %EigséplknW%yfﬂne Oginisfé 1@"@% %ﬁ%ﬁ’g?@érook et
a@eyk YR RRNA b EREIsYR M&eauﬁ%%éf%gx W[ungéqrﬁloﬁusubel R M,

i nson and Co, San Jose wth CELL
eslo€ 994); A ustibel leoalh "EssentProwedls $n h@mm Bumlogy"'s :kdmnWﬂey and

4y gigigti;g%regg{dgry;grvglgmgi %gnt O’G/E Bgcgc gglléiﬁ é(HMolecular

d}ﬁﬁﬁ i1 380 Waley MR ESERYUN Y3 Q'l@‘ét}?f Weﬁﬁﬂb’ Qteal ' ""R&oﬁMnant

sodi um cacodyl ate and then post-fixed in 1% Gs
DAY SdientidiceAmergcab Bdoks, Nov Yorlhdirren E’Waﬂp(adat"ﬁenorhe Analysis:

43&1@«%%&%&%%%%?&%8%" o Toh Db SpBres T e Labarin, Pioge. New
T4R @g@a%é\ﬁ&io hesCRNE & Mforthidh f@s, IPaf. 3@{;} 4366668;283’4 O?‘shezoz
cel |

fe stained wth leadcitrate ydrate
48etbde d,192,&0and 5272, OSec’tGe(blnﬁwiBgya AufLabdratary Handbook",

%h&ggfiﬁﬁ@&??ﬁ ucgl(?%,l anDn okcgcloflse in I?ﬁ(rgmloqggy" %Poqumes
[-IIT Coligan J. E., ed. (1994); Stites et al. (eds), "Basic and Clinical Inmunology™"
(8th Edition), Appleton & Lange, Norwalk, CT (1994); Mishell and Shiigi (eds),
"Selected Methods in Cellular Immunology", W. H. Freeman and Co., New York
(1980); available immunoassays are extensively described in the patent and scientific
literature, see, for example, U.S. Pat. Nos. 3,791,932; 3,839,153; 3,850,752;
3,850,578; 3,853,987, 3,867,517; 3,879,262; 3,901,654, 3,935,074; 3,984,533,



el ectron m croscope. Reverse Transcription (RT)-PCR

anal ysis Total RNA was extracted from progenitors and
wal2dobesiapt | i neage cells using Tri Reagent PCT/IL2005/001050

(Sigma-Aldrich Corp., St Louis, MO USA) according to

the manufacturer's instructions. Total RNA was

quantified by UV spectrophotbretry, and 1 ng was used

36,344 h F034CHp| 4,08V was4 88%etse 6:04h3@ti band wWiSt281,521;

1g016§%ot1§ﬁ %ym egig'S ?&%3 }\ﬁ n%f é?%%o“ (ggled}%@ cI-II)%rlIAizatlon

HasHssBD,, Whd Hk%ﬂRs @CJCQ:GQ'('PQSSI O TraRNeHBGHART Translation” Hames,
i nstructions |f|cat|on of the sel ected

B. r@mod.}g;ggmwa& Tdoevls. i98K); BADTIG CetyCubiite’PhteyhreyaBe L., ed.

(o TR SR IRy, GRS B Rbe o

M&%&Jlb&céldﬁﬂ%g BibaiORE (G96H SanlU MethsRNGERS ZyatdI Q" Vol 1 317
nor mal Was cal i'brated (indicatéd be

Ae;raémne sPeems, deéIRt |Hrewca,le esGitle To MathoBT - 2GR AB}SIBD?-QOHS"

m*cn‘grets%o%aélp I1]egtoh 3&}? S(I]é%)‘([) S/Zq{g'@io?t fp'rSJ,trreTl?erg?esV\P()? Protein

P%?fﬁt:btfdnc ahd tharéd?er?zqﬁ'bﬁ' OR, Lﬁﬁéra@%@ﬁﬁél FAnWA" €CSHL Press
adjusted to yield equal anplification of the

(b edbehivhghgen mo(mdémﬂe(hby safetiencecasnidiifult sot dentldher®@R Other

SEGRL FPRSFS o ProgHe oAU G P WRerta TP oR S therein
AObARVEEt PV wefl kn()@')l i? 4RG 2d 20 p?@v‘ided( fat tlﬁ:r}!b%%ﬂl&gze of the

tenperature (Ta, noted bel ow) for sec; and (c)
rémier.30 sec, concluding with a f| naI 7 m n extensi on at

720 bbbt b MO RPSE R S e hve
tht §5m@|meah % achomlg@ﬁw Qindér=toRd - b)@l‘fé)bf ))rdlﬁ? IR 1n2fi15)art to

cal poni n, cycles, Ta 60 0C (Yamamnura al .
Vﬂhlch&m:mNer(ti%mdﬁbl@gso Wlthmggememds adbinateSmisvH@ lar or equlvalent
35 S, I rehamet a

e es@sﬂ}hif’c g‘Freﬁbﬁin bel‘é‘-&?‘?igls‘?ﬁ’ézlira“%lz%tes‘o’%%ﬂll thg present
J\‘?enﬁgn Qrithpf@ Md@ andinfaferi@ls-ard dscrided befgpcer (Pred.

Oncol .) 1998; 79: 245): cal desnon, 35cycles, Ta 60 0C
(DuleatprzﬂsamiMethpdsO rc Res. 1997;80: 159); GATA2,
SSCy%e? la 55 0C (Kaufman DS et al PNAS 2001,

98: 1 ’?5 €133, 32cycles, Ta 60 OC (Shanblott M et

al,
( A m%fé?&%ﬁtﬁ%%ﬁ%ﬁ)remgg%&i@o stgiﬁ ‘(HE%)%HCEI:? QOHQ?yvgerg grown

Oﬁam&m\@ted(r@merﬁmybry@netfeedbr hb'cre@rlEF)raﬁr piekbiousssleBirthed (Amlt

¢ ool e odlon #2121 8 WP BoRbancDMEY BRfiyR" o
p(&Mv%{%?\Hl%hZ ey folnflath; Vit Mngc%fés 8n88)Rockville, Maryland

i gonucl eotide Primers: For th reacti ons the

WA swriemepedi witle 20% daitidHa6lange ImgamseUit,amveﬁ'J‘éAMSeld serum
%@%cemengaand st(S‘FA Wﬁ??%mm G%?AG?/I erg:aspl%(()%thalmlgl, al\rlg 1%

nonessential amino acid stock (Llfe Technologies Inc., Rockville, MD, USA). hES
cells were removed from the feeder layer using EDTA 5mM supplemented with 1%
fetal bovine serum (FBS; HyClone, Logan, Utah, USA) and dispersed to single-cells
using a 40 pm mesh strainer (Benton, Dickinson and Co, Discovery Labware,

Bedford, MA, USA).
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(sense) and 5 GIGATCTCCTTCTGCATTCGGT 3' (SEQ ID. NO

2) (antisense). The predicted size of band is 965 base
w@206840760) Cal poni n: 5 GAGIGI GCAGACGGAACT TCAEIAI2005/001050

(SEQ ID. NO 3) (sense) and 5° GICTGIGCCCAACTTGGEEGTC

3" (SEQ ID. NG 4) (antlsense) The predicted size of

band is 671 base pairs; (c)?4SM MC 5

CtT AO&@G&@M&'MW@@@tec( BES)singiy calle wék platetl Bn type IV

COUFa-0200A 5D BEFED kL o5 e 08 ) URR) p5g.1% seain-

codRl Sﬁ%ﬂﬁ@hen{l@a‘-} @L%CtSt\L%h}é M-'('j1 @JSW)%d‘év@l'l 8Rh& £ Rhcd@aflon of
is 1 base pairs;

GIGTAGT dlﬂkaAfﬁ(i@i med(L&‘E@ndlmngI@alﬁh)a(MEM e)edamd (Life

T%amq %@%ﬁTWﬁmﬁé. yEPBRCRE Vil 1 0BRFBS (HyClone,
PSSR T AR e
MD, US@&). Oo)daycoof eslpoadeigwer hitabe tiroegsa 294ing seash ejrainer
Pl B RbnSHSEL: HPRES 1afStker Pl A A PAS ver

aﬁ%ﬁ@iﬁ[ E@E@pﬁﬁtﬁér dh%@’ltldtl@ﬂ NQr rl:éﬁlttfr@ s RiraRBd cells
5" "TGACTTCTCCT GCAT

Wt sesdas @) .2.5M0k) meékd/lcotz edn siylzee I‘Mf cddmdn [ ®a®(12dilshs§e (Benton

Rekingen WL CHS lonts G BT TRRRHEFol eoiims 55 Gy wit

R %)g/nélaraﬁl( ﬁI)SDE}@BBT'I@ngﬁﬁd(&M?dfr&hZ ®OD BREME Sinc,

200 base pairs;

MWT?WW@B@I@IZBE@ ID. NO 15)

sens and 5' GGTCCAGGATG 3 SEQ.

( V\@” g6’y gf’dﬁ’l"%@ﬁégé B Y52z e of(band is
512 @e?@repﬁirées dnﬁéﬂsu‘ﬁ@ig]eultﬁre DA ALRLEA 0B 6 days in
(SEQ 1D. 17) (sense) and 5' GGAGCCTTCCGTTCTAGA

CBfferesmcnlrﬁkdlmwe:t@mar&md with E@TA (Iﬂml\@raemOd-@dEDz@lls per

Rl AP P CHepengaliori spediyiey Cinin) SYnglls YEGEygs and

@D@@@TE@%%%%E@ };Jétrl ((§§Qs (EB SMerzﬂl}iustrles Israel) for

(antisense). The predicted size of band is 331 base
rpaumsm ¢34 IBAPDH InBuceAERGRBAMCCETCAGACKREn el (SEQagpgates

VBRSPS 5ok QU frdey oo s B 86N S8 LA A of

é@a?ll &ﬁ[%%expﬂ img %&?%fﬁnd@@é RbERT @NHaden 9 vilRRALd) Ofnitially,

Human Vascu ogeni CProgeni tor Cellsfr om Human
250 pl of this mixture was plated in 24-well dishes, which was allowed to polymerize

for 15 min at 37°C, before adding 500 pl of differentiation medium supplemented
with the same growth factors. For the Matrigel assay, 24-well dishes were coated
with 380 pl of Matrigel (Becton Dickinson and Co, San Jose, CA, USA), incubated
30 min at 37°C, and aggregates were seeded on the matrigel in differentiation
medium containing hVEGF (50ng/ ml) and hPDGF-BB (10ng/ ml). In some assays,
aggregates were resuspended within the Matrigel (Becton Dickinson and Co, San
Jose, CA, USA), incubated for 30 min at 37°C, and then added to the wells with
differentiation medium containing hVEGF (50ng /ml) and hPDGF-BB (10ng /ml).
For all assays, cells were incubated for 7-12 days and analyzed using contrast-phase

microscope (Olympus Optical Co Ltd, Hamburg GmbH).
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Stem Cel |l s Despite the overwhel m ng i nportance of
human stem cell technology to research and nedici ne,

wappbhaasi on of di scoveries nade in research VWaHIL2005/001050

non- human species to human stemcells has been

pai nstakingly difficult, requiring great ingenuity and
much effort. Wiile nurine ehlbryonic stemcell (nES)

| i nesscaffeld vasaulprizationet ai n their pluripotency in

it & apg P L et SRS St BROLPRaE Fhpiygieriets 1997:15:

s8R ade riiRdly r6viasd %geﬂ’lﬂerﬂxa{dﬁfeMen i(Bet iGuirfon University, Beer
differentiation in human and other prinmate ES cell
Shebredsraely Aedescohed abaver ihe senffn)ds wersrseedederidy24 hour old ESH

i sorgani zation, and l.ack, of. nchrony,. obyi at.i
o1 SRR EERt Prehator of Ber BE b binBED AAsimplYy Bt T x10° s
vR¥@BbRd %é}ogmﬁem. eltheal:el%rftaifﬁ‘ﬁ? seawoRs Olverk98n cultured in
38:133-165). In pursuing the isolation of vascul ogenic

dpfifeygriaition mesiéuth sirpplampuieé vitngingonl ¥ E&ifem apdl 10ag/ml hPDGF-
é;ﬁ]i tial human ES nesodernmal differentiation was
‘tenpted in a novel two dinensional (2D) rather than

t he m,ﬁﬁ,épdimb@nﬁhsga}m nodel comonly used in the
art, based upon the observation that the 3D enbryoid

body Hempalenoigtis pregemtor capabilits gvasodemensyated thynseeding filtrated,

| i ff i ati Ni_shi 5 5 | .
SRS, bl . o (MBS ol o g,

sERROHE hédis tsappleMbhted i Wigh ?dgtoi’(irﬁ@qmthé’cuﬁet}l?%? medig; StemCell
Tqrovvn as previously described (Amt Met al Dev Biol
2

comlogies, ¥ancogyr BEp tfov detaily ofnne aesdirsee KpufmamidS st aly BYAS

01 P8R 2 oRRE A R B GEIRT B PR PR oDkl

f&@ﬁngﬁnﬁsﬁ GRU) Y@oRshg tdstandafd critbria [Yedves € aA8QQmbie, K Atlas of
408: 92) revi ous experience with nmurine stemcells

Husetinckieraetopaietic Splenies ( 1998|Steryeeld Taghnolngiesny argouyer, BS].

crucial for.i.nducti,o ot ial.d fferentiation.

Conod Bmirstoipi Dok EBE Gl inorgo gl o o0

cel | cumneantdlRBtwas fidedl i@ duCly) irehibatiod) witk s19h efhforthaldehyde
cell death. Therefore, several cell-seedin

(Sigmeehldrigh Cong ., Helauis, MEstSgairphosghalel bhﬁellgeﬁ saling| (PBSHtLife

i gher . i ' f
DA TR TR AP 10 o8 O e At

WA3RABRSWith EPBS My RA wea Wlaated Orccofdik db f fuppkeit | in§tadtions with
differentiating cells (data not showed). Surprisingly,
releeaiit pgmee| andibadies:ogpat gntd dumaaiilyh (R&D Sptexpsdac, Minneapolis,

I m.2). . on_t LV _col |l agen strate pr t ed
MR AT iohe Bt AR nfllid BT SRR ool BERbSHn, mouse

apeMUSMbbtanbusele ®9bdin hyPgschain @Urfeorh B)AKO GorgNChipedetia, CA,
&)r oportion of the cell population conprisedsnaller

, P :
4k geatl andi hyman VErGadherie |(Santa &gunBiotehnelogss el iSanta Cruz,

0 ({0 | 0 Fi gure , I, OWS revi.ousl .
GA IR, PR ON R Colhirtetlal G F5ATS Moyt S Sipdpthetin
(COMDIICENS: '], WY, | Berh&tRild, ORI NISA). WeCBntkdls GdnbikRH of cells

cells with obvious fibrous structure (Figure IB,
ingubaigh exitls yecondary paghodies alenpadmimampsiaineduguléusks were examined
ahd p;lillllo%gjrgp Rd %nglgi ﬁgcl)rggc%néehernf%mrr%!:ép%r ’(OpyLrjan)Elllg Optical Co, Ltd.
Hamburg, GmbH).
For uptake of Dill-labeled ac-LDL, cultured ESH cells were incubated with

10pg/ml Dill-labeled ac-LDL (Biomedical Technologies Inc., Stoughton, MA, USA)
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vascul ogenic cell progenitors, the cells were filtered
through a 40 nmm strainer, segregating the

weoendasi al -1i ke cells fromthe large flat cebdBIL20&/001050
eval uate the proportion of endothelial progenitors in
the cultures, the filtered cell popul ations mere
characteri zed by detection ®f specific cell-type
foradlk et 37°CasFoll@ving ustupatiers cellh edrd washedrd tiowes vgtht PBS, ﬁxed

ol 1% PraliimaBrdscRE: S G iR RE e S b phomppfed tsing o
ﬂjcl&?é@aent Fliérb§® %@ ?Ofy?dﬂu§ O%Eﬁ ¥, 2k E Hanlbuw¥& GmBA

anal yzed i mmunol ogi cal for the expression o? human
vasc iHrdl mmipd)ﬂaebm al ESthnltwb& and dl&‘cmptlmngzce(lME%Rﬁgamined

R APR HAER AAFBRLANE INeoiSE A IGRSBRH o b An-Sit

a@&)‘?&ﬁ@ I ﬂ{angﬁt\éﬁllré}@ mgsﬂ{lct(d}'ls SBh&@"@Br@U Lsollﬁfona‘l/as diluted 1:100 in
Devel opnent 1998; 125: nexpect edly, when the

celtypeansdiom afd adlrtesletonﬁnnk@ils qvnrmg’m fo/lkwpdpinm o m washes,
uanti f by. i det s op. and FACS .anal ysi s
gLk 7 %sian”g”%ff P cCARU BROp AL ¢ he

smal Ilﬁ;mu,g@ -li ke cells were found to express
9

VE-cad (7 ure 1C) and a snmaller portion _
expr e@dtsdwwécﬂﬁzac(eze% uking un&nmﬂuomw lsirgnglab @reviously

f I I f vk d
bt LS et Pl eh St Fo A cabbl Ty e
EXH ‘Eé‘l‘I’s Mtd RedMuleh] QéJ dBseribkt BhoveSiif mlffb&ﬁﬁétldﬁ Hl%@ﬁine(alpha
expression of VE-cad was detected (9 209 ,

MEMelly)‘VdEBStanldtmé f-oerchptoethasd e on tymt Iéhsollqgem kp@ew@d 12 20

when .V ressed at.the. cel |

O HE ) ssaye ARSNBRoooD af e e gr 4 HEser i ant fuiman

\ﬁiﬁ@%&lﬁérﬁs (Sa'ﬁ?ﬂ @?ﬁﬁ@ﬁ@éﬂn@ﬁgy VEicC agarfX 163, SCR” @SA)5 and anti
| s/ cn2.” When furthef characterized by

hamah |I¢IDR&R&®Syﬁ°terﬁ8\lIﬂo,c Meneapali, VBV, ESA).i Addease Iohshumir@i and

s a9erE epred e Paornatis R0 T e s pregsion of eich of

ﬂ%@@l Q{aheéré %hé %@ﬁ%@sewé& TerRhed %metaarth&@ litnegar ker s

( Pei chev, al ., Blood 0; 95:952 and Kaufman DS

et alemmawg@&nﬂamont@mmzm arkilpsiy at ed) .

RT-P rom undi f f.er ent ed hu sfe ells

(i Rt o colgeeh gl Cndiing R ag BeHBR A he Bfifien el and
é@ mﬂfﬁs%ﬁlaﬁﬁatlcﬁ‘ﬁgss%l Her@i'n%cﬂ}%# viRXP I ei& 98 dedcribed above

AC1 Note that theintensities of the GAPDH bands are

ontbeglasscedvef slipshan |24th§1 dishiésf Upos rqonml@d)nacvfdtreatments the cell-

di fferenti.ated ceII ulatlo

i BeIOaE Shuavel BT Rt BRedt i P cheblrhlsbutfered fqrmatin,

deRRRALY DR %l‘a&ll!ihté‘ii fafc%ﬁ@lnhét% '(?0%-1'0@%}” Qhd Ué?ﬁl?e?l@@d‘tm paraffin.

staining o | arger, excluded cells (Figure |G

Whsreaised] thh algindts tseafﬁéd&)we@pdnrm| dshpldrated niot gtp@aserd)@lcbhol

O BeTal s tom T KaRial SA50 GG s Mest pp il A AP G lineosin
of asiRlind! Bﬁl%t eDE&ﬁ‘aﬂﬁﬂlz%H %e@tm%ls | »%re ifinh R @ e alitls theevant

further characterized by RT-PCR anplification of RNA,
prlhrelry antg]@ﬂlesemngbISdBd*@kalmng\értéDﬂAd{m Corp, Garpéngeriay CA, USA)

of \CeIf%hd Tissue staining kit (R&D Systems Inc, Minneapolis, MN, USA)
according to manufacturers instructions. Stained sections were viewed and

photographed microscopically at X100-X400 magnification.
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epi theli od markers Cal ponin and Cal desnon; snooth
muscle actin (SMA), and SMVHC (Figure I H Retained).

woRIPeCR7sf RNA fromthe smal |l er, endot heli al - | p&REILC@ISI091050

denonstrated no expression of any of the epitheliod
cell markers (Figure IH, Filtrated). Note that the
intensities of the GAPDH baftis are identical for both
t he deACSdaglisiati ons (Figure IH), indicating the

specific nature of th hange i.n _cel it h

or 1 SR B BhASthART Pl arkerd VARG Lha vE-
chd ORkreN@etb Q¥ A@ASylantiEEE Frdl thd NEvoC Wizt 4Epdrsle®@ huMHIBES cell
stemcells (hES) were assessed for cell proliferation

noaplations afier filtnasioBrant separate pequdtuiing o Sawyl Vr eollegdre ds tlesgribed

h it icod, I th l g li ke, . .
i <Pt BRGSO ESFCRYG-E) " PReqtges fn P finine 5%
FME, | iBcitadSWhh | RinanCVEQt LBk R(Sddtk €riF PeBERRTogyelcS Santa

clearly incorporate the stain, indicating retention of

Grral CheriS AN eralbinian KORFIRE&D: Systpms TakeMinnsgpelie MN, USA),

these results indicate tha uman st em cel | seeded
wREF b itubied 30 iR gt Akl E R A ETRAE | SanGSEHalyzed
WBigt Ur BACSTaNbir PB&forR [Hi6kihsd @8d CHOSEh NRBST 0Aal USA) with
matrix, can give rise to proliferating, o
HldRHERTeofivakee  BY dbginassays, gelld ractodhivith gegpndantibodies only
se\p@rat eq kfsy filtration from snooth nuscle-like

SHHEC aF ST 'S EXAMPLE 2 In Vitro Induction of

Endotgyetd-ad i p Muscl e and Hemat opoietic Cell
Differentiation of Human Vascul ogenic Progenitor Cells

| n orCRdkseededsindMatrigeleor ¢pHdgen gk wereifizgd pertamathionr ing¥% t he

i i N | | .
ST Tl Sk N
RESAl-AEt A0 BEEBL fortll Kur ( Prép4iddidn T81 LISt hicrS¥OPY Bnalysis was

muscle cell differentiation was induced by adding
nsriatmeed aceeding e grmderd pressdute BBthehPotmrlogp)Depapimeht of the

Rt R Tienlel AE ot o Prh e ool e AR e i oot
trdte edehPdraRiARd 28484 ih BpdQ #rsin ABE&Tond Grete clay & thitkness of

cul ture both spindle-like shaped and epithelioid
GMénosipper dismandwknite, daamineddarid photegraphedy peing 4 SRY(-100SX
‘i\i:g.ifi‘??fla .concom tant induction of expression snooth

SNEEPtOPfar kers. RTPCR anal ysi s detected

upr egRivakse ramicrphioh (RTEPEROAIAysUSC] e narkers such as
snoot h muscle a-actin (SMA), snooth nuscle n}{osn n
tli

heavyld#aRNA( ®n sH@ctedclzom amegenitgwrand differcatlieragesplls using

EL gur V- t abl ndet e bliech 0 L he RNA
AR Crenticalin, B MG (RIGE EAR At o he
RARGRMERS ikdlubGons. TErRAIA Upisee@iified ®f OV ac '__phbﬂﬁhetry,
human snooth nuscle cell marker proteins (aSMA, Figure

aB;1 ggres heddi fer eachdbF kRemples ROWA Was sensoicHranserthed with M-MLV

AT PR pans fBehomersyh PHE YR ARFof BT mers
(g;&fé%ggﬂs‘tﬁrir)g!\ft[dgﬁboﬁf WIUOBA) Y&pedih® gembaufBEt0ReR iifsducGslsl PCR
amplification of the selected transcripts was done with BIOTAQ ™ DNA
Polymerase (BIOLINE, Ltd GmbH Luckenwalde, Germany) using 1 pl of RT product
per reaction, according to manufacturers instructions. In some cases MgCl,

concentration (normally 1.5 mM) was calibrated (indicated below). To ensure semi-

quantitative results in the RT-PCR assays, the number of PCR cycles for each set of
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hPDG--BB. To test the potential of differentiation to

endot helial cells, the human vascul ogeni ¢ progenitor
w@zlobs40ney e exposed to hVEG-165 , found to be BEFIIQd@MN1050

in murine, but not human endothelial cell induction

(Yamashita J, et al. Nature 2000; 408:92). This

mani pul ati on resulted in th® i nducti on of endotheli al

peiglers speoefificd tabk ar g loeat rango of texpnplsfxiaton.ofin véditier all

t he, appear gnce . of W || ebr.and. Fac
RS, it o1l s BaISd e sl ST CHISTEh (B HoySekeeping gene
Gmﬂojslaﬁ'l%tgﬁﬁﬁﬁﬁﬁdahf | BEREDndifioA$ 5h eﬁot&c@ﬁ&ﬁﬁfs{e\ﬁedfy 3 min at

-Ac-LDL uptake 1n nore mature c ure
9&?@1 (lml etarts)i fotlewed iblp S04 (beyches dacteal tnuimbes ooted hallow) of: (a) 94°C
ce ure 21 Most si.gnificantly, W h o
15534 3t Fckieeug pmiranes b oRteddelaroP A eqt s gR°C for

3@rse@\é’€_)ﬁ%_l].1§1%g v&ihﬁa ﬂﬁ&l 7- ﬁ‘ﬁwgﬁe@sldd aﬁeﬁg? abh8Chfll Bligonucleotide-
conm t nent .. both endothelial and snooth nuscl e

sp}e:hﬁch toyxphtsonsemﬁe ab $d tovesd avsintay 3 2cheiasi S4 g&t"C c(Namfarrmeec i1 et al.
Br dU
b EaBleg Piied o ieabed OURTPS THRGE calpitinr BEaHBe: Tondd °C

(?Bmeﬁﬂ}d feLad. 'IH{eJC@zBﬁbf P'récVoh G'% gV 85.CHISRISM-MHC, 35cycles,
endot hel' i um gr owt h-T act or tréated Cells (Figure

72162°Car1d11‘é pdeChi (Bakdhamt htosle AmaIJI @bmtett(ﬁuelysulaﬂ(b(ﬁr,ISS 944-52);

s treat Wi h
i, 150 B o S Rmbaliay (106t by T J Fesn (Breg Oncol.
1'9'9@%0@%)%t 4GARAD I5k{ale i béogﬁﬁlﬁﬁ PCOGENILE Qire Res.

ITs was al so denbnstT at ed.
19&7;8&d59);p66§"sﬁ?ng3§@g¢a$ afa orp GC tKdufman elaS et al PNAS 2001;

9§Zﬁ)§i® |‘At18#§d ﬁﬁwﬁﬁw Pl EQ%S%OOI 98:113);

%T@tS s PRAd:L T B0oP! (SA%{%% ﬁé'_t'ag |UE £ erd00Y)9MEI38), XIS BT, 886y cles Ta

fferentiation ofisol ated human vascul ogéni ¢
60r°Cg€uiatroby, Sedt lab Antesio Bbrdmivd Wes Biohd 2% H9:588:07); Tall, 40 cycles

ot "k itan S o NS BB h ARG PPl cghienmdateo °C

(R§kdvﬁ§%l&’5r JR% 9l MbeRARk 2660, %?@gb' lity. EXAMPLE 3

In-vitro Vascutogenesi s an | ood Cell Formation by
ESH @ligonutleatideaPrimessnt s characteri stic of

vascy| ogenesi s have been. induced i.n vitro

oror JORTEE ELBnieRaans e Tolviaspstife Wehfilitiad o were
ganple, Feraud O et al Lab Investig 2001; 81:

1661-89), however efforts to enul ate vascul ogenic

pr oce{s)seussmm ¥1 €CCAGETAGCHGredGAAGTA HCAEHT 35(BEQCcH).INO: 1)

GREEPT AEEATRACHEEEN odh SA8Eh BIEEYhltne

d two different 3-
Ig{e%é*dgétwﬁlﬁé ﬁ?()?ndng&§bé’§% H3E '

nsi ona type col  agen gel and Matrigel,
whi cl{bha@dpbeimn 65 eGAGT HFOGCAGCA GBCRAASTEICAGKE 3’ (SEQ ID.

N0 TB o s SRR S cBeAd Brb i 4 8EQTIB! o o
(gﬁ}sknéb oThe}ﬁ@@mteﬁ%?ze of %&?& is @g@ﬁ&%ﬂﬂson of the ESH

presence o hPDGF- BB
(c) SM-MHC: 5° CTACAGGAGCATGCTGCAGGATCG 3’ (SEQ. ID.

NO: 5) and 5> GCTTGCAGAAGCTGCTTCTCCAGC 3’ (SEQ. ID. NO: 6),
corresponding to nucleotides 579 (sense) and 758 (antisense), respectively. The
predicted size of band is 179 base pairs;

(d) SM22a: 5° CGCGAAGTGCAGTCCAAAATCG 3’ (SEQ.ID.NO:7)
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suppl enented differentiation medium prior to seeding
into type | collagen (Figure 3A) or on Matri gel

w@ Eiognses3B) clearly induces sprouting and tubect/itkeos/001050
structures associated with early vascul ogenesi s and
vascul ari zation of both the collagen and Matri gel
substrate. Histol ogical sections denonstrate

(ssost pad | AN oGGG@F@ﬁHECWEECTJICPo‘bTGQGGWt &'t (:EQ. ID. NO: 8)
trigel for n vvork structure

?I\:rfﬁ %%Feﬂ‘es]?rfa SVQ?@BF‘&*‘S%?&WT BH#™¢Fi gure 3C).

Sur pré)s ICAd éémofh Oy OA AUTRE CTERA ABLCAGGORERT \Ga‘(SEQ ID. NO:

under hi gher magnification reveals blood cells within

9% hed &’ | GEVGOTT GIMACGRATEG TGES SEISEQFIyUN@: B, carrgspoiding to

El ect, Crosco rther reveals l]-formed, .
o R A i iseh e i otie PR sz gf band
i€63d b&gggﬁg asm | i poprotein capsules (Li), endotheli al

c

rmng a lumen (Lu) in the cords and
herrat(dpdEAtﬁAa ( BOAGECEEPEETCHTIATGCAAe 3V€SEQ| BD. NO: 11)

Gy ot SORETSEEcriaTabags & ySh bl o) Gftisense)

’Iglléﬁ)fésdl{“}é& sibd Hp%anhqghﬁ 6l pyp@n vascul ogeni ¢ progeni t or

aving the capacity to differentiate into
f unct(gonal138nddt h@W(ﬁFCH&AC@A@(’EGTGAm@AoBé(SEQ ID. NO: 13)
met abolism _ factor VI|I

EERIaE S oent e A TSR HibERo I NS e Gntisthse)
Té@%gdnﬁgﬁ %}99% 209L SoPhRe P%NPLE 43 Di nensi onal
aSCU aril zatl on n V| tro vascul ari zati on of

engi eemeed:t i SSSUeATCSZCHsTCIFTGGIAAIAGGﬁE@TGGCTGGC 3 (SEQ ID.
regenerative nedicine, cruci mai_nt ena

Nfal Hr(eanse) e J@@MG&}GJQT&%CAQ@T&%GGATG "$es2. .
NOPLAPARERD. 1A 500l ATRLS} pYARS Y baSlict ur s

or’i require a su orti

f ramgiyocp31e. 9.5° S@AA@MGAAAAEFGT@A@H de\(SEQprIBntNO 17)
and growth. Therefore, the theral?eutl C potential

(IR S GAGRCE TCEST) TG AGORTE o (3601 Dve: T8) Gnisense).
THRERHEGRLELoHRLAT: B hite fhLo Ui ssue engi neer i ng

di nensiona grnate scaffold, which has

been (Ehw\n to leperGTGCWGGmAGEI@:[em@r BRISKED. ID.aN0D: 19)
fibrobl asts and hepat oc tes Qpl ro L, and Cohen S.

(Binsepeandr Pal ECTOATTEET i3CKPEQ. I. NO: 30) (antisense).

Tdiifdethie: €$@8éﬁ$¥ﬂ?§3p§}ﬁgﬁ o vasen oaeni ¢

Progerj IGXPDHE’ & 2guCeaa ertGesCcaecabed,s’ QSEQSEC’NO 21)
wi t hin porous al gi nate scaffolds, distinct vessel

f or mdsdnee) andouid QﬂﬁéC? GM@GGCM@@AWEQ obsevbfadhiNer 22)
14. da cbI er. ati on nedi um
(%BBP%EEJEF%%@ SbZSt"If%WIz@é%%’IB erFlff‘Hé: BB l(J|=i gure 4A,

red-staining structures). H gher nmagnification

exam nation of the vascular wall structure reveals
flat, elongated endothelial cells surrounded by snooth
muscl e cells, typical of vascul ar norphol ogy (Figure
4B). Thus, culturing human vascul ogeni c progenitor
(ESH) cells on 3-D scaffolds denonstrated, for the
first time, the capability for directed, in-vitro
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vascul ogenesis with differentiated human stem cel | s,
faithful to normal angi ogeni c devel opnment. EXAMPLE 5

wornea0xascul ogeni cProgenitor Cell D fferenti &0Tan2@s/0a050

Model f or Lngi ogenesi s Recent studi es have denonstrated
that some nurine enbryonic stemcell (nES) systens are
capabl e of reproducing key éVents and chronol ogy of

t he angi ogeni ¢ process, EX4aMRIE{ a potentially usef ul

0 w th which to investigate nec
ZWZW@M@{'#@WMA Higgy aﬁcuﬂogs"w%&'t'mffﬁélif@f' Human
1669). O further signi flg@,gc@elwas the observation
that nES cells derived from VE-cad deficient strains
of m' Resp{tyEhe adverwhelming irnlmbrtaocejeﬁéiuo}ﬁneﬁdmt el itevhnology to

nl bodi
RO AP g B P PR BfC ORI gih nOf-human
éé@&ey{oqﬁﬁﬁunf‘st&f{ @8isShals Bed ;Bdiﬂ’stérl@n%m st @écﬁuﬂﬁgegﬂaﬁrmgenuny
rected, 1 n-vitro vascul ar deve Emant fromisol at ed

andrmanchveffru| Whdainwripe sgdnyanie stemldel (abShHaese for example, retain

ef | cts si ol ogi cal ess = . C .
e ofrpuiek s Sulfte Bt By SEPREhm by PO Botiftggntat i
Ve fs eeRs ot shtgd BRI, endbMEmeA dakP @elolibmmdronaskenal vitro
antibody found to inhibit in vitro tubeformation of

diffeentignooinhieimal awkbther pmatdES ek tings has Btemothapg@tized by

1679 I ti,- VE-
RTiobT Y ITERIAGI TR FEVD: G TG Rogatul in vitro
b I f
S bl S0y R morfodave 1o 1acpbaionisos
3R 3 46 Hu dpl e e thevisalatir @ﬁ/wascmlagftrm progemiorveg deing human
and networ k ruct yre t Se Io ene
SnE et S ol gt e Sitodgimd By R e PR HRERbRa in
AAehvEl o Oalntl_égsﬁﬂe{lﬂme reitﬂ@r gfahi tHe VEr&adimatsidady3BYbnodel

to the medium cl early “di srupted vascul ogenesi s,
covimbily iusgd @s gendrit,abasedt ipors preceliservgtiem that ihee Premelri@d body

of tube and ne structure Fi gure

RIS FomotdPF Gt ar BREFor EHF LT SROGTa! Sgleserdtti dfhikava
@SSMIOQ)%%IS?IBEQQI%BIPZS (&PH) cells exhibits

Sensitivity known” i nhi bi tors of human angi ogenesi s-

vas c uUodjffieeesitisted thaasershrybnic ptem/ celéding Hbdehd flbk3 cells were

grtﬁgf?%%r g\?lgd aa%e_ %%c? %ﬁ ?Hﬂg I%fvl F%&J Eﬁsiﬂr '78)a?ecrlnoved
¥eacdbpg EI%’eF Rh@PeMed & §n§§ ReMN BR Y WB&W@E@ @oeWb(‘l Rish&Swith

cell s seeded at "the cell "concentrations taught
&iﬁe&mﬁhm@ mediam as(hdrbeemdesaribgd for maushNECrBS zeimmshlta J,

e in cell death .(data no

ARenre 2Rl SrovaRcnpeSits bl Bl cal haicated

s?%&ﬁg dilf f kgt €6hdendRfSH N9 &ABGRENoF afndatfor0 endothelial
gel a lam nin or type IV collagen coated di shes

diffeeentietiors e d Hame vero geding dhunvit 55 aklds andthketdsonisnended cell

concentration (1X10* cells/cm?) resulted in cell death. Therefore, several cell-seeding

concentrations were investigated. Seeding the cells at higher concentrations on a
variety of attachment substrates (1.0 —1.5 X10° cells/cm?) resulted in an inconsistent
mixed population of undifferentiated and differentiating cells (data not showed).
Surprisingly, seeding cells at low concentration (5- 10 X10* cells/cm?) on type IV
collagen substrate promoted differentiation that resulted in two distinct populations

of cell types (Figure 1B). A significant proportion of the cell population comprised
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Non-di fferentiating hES cells (H9.2 passages
29+36-29+60; H 3 passages 31-57; 16 passages 35-50)

WwWOowe/0gr7siM on an i nactivated nouse enbryoni c PEBRIED05/001050

| ayer (MEF). Al experinments were preforned using

lines HO.2 and H 3, while ggrogenltor enri chment and
characterization experinents were al so effected using
Stnlablellﬂaﬂ talls. whiESange | Husleiveesembbing tendethelépl tprpgenitor morphology

Gt a8 DT sinariesaS b P LTRR Y BRastila. Sy Rare

2066,V 49 9%)et\§l|111<¥391‘{é ?ﬁnﬁﬁﬂé%%v@l%B%r dyfet QBB wﬁ{‘%bwous fibrous
separated into individual cell suspenS|ons using a

stOetnrerEigures t B adrmavheqdsy con) to facilitate
differentiation st

anal Y& P Rere i SRt @ors end e Shsmalep human

vﬁée@lc%@ni@ncélNBﬁ)g'eMt&Ql hf%g%llscaféiteeﬁlt@ﬁ hefoughi & 4‘Oe!u|n strainer,
Bect on Di cki nson) 1% gel atin (Signma) coated

Sdgrsgvémgaﬁleaerrdethehdlehlga tcyllsofrOBXIlim layge [Tt coetls. Tn evaluate the

RERBOBED: BReepo b GeATPLG S e SO0 R e B SR fihlations
VQeré BMrib‘té'fWeQ B WelcRAKPbT {etilfic el -mdTRérs O ﬁ?@w@uél’ﬁbl@scnbed

culturing, differentiated cells were filtered
fOIh noughriag 4Mﬁﬁﬂsmw@pnmfna¢ur@$@mg§n§tomr¢brmd drom hES cells

REAGERLhA S ARG Bl P DRl Fshere Wed Fivea,

aﬁﬁfd‘rﬁfyﬁéﬁ '11§Hu9810§ﬁ:qn¥' Tof R &k hﬁﬁ)nhyﬁﬁﬁhﬁn %Sﬂgéﬁ%n&ﬁhehal
BB 10ng/ m fromR&D Systens Inc) for -12

eadloihelwd) m@depwaﬂs(VEﬁimIKERal qunasmaremdo&lhh@l cadherm VE-cad,

ML eSSBS B RP S B ipmen
(RN iSWaG-E éi%l |§ex\@6ﬁnér§@b@§ qdsupigng an | VF micro
pi pette (Cook)" cell was plated in a well of a 96

wel | Lbieapwf(diyptahdn\,thc @prlagmm) of thes rraplmrsnpﬂhattwo populations
dlfferetlatlon dj um

F
iy Semotetec it LR A 8Rs hiteus® | GyPpasipnificant

prbfiorPHLhE |sH1‘ar1€13 @ﬁdb(ﬂ?elm GkOSARRYre tf(ﬁm\ﬁf) 'eg(ﬁfre‘éw E-cad (78%,
number of cells plated. Mechanical single cel

Higwoe 4€) and wassnallse gortiat prressh:d VIFBER2 (%8%;:Elggrmlg(ll)e Whgn the

PR B e Y | [FollPoRP S Rl gpalvzed for

1&%&6&'0&910!(%%0 UGth shigtReseldnd, E-BR Carfti®blly CG‘@HE@SID -E),
coul d be obsérved. At one nonth post cultur| ng, each

scanl foraytlygecatir gepreesiomot NEt-gade’vaS\ﬁe&eﬁtdda@@rﬁé$é 28%q), most likely

|V
dub 6 Bisclon Messhrcenbal sty PheBet b WrGadiSatntbia g cen-
@Jctzllp ?Jncﬁ@ﬁs Qi?gﬁrb NEGUSTrEW 64 vRSGetfof Bl SammpodhriRt YrRﬁcated

anal ysis. Results isol atl on and characteri zation of
optichat MEldad lexpresksiGME ﬁoXb@enils/o The present research

2Po" 9BED, (LML S el o U igE LR 7 B, e
e?il,i(ﬁtfelia'iag{?ﬂ(bl\g{egf gfePef fduﬁH % %tu’f@?@ @9}%;{9 thelehdothf@iMBsdiid cD31
and Tie2; AC133/CDI133, GATA2 and Tall early endothelial/hematopoeitic
progenitor cell markers (Peichev, M et al., Blood 2000; 95:952 and Kaufman DS et al
PNAS 2001; 98:10716) (Figure 1F, Filtrated). @ RT-PCR of RNA from
undifferentiated human stem cells (Figure 1F, hES) demonstrated no CD31, Tie2,

Tall or GATA2 expression, and only minimal expression of AC133. Note that the
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However, attenpts to use the cell concentration

suggested by Yamashita et al. (IX10 5-1.5X105
wazlobsdoopR) resulted in a m xed popul ati on whi BEI/IL2005/001050

i ncl udes both undifferentiated colonies and nultiple

cell types differentiated therefrom (Figure 6B). Using

type |1V collagen coated disffes and | ower cell seeding

imtonsitagst oftheo oA KX 1ind Y Xi) 4ddnESalcair | otie 1ty vadifferendiated eand

esent jnventors.to ner a a reunj,f orm ulatio
lisestiaied, B hopnaiaR, Biageal o dpde g the apefitbnadre’ S te
cHﬁr%%HEélPﬁhdf%gglk?sgihQﬁfferlelﬂi‘ﬁidnat ter popul ation included

two types o , smaller, flat cells with large
nucl dmnginpflharesceot saidiogoéithealarger, eyeludededd!s (FamesHi) avealed

J, et al ture 2000:408: 92-96), and | e flat cell

U eFiStfisa P P SRGEERE ORGPt T e e Teapeg dfepiewed by
CRABBeRr-AB GRDY | A& etf RAIOPNAR 2966:97d 156B0LRD markers (SMA)
experinent (1.e., 5X104-7X104 cells/cm 2 seeded on
unggtected/ic ohd amalterc itered ails.heWhemdunthen dbdracierized b T-PCR

SSUREFATEDIE 1A TR B S BT 50T REl SPER e
efitRdoa%Rek S RS MNA 8hd EhiliEGh&T %ﬁﬁmiﬂ"mﬁ@&@aothﬁ(@MA%, and SM-

popul ati on generated according to the teachings of the
MHEs@ingure vk Retaned)asR TiPGRe o€ RN A foug theasmdiam ¢ridothetial-like

t hus separat,ing the endaothelial-like.cells fromthe
chl e el SAPRaR DY ot Lo PG el R Eieure 1HL
P%l%‘aledﬁ.r [otd PAt f}f%\flﬁ%hﬁgeﬂ)ﬁfh%r@éﬂg’bﬁ baiﬁfgﬁ \Vate/ ﬂ'entﬁ{atl Eor both the

E-cad enriched popul ation (~35% which was f er
celhriophlatiomsy (frigweatldyl ihditatimgt therspeeifibaiurd lod the change in cell
gndot hel j ah.—E%i ke. cell fraction included cells
P ﬁ‘ﬂﬂ%@s‘f Uatehos of the cells), and cells
expr 8gfdm theHvio Lell pdBifafbngt Agsife o e l(ﬂi*’-ﬂ@nsﬁ[p)seeding, and
RTPCR anal ysi's whi ch was perforned on both cel
chitering ofhBumard stent exdlst(hE$) whe asscbotdédricall -grolikferatieh Icapability,
fractian did not express any v-SMCs rkers
(b, RN e BER Pty Taiogh e oo RI AR cae Lk darge spooth
nidsRet RN cRONE QurtiBleC 8 hAflifSte0 gFi élh‘@ D3kl Wifle BSimaller,
Tall (758% n=3) and Gata2 (4210% n=3) proteins
eqdothelrad-ligE)pragentdr wdls elqarlgunaupdrgtei thp btats imticaing eetehtjyon of

PSR SDUO (TR e P b TRGeT \ORE A Bse jesulisoeqieghat human
siehD EdiR; seb8dd ds siRBleGRAY a néit asaﬁmﬁé/ggg]?&%g% ’aﬁé cafdred I vitro

Robertson SM et "al. Devel opnent
0411249 ywo-domensminalametrixr odn gige abé toeprpbfeeatingaéndothetial-like

cell.fractions described abo e_.an zed for BrdU .
FOREBI B0 Pl GRSt o 0% B L ! DAt | L) Sobas guscle-like
padRofyr dU for 12 hours reveal ed that some of the

endot hel ial progenitor cells incorporated BrdU while
none of the SMC like cells exhibited this capability

(Figures 6Fi-U. Both i actions were also
tested for the expressi ME'ZIET%7 ~a typical antigen
f oOYURYiird IHHYBh Qg?E‘?tﬁb}It%lial,Tﬁh:%oﬁ%m&él%HH HUMRYSIiafk Cell
that 662% n=3) ot the recul tured endothelial-Iike

cel I s ex@liffervatiakorcqf HrmguriseHogenic RnigegitonGells vat ed
oSS U U "R BRSNS BicReni progenir

cells, cells were recultured on type IV collagen coated dishes, at a lower cell seeding

concentration (2.5X10* cells/cm?). Smooth muscle cell differentiation was induced

by adding platelet-derived growth factor BB (hPDGF-BB), which has been found to
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shown) . Lineage differentiationStudying the
differentiation potential of the enriched progenitor

w0 26040065 requi red recul turing on type |V col | B@EIL2005/001050

coated dishes, at |lower cell seeding concentration
(2.5X104 cell s/cer) The potential of such cells to
continuously differentiate thto endothelial cells was
indseeSMQG titfergntieiemcin ahutindEGIMIEY, abute Inok nlowmanyi stergegells

f epdot hel i al IS r thi s.m. togen

Bhirabeac Ol i oot ks HBESTATIEN. 1T 4o of cutre
r

ROV ke S“a?@d P R e e e e e aure,
a(d?arggxmt}ea EBhconditant nnﬂucteome&v(ﬁr@srbﬁ ememth musadn celbmiarkevgn RT-

ecr it.rent factor' for p?rrc‘}/{] - atelet d |vedh

RYHE detsetadpupreaionm T et ssmostly MushiesmAtkefsopich as

SHRBHP RN RALBLIEMA)] @m%&f RSN Ingtdsmghémysalaﬁas(mlmﬂm
into SMC I'i neage ( Yanashita J, et al Nature 2000; 408:
c8podi) SM23l, |andi mgiemoﬂZFrga;sZAf v{SMC]urncm@)ly mlnmalﬂi% in the

indle-like ear i N Thes
A Fogs, pie el BEP RRRGE Ceell iyt A SERH (vt cells).
ThunoFhbieEcenP %@ieﬁﬂl&n bt SME:%uﬁﬁhkﬁﬁ(%tﬁ l'rﬁﬁ'sc?eS cel’F TRakE proteins
nmuscl e nyosin heavy chain (SM MHC), 2,

(c8Mde slr"'lgmne 2By emadthelirg xap m@k@doibyartyh emeotd)emlusclaslevebpment

BT ots SN iEiie 241 o0 Catnanisdl e 223icap B bp dpppeyy for
ﬂhlflér‘?ﬁ %ﬁfd é’iﬁ%re'nﬁﬁt@or@& mRMranRRSN A JeRR pr%éiﬂ%r céNRAyW&ipdsure to

Single d+ I's generated fromh s were
lﬂ’;DﬁiiB&j |n order to determ ne whether these cells

t [ f dot he | d |
col | o0 &55) e, REEE, o iffacitat Baciog Hiah SEHT | ERebpman
Qégtﬁff&éeﬁﬁ:eﬂog% eg)? WA IV\Q:PG @ﬁgo%e(! &S WVEHTED, ourd bYREeffi¥ient in

agen-co 96 well plate. One hour follow ng
mbirire, bgt nﬁdutmaméﬂdovimham@kuaﬂhqnoex(é{mmhita( byet abtMNature 2000;

4983004 T repropiagy Gty i Gie e, Bhendatph Seh-sBecifi
rﬁaﬂ'g%}é EodtdwoRd BRYbeEs (jﬁﬁll bEVIRER &idl {hd ra%ﬂeér@nc\(}E(é: von Wlllebrand

rentiation I um suppl emented wth
Raictoln (hW[B()SFsBBed $i Wge¢ibeleRellddedwldomsi es detectkd bbenmbwﬂue@scence

foIIo ays of, I in der .ei.ther cul tur
et Fone A Seativgiy, Dt L Bk i B Mgt Sflseppeure
t t
i Er@“@%%?eﬁ%%?)%ﬁ%%“fe” i S6im T 0L (FRABD)  Most
mmﬁmﬂy; yeroithe fiddterrindgpeedi dxjfeeerrmﬁﬁom,em&l @Ah@rt hBDGIHBB or
i ol 2000 227: Cell .culture

e F @ emekid 8at Wdbee wﬁe;a$ bt Fammiand it gegqtielial and
J&ﬁ%‘tﬁ‘ thusid %ﬁ %eélw&s lobsdFREdPBith QdMidiSk Ao BALR bf the growth

B-Suppl enented cultures predom nantly
factotsud @drthmrrmié eBtdk enmfpcbrstwre smtbihie ndjffereBiif@sd (dellgyundicated
BAI i) ese lls

rzfsﬂewﬁlpﬂ q ﬁrguf%épvggaplr fﬂy it they @gsrr%é?sg%béﬂw@%?gg%‘“h factor
B ShaciSllfe 29 0 REERN I8 8 LoDt
hbmpholopyli while rgllareatnd omﬁe hPRIGFeBB| exhibited impaired proliferation
ability (Figure 2J). Hematopoietic capability of the isolated progenitor cells was also
demonstrated. When the VE-cad-expressing population of filtrated, vasculogenic
progenitor cells was cultured in a semisolid medium with cytokines, CFUs indicating

hematopoietic colonies (Figures 2K-M) were observed. Thus, differentiation of
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phenot ype. The exposure of VE-cad+ cells to a specific
gromh factor did not result in total cell conmm tnent

wa moan®753 neage. The PDGH- BB suppl enment ed cul tREEH.2005/001050
i ncluded cells expressing v-SMC markers and cells
classified as VE-cad+ cells. EXAVPLE 7 Human
Vascul ature w thin Mouse Mafkrials and Methods In
ignlated humae xaseilogenih erdeenitorzs!ls eray \be durthaes dudusgd raind controlled,

GBS B, 8 S BEMMBS RN TebBopesini
coBInhitmér URS 6f pREEASapaitye) and transpl anted
subcut aneously 1n SCID n ce. nseeded scaffol ds

served as negative controls. Two weeks foll ow ng
transpl antati on, scaff ol rroundi ng tissues
were renoved from m ce £ﬁ§4ﬁg§{%$ogically anal yzed.
Resul t Br-f#ro02i3chRg&RABR drd B8 CeB FatmbBriymBF BISH Chybes
which were fornmed in the cell seeded transpl ant ed

scaf fGueisl grants shasaateriaticarf] yasewpedoesis thazn bepre indusedlimvitro
L%i‘ln%erﬁurfir%r einn?lg (|>rﬂf; tgtrﬁ]{enecc ?l[]ciern?/%c(l) P%gfy%?de ﬁoedqess(g%f, Ec%leg%m)le, Feraud

ining transp sca sect1 ons

dreean Lsmnmﬂgaoeqi;stl he6é nBIRtHoMRvET efforiClol @Ralhte vasculogenic
vascul ature of human origin which contained nouse

mogssEes il yiFo(ysinguuenayqyluristent|stam eddls have begarlargelysmsyasgssful.
ol.l qwi .subcut anepusl.y_inj.ecting atrigel plugs .
T R RS SERFOHR ol BB AR b e BB pragenter

(EXAWREEs 8ehied b eliffereht ShéiatenSohaSHodyls: hizse PeoNAEn gel and
Vascul ogenic Cells Materials and Met hods Human

Marigels | whighyhaveubegrertised c@l IPsomefeedbnivessallike formation from

Vi l. 9geni G 1S h cl el | 5 ] : .

SRR GHIIEM R G AR P N L Lo 017 dkubota
Y ) al ITTEIVBIOE 1 EB8PIFEI8HY f | ow i nduced shear stress for

24 hours. A closed-loop flowcircuit circul ated

st er iAggrenatign fof dhe AiSHheelisn imsler presense cighVEGE and hPDGF-BB
assenbl.ed fl.ow chanmber,. which inflicted st ead .
SPERERENEE g R B Db olieeii Pl SfioryBt.E Silldasn (Figure
19| brSen mhgeﬂWﬁg'uiréfBB? cYafly 36GRBP 3piotnHY¥in@ tSBeallilteC structures
control construct. Fo Iomnng 24 hr exposure to shear

asyocintes]l with cady| wsqogenesisnaue yasquinrizelion of dotnthe collagen and
LIS I O T SN NI
ckMpiif@dl tHee Michl C drafin®rad Albedel AGtwoRd istattuMe cRracteristic of
mature functional vascul ogenic cells resulting from

vapular Hemnationr (Fegire BR).aduinrismgly, ehé of greae dvpartangé, ebs@vation
uglaerslﬁgﬁ:eirfnila%niﬁcation reveals blood cells within these in-vitro cultivated vessels
(Figure 3D, arrow). Electron microscopy further reveals well-formed endothelial-
specific Weibel-Palade bodies (WP) in the cell cytoplasm, lipoprotein capsules (Li),
endothelial cells forming a lumen (Lu) in the cords and hematopoietic (BC)
development within the vessels formed by endothelial cells (EC) within the Matrigel
(M) (Figures 3E-3G). These results demonstrate, for the first time, isolated human
vasculogenic progenitor cells having the capacity to differentiate into functional
endothelial cells with lipoprotein metabolism, factor VIII (vWF) production, blood

cells, and all components of vascular structures in vitro, under defined conditions.

EXAMPLE 4
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mar ker indicative of early vascul ar snooth nuscle

cells) was also substantially affected by the shear
waEwend75sThese results indicate that shear st rBSBIL2005/001050

effectively induces expression and organi zation

ki netics of stress fibers, thereby enhancing

di fferentiation, maturationand functionality of

ES- deri ved vasdudingasivaalciaffeld EoseniarZatorDi r ect ed

D fferentiati on, of hES Vascul.ogeni cProgenitor I]s
Nhteﬁ?aV‘oaH “W&?ﬁ@ﬂglPﬁﬁﬁﬂgl I'%I?%?%EF% Yr S a%ﬁwpaﬁ of

r dgea@rah% fRHIcARE Brue RA R AhS hAlRenahed oStuitudadl/§ssas viability before
es

cribed hereinabove. The resultant vascul ogenic .
apd effeninipdantatiinl danga-diameten shssnlag diraasurgs, fshisatde farampiegtation,

di t ai ning hi level (10% v/ |
B SRR D. SEHAYED ol ablafloSln R ronin
Taeterdte € theCtlblape R Sotéitla e qluh‘{an RashilégnRt @SN 0prBa&SRe Rells

every 5-6 days routinely. Follow ng an incubation .
wesr investighted Susisg sint hevitrel tissueeangineenvesy gapdet, otie c 3ridimensional

d I d by, RT-PCR and | -tine RT-P ' .
S A L A R
FAREbINAS Ghd BEpaReRENSHMSE] €, 88 CohéY SSMBbomakiial®1997;18: 583;
sequences and reaction conditions used in PCR are

andddlidkbie R, et all BixitechhobBlosng 2A00;67:344Re dul net Iagnanaraspidogenic
seen.in Figures 12-13, high levels of v-SMC markers
REQEegy(prs- cal ponin and SM MHC) were detected in cells

cul t utBRn i HinnHWhs&R6 LRI BRIgBnitoM iefe bi e URT, @8 SdeSdtitel; and
markers was substantial |y downregul ated. On the ot her
sheded, withéh Ipsronk alginatescaffolds distengt vesseldarmationrarenndi the scaffold
exhi bited high.l evels of . mar ker.s (Ti.e2, 1
RV SRR s SeybTh i isre OB i
WitlSWtHTBVEEITS aN@ S PEIIIS BN Higire Y4 A OV R41HIngt fehclurésgur Hegher
12 and 14).1n addition, vascul ogenic progenitor cells
migngfication eexgeimatian eof the masculagevalk seuasereprexeads fhatdelongated

B BB PR s e bl RS TS e aprhotony
(FRuRN B OYTHUS] AHBing Hnanast8g i progeaitét (BYFBNcells on 3-D

re-cultured in high serumdifferentiating mediumthey
soaftvlid$ eteatonstratedyt fonuthes fiyst atimie e e loapabiithi fgh disgctedofin-vitro

VRSP SRR bR S ey SRRl Bomph gpiosenie
dé%@lgsmeﬁ@e results clearly show that hES-derived

vascul ogeni c progenitor cells can be induced to
differentiate into EC or v-SMC by their culturing in

differentiating nedia i j ow (129 or high

(109 serum vol une conpm%g respectively. It is
BRIV RE et ha Progoniml Tell BffeveRfiaon ks ModeERY UM@iogenesis
which are, for clarity, described in the context of

separRecente ptbdigs rhare slemenstraieds thap someomieiag empryonic stem cell

(mES) systems are capable of reproducing key events and chronology of the

S%Q}%?c'?mented

angiogenic process, providing a potentially useful tool with which to investigate
mechanisms of angiogenesis (Feraud, O et al Lab. Invest. 2001;81: 1669). Of further
significance was the observation that mES cells derived from VE-cad deficient
strains of mice (VE-cad -/-) failed to develop endothelial sprouts. However, only
embryoid bodies (mEB), and not single cells, were capable of initiation of the

vasculogenic events in vitro.



10

15

20

25

30

conbination in a single enbodi nent. Conversely,

various features of the invention, which are, for
wheme10755 descri bed in the context of a singl ePCT/IL2005/001050

enbodi nent, may al so be provi ded separately or in any

sui tabl e subconbi nati on. Alt hough the invention has

been described in conjuncti & with specific

enbodioniamesighteevlettier directed, iewiitie vasculratdevalopment from isolated

al ternatives, nodif.catjons and variations wi)l be ¢
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layer (MEF). All experiments were preformed using lines H9.2 and H13, while
progenitor enrichment and characterization experiments were also effected using the
16 line. hES cells were split using type IV collagenase, resulting in small aggregates.
The cells were treated with SmM EDTA in PBS, supplemented with 1%(v/v) fetal

bovine serum (FBS; HyClone), and separated into individual cell suspensions using a

40pum-mesh strainer (Falcon) to facilitate differentiation studies and FACS analysis.
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8. The nethod of claim7, wherein said vascul ogenic
cells are vascul ar snooth nuscle cells or endotheli al
walob/e40dsy i ved from ES cells. 9. The net hod of BIEIITNG/001050
wherein said ES cells are human ES cel | s. SEQUENCE
LI STI NG <110> Gerecht-Nir, Sharon Itskovitz-El dor,
Joseph <120> NOVEL METHODS FOR THE I N-VI TRO )
Uriipre mtiagairhiESicell SEPATSIAIN weidDpRIFIRERERT T Tpibgearoated dishes
VAS | C..P, N T L 30>.28174 .<160> 36 .
7ot PRk o6 0 136 £eisbn SSiEpa) B6aed JRET sLlepy ensity
of 3330 Belld/EhEiinla & EEARSRHN<AGIM Coddpos&d B9 hpha IMBRNUmedium
DNA ol i gonucl eoti de <400> 1 ccagctatgt gaagaagaag agg

(@8hcaBRE) QippRirentedvitdp 1024 FBYN HyZ13e) And 0 flingV g-mercapoethanol
RGP, ARl ol BT S AR 5 e
538, UL R S S Syl 2o
differgmtdationhC oagCype24V <2dillaged coated dishes (Becton Dickinson) in a
differentiation medium containing hVEGF 45 50 ng/ml or hPDGF-BB 10ng/ml (both
from R&D Systems Inc) for 10-12 additional days.

Clonal analysis

An enriched endothelial cell population was immuno-labeled for FACS
analysis with anti VE-Cadherin-FITC (Santa Cruz) and single cells were isolated
using an IVF micro pipette (Cook). Each cell was plated in a well of a 96 well plate
(type IV collagen) in an appropriate differentiation medium. Following an hour of
culturing, each well was visually examined (by both light and fluorescence
microscopy) to verify the number of cells plated. Mechanical single cell isolation was
used rather than FACS, since single hES cell do not typically survive the FACS
sorting procedure (data not shown). Following one week of culturing rescued single
cells, single cell colonies could be observed. At one month post culturing, each
colony was digested with type IV collagenase and transferred into a well of a 24 well
plate (type IV collagen). Confluent cultures were digested and used either for
continuous culturing or in Immunophenotype analysis.

Results

isolation and characterization of endothelial and SMC progenitors

The present research approach (Figure 1A) relied upon findings that a 3D
embryoid body structure is not required for the differentiation of lateral mesoderm
cells (Yamashita J, et al Nature 2000;408: 92-96.).

However, attempts to use the cell concentration suggested by Yamashita et al.
(1X10°-1.5X10° cells/cm?) resulted in a mixed population which includes both
undifferentiated colonies and multiple cell types differentiated therefrom (Figure 6B).

Using type IV collagen coated dishes and lower cell seeding concentrations

(5X10%-7X10* hES cells/'cm?®) enabled the present inventors to generate a more
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<223> Single strand DNA ol i gonucl eoti de <400> 4
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<213> Artificial sequence <220> <223> Single strand

DNA ol i gonucl eoti de <400> 5 ctacaggagc atgctgcagg atcg

24 <210> 6 <211> 24 <212> DNA <213> Artifici al

wifque nEpukdipf>whizB>cadi heflee wrveans aDkpuret ifgospedi@otpregenitor

o508 A5 LGSR R0 S STl
1866 andeDMiRl kO emidpheEiar | Qgeﬁ&QQEYZmMﬁg a%&mature 2000:408:
agt ccaaaat eg 22 <210> <211> 23 <212> <213>

9Rr96)f dndilarge flatieedln weth fiber arrangement (Figure 6C).

Thus, the cell population resultant from the second seeding experiment (i.e.,
5X10%-7X10* cells/cm? seeded on type IV collagen coated dishes) were used in
further experiments attempting to recover specific progenitor populations.

Since the two dominant subpopulations displayed substantial differences in
size, the population generated according to the teachings of the present invention was
filtered through a 40um filter, thus separating the endothelial-like cells from the large
flat cells. Analysis of the endothelial-like cell fraction revealed preferential survival
of a VE-cad enriched population (~35%) which was further enriched by repeated
filtration (~75%). The endothelial-like cell fraction included cells expressing CD31
(~60% of the cells), and cells expressing Flk-1 (~30% of the cells) (Figure 6D). RT-
PCR analysis which was performed on both cell fractions indicated that the
endothelial-like cell fraction did not express any v-SMCs markers.
Immunophenotype analysis of the endothelial-like cell fraction showed upregulation
of the CD34 (17+3%; n=3), Tall (75+8%; n=3) and Gata2 (42+10%; n=3) proteins
(Figure 6E) which were previously implicated as early endothelial/hematopoietic
progenitor cell markers (Kaufman DS et al Proc Natl Acad Sci U S A 2001;98:10716-
10721; Peichev M, et al Blood 2000;95:952-958; Robertson SM, et al. Development
2000;127: 2447-2459).

To evaluate proliferative potential, the cell fractions described above were
analyzed for BrdU incorporation and Ki-67 expression. Pulse-labeling with BrdU for
12 hours revealed that some of the endothelial progenitor cells incorporated BrdU
while none of the SMC like cells exhibited this capability (Figures 6Fi-ii). Both
isolated fractions were also tested for the expression of Ki-67, a typical antigen found
in dividing cells. This experiment uncovered that 66+2%(n=3) of the recultured
endothelial-like cells expressed Ki67 (Figure 6Fiii) while inactivated mouse
embryonic fibroblasts, which served as a control, did not stain for Ki-67 (data not
shown).

Lineage differentiation
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dﬁfﬁxemuatgang@lnémhel@m cells was tested in the presence of hVEGF¢s a well-
known mitogen of endothelial cells. The presence of this mitogen induced the uptake
of Dil- acetylated low-density lipoprotein (Ac-LDL) (Figure 7A) and production of
von Willebrand Factor (vWF) stored in Weibel-Palade bodies (Figure 7B). To induce
v-SMC differentiation, a known ‘recruitment factor’ for pericytes - platelet derived
growth factor BB (PDGF-BB) was utilized, this factor was proven effective in
differentiating mouse ES cells into SMC lineage (Yamashita J, et al Nature
2000;408: 92-96). Following 10-12 days of culturing in PDGF-BB, spindle-like cells
appeared in the culture. These cells expressed smooth muscle a actin (SMA) (Figure
7C). Other specific v-SMCs markers such as, smooth muscle myosin heavy chain
(SM-MHC), SM22, and caldesmon, were also expressed by these cells as revealed by
RT-PCR analysis (Figure 7D). These results indicate the potential of the cells
isolated herein to differentiate into an SMC phenotype.

Clonal Analysis

Single VE-cad” cells generated from hES cells were examined in order to
determine whether these cells contain common progenitors for endothelial and mural
cells. Single VE-cad" cells isolated from an enriched vasculogenic population were
recultured on a type IV collagen-coated 96 well plate. One hour following plating,
each well was visually examined (by both light and fluorescence) to verify the
number of cells plated. In order to study their differentiation capability, single cells
were cultured in differentiation medium supplemented with hVEGF, or with hPDGF-
BB. Single cell colonies could be observed following 8 days of culturing under
either culture conditions (Figure 8Ai). Plating efficiency was at 8%, lower than that
reported for the mES system (Yamashita J, et al Nature 2000;408: 92-96), indicating
the difficulty of culturing single hES cells (Amit et al, Dev Biol. 2000;227:271-278).

Cell cultures supplemented with VEGF predominantly included cells having
endothelial cell morphology (Figure 8Aii), while PDGF-BB-supplemented cultures
predominantly included spindle-like cells resembling v-SMCs (Figure 8Aiii), These
spindle-like cells expressed SMA and calponin (Figures 8Bi-ii). In the VEGF-
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suprlemeritbd e@tires, 270skeflthe cEidiwer2 i:Baarad&cmzeﬂlhyl viWF pegluetigreand a
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cells expressing v-SMC markers and cells classified as VE-cad" cells.

EXAMPLE 7
Human Vasculature within Mouse

Materials and Methods

In order to examine whether hES-derived vasculogenic progenitor cells can
be used to form vasculature in vivo, alginate scaffolds were pre-seeded with the cells
(as described hereinabove) and transplanted subcutaneously in SCID mice. Non-
seeded scaffolds served as negative controls. Two weeks following transplantation,
scaffolds and surrounding tissues were removed from mice and histologically
analyzed.

Results

As can be seen in Figures 9A-B vascular tubes which were formed in the cell
seeded transplanted scaffolds were substantially thicker than the vascular tubes
formed in the control non-seeded scaffolds. Staining transplanted scaffolds sections
with anti human SMA revealed the formation of functional vasculature of human
origin which contained mouse blood flow (Figure 9C). Similar results were
observed following subcutaneously injecting matrigel plugs containing hES-derived

vasculogenic progenitor cells.

EXAMPLE 8
The Effect of Shear Stress on hES-Derived Vasculogenic Cells
Materials and Methods
Human ES-derived vasculogenic cells, predominantly vasculogenic smooth
muscle cells (v-SMCs), were cultured in a flow chamber (as illustrated in Figure 10)
and were exposed to flow-induced shear stress for 24 hours. A closed-loop flow
circuit circulated sterile EC-differentiation medium through the assembled flow

2
chamber, which inflicted a steady, laminar shear stress of 10 dynes/cm acting upon
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the 20Hs. <2 P3ch Sixpglimenst mas dacodapaniedydryuel setic deontraD@snggict.
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Results

As can be seen in Figures 11A-B, the phalloidin expression reveals a typical
perpendicular organization indicative of mature functional vasculogenic cells
resulting from the shear stress. In addition, the expression of a-SMA (a specific
marker indicative of early vascular smooth muscle cells) was also substantially
affected by the shear stress. These results indicate that shear stress effectively

induces expression and organization kinetics of stress fibers, thereby enhancing

differentiation, maturation and functionality of ES-derived vasculogenic cells.

EXAMPLE 9
Directed Differentiation of hES Vasculogenic Progenitor Cells

Materials and methods

Human ES cells were grown on type IV collagen coated plates for six days as
described hereinabove. The resultant vasculogenic progenitor cells were transferred
to differentiating media containing high serum level (10%, v/v) or low serum level
(2%, v/v) and incubated at 37 °C. The cultured cells were allowed to proliferate and
passage every 5-6 days routinely. Following an incubation period of 15 days the
cells were removed from culture and analyzed by RT-PCR and real-time RT-PCR
using specific markers indicative of endothelial cells (EC) and vascular smooth
muscle cells (v-SMC). Primer sequences and reaction conditions used in PCR are

described in Table 1 below.



<220> <223> Single strand DNA ol i gonucl eoti de <400> 21

agccacat cg ctcagacacc 20 <210> 22 <211> 20 <212> DNA
w2m8m40863 | fi ci al sequence <220> <223> Si ngl e BCT/HIRG05/001050

DNA ol i gonucl eoti de <400> 22 gtactcagcg gccagcatcg 20

<210> 23 <211> 20 <212> DNA <213> Artificial sequence

<220> <223> Single strand DNR ol i gonucl eoti de <400> 23

t gaagcct ag cctgtcacct 20 <Zafel 24 <211> 20 <212> DNA

<Atk (0 U1 T 1 Kehctbn SEqURRMeR [ <220> <ZZ3>priversQl € St T and | Marke
DNA ol i gonugl eat hde #0895 |24 cgcacagctg gaggtcttat 20r Gene
<210> 25 <2115 730 <2125 'DINA <213> Artificial sequence
<220> <223> Single st "Md|DNA ol i gonucl eoti de
200 32 cycles, 23 F:TGAAGCCTAGCCTGTCACCT CD34
annealing at 60 °C, 24 R:CGCACAGCTGGAGGTCTTAT
in 1.5 mM MgCl,
331 40 cycles, 25 F:ATGGTGCAGCTGAGTCCTCC Tal-1
annealing at 55 °C, 26 R:TCTCATTCTTGCTGAGCTTC
in 1.5 mM MgCl,
362 35 cycles, 27 F:GGGGGAGGTTGGACTGTAAT Angl
annealing at 60 °C, 28 R:AGGGCACATTTGCACATACA
in 1.5 mM MgCl,
535 35 cycles, 29 F:GGATCTGGGGAGAGAGGAAC Ang2
annealing at 60 °C, 30 R:CTCTGCACCGAGTCATCGTA
in 1.5 mM MgCl,
512 35 cycles, 15 F:ATCCCATTTGCAAAGCTTCTGGCTGGC Tie2
annecaling at 60 °C, 16 R:TGTGAAGCGTCTCACAGGTCCAGGATG
in 1.5 mM MgCl,
596 35 cycles, 31 F:ACGGGATGACCAAGTACAGC VE-cad
annealing at 60 °C, 32 R:ACACACTTTGGGCTGGTAGG
in 1.5 mM MgCl,
790 35 cycles, 33 F:CTGGCATGGTCTTCTGTGAAGCA KDR
annealing at 60 °C, 34 R:AATACCAGTGGATGTGATGGCGG
in 1.5 mM MgCl,
200 32 cycles, 13 F:CAGTCTGACCAGCGTGAAAA ACI133
annealing at 60 °C, 14 R:GGCCATCCAAATCTGTCCTA
in 1.5 mM MgCl,
700 35 cycles, 35 F:GAAGCCAGCTTCCACATAAC VCAM
annealing at 60 °C, 36 R:AGTGGTGGCCTCGTGAATGG
in 1.5 mM MgCl,
965 35 cycles, 1 F:CCAGCTATGTGAAGAAGAAGAGG aSMA
annealing at 60 °C, 2 R:GTGATCTCCTTCTGCATTCGGT
in 1.5 mM MgCl,
671 35 cycles, 3 F:GAGTGTGCAGACGGAACTTCAGCC Calpon
annealing at 60 °C, 4 R:GTCTGTGCCCAACTTGGGGTC in
in 1 mM MgCl,
179 35 cycles, 5 F:AAGCCAAGAGCTTGGAAGC SM-
annealing at 62 °C, 6 R:TCCTCCTCAGAACCATCTGC MHC
in 1 mM MgCl,
302 27 cycles, 21 F:AGCCACATCGCTCAGACACC GAPD
annealing at 60 °C, 22 R:GTACTCAGCGCCAGCATCG H
in 1.5 mM MgCl,
595 35 cycles, 19 F:CAAGCGGTCGTGAATGACAC mCD3
annealing at 55 °C, 20 R:CACTGCCTTGACTGTCTTAAG 1
in 1.5 mM MgCl,
Results

As can be seen in Figures 12-13, high levels of v-SMC markers (a-SMA,
calponin and SM-MHC) were detected in cells cultured in high serum media, while
the expression EC markers was substantially downregulated. On the other hand,
cells which were cultured in low serum media exhibited high levels of EC markers
(Tie2, CD31, KDR (VEGFR2), VCAM and VE-Cad, while the expression of v-SMC

markers was substantially downregulated (Figures 12 and 14).
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<400> 25 atggtgcagc tgagtcctcc 20 <210> 26 <211> 20
<212> DNA <213> Artificial sequence <220><223> Single

wa@ aoand)7BNA ol | gonucl eoti de <400> 26 tctcatt ctPCT/IL2005/001050

gctgagcttc 20 <210> 27 <211> 20 <212> DNA <213>
Artificial sequence <220> <223> Single strand DNA

ol i gonucl eot i de <400> 27 ggg@baggtt ggactgtaat 20 '
<210> Ipgddizion>vapoulagenicpogienita? t8Hs whichf Were gleneratgd engwatrigel

220 223 i ngl t d, DNA ol i | eotid 00 .
I A I e S B L
Bﬁfﬁg‘niﬁﬁﬂtiyf\ja%tﬁir SHRIMUERGS] AR orBRASZy N FIglE 15A5.204 the other

| i gonucl eoti de <400> 29 ggat ct gggg agagaggaac 20
dand>when re-cultured in high serum differentiat?ng medium they proliferated

continuously and exhibited high rate of vasculature sprouting of along with intensive
tube-like network of endothelial cells (Figure 15B).

Hence, the results clearly show that hES-derived vasculogenic progenitor
cells can be induced to differentiate into EC or v-SMC by their culturing in
differentiating media including low (12%) or high (10%) serum volume

concentrations, respectively.

It 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.

Although the invention has been described in conjunction with specific
embodiments thereof, it is evident that many alternatives, modifications and
variations will be apparent to those skilled in the art. Accordingly, it is intended to
embrace all such alternatives, modifications and variations that fall within the spirit
and broad scope of the appended claims. All publications, patents, and patent
applications mentioned in this specification are herein incorporated in their entirety
by reference into the specification, to the same extent as if each individual
publication, patent, or patent application was specifically and individually indicated
to be incorporated herein by reference. In addition, citation or identification of any
reference in this application shall not be construed as an admission that such

reference is available as prior art to the present invention.
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23 <210> 34 <211> 23 <212> DﬁA <213> Artificial

espukagenic progenitor cells, comprising culturing the vasculogenic progenitor cells
in a differentiating medium including a serum volume concentration higher than 5%
for a time period sufficient to induce differentiation of the vasculogenic progenitor

cells into the vascular smooth muscle cells.

2. The method of claim 1, wherein said vasculogenic progenitor cells are

derived from ES cells.
3. The method of claim 2, wherein said ES cells are human ES cells.

4, A method of generating epithelial cells from vasculogenic progenitor
cells, comprising culturing the vasculogenic progenitor cells in a differentiating
medium including a serum volume concentration lower than 5% for a time period
sufficient to induce differentiation of the vasculogenic progenitor cells into

endothelial cells.

5. The method of claim 4, wherein said vasculogenic progenitor cells are

derived from ES cells.
6. The method of claim 5, wherein said ES cells are human ES cells.

7. A method of enhancing differentiation, maturation and/or

functionality of vasculogenic cells, comprising exposing the vasculogenic cells to a
2

shear force of at least 1 dyne/cm for a time period sufficient to enhance

differentiation, maturation and/or functionality of the vasculogenic cells.

8. The method of claim 7, wherein said vasculogenic cells are vascular

smooth muscle cells or endothelial cells derived from ES cells.
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