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WO 2006/040755 PCT/IL2005/001050 NOVEL METHODS FOR THE
IN-VITRO IDENTIFICATION, ISOLATION AND DIFFERENTIATION OF
VASCULOGENIC PROGENITOR CELLS FIELD AND BACKGROUND

WORMIHEINB/ENTION 5 The present invention relates to noval'methosisoiose

the isolation and culture of vasculogenic progenitor cells from stem cells
and more particularly, to methods foy use of vasculogenic progenitor

ﬁ%ﬁﬂ.ﬁ}% Y,
technlques ave been dev 1leﬁlch allo umar%@ﬁ%%%iﬁlglgtgr#}m
cells t@?&ﬁgﬁﬁiﬂé@ﬁt% W@@Bﬁ@@r@&@%ﬂiﬂé}ﬁﬁmm io

induction of differentiation in a directed, tissue-specific manner
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complete vasculogenesis; and Penendothellal smooth muscle cells that
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specific phenotypes remains a crucially important goal.

B

Blood Vessel Formation in Embryonic Development and Adult Life

In the early stages of embryonic development, vessel formation occurs by 2
process referred to as vasculogenesis, in which mesodermally-derived endothelial
cell progenitors undergo de-novo differentiation, expand and coalescence to form a
network of primitive tubules (Yancopoulos GD et al Nature 2000,407:242). These
blood vessels are generally composed af two cell lineages, each serving a different
function: internal endothelial celis that form the channels for blood conduction, but
alone cannot complete vascuiogenesis; and periendothelial smooth muscle cells that
protect and stabilize the fragile channels from rupture and provide haemostatic

conirol (Carmeliet P Nature Med 2000;6:389). A third cell lineage, the
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differentiate into the blood cells. In the vertebrate embryo vasculogenesis

occurs in the paraxial and lateral mesoderm, giving rise to the primordia

of the heart, the dorsal aorta, and large vessels of the head, lung and
WebdwoiEstinal system. Angiogenesis 5 involves the maturatiohiags/001656

remodeling of the primitive vascular plexus into a complex network of

large and small vessels. Angiogenesis also leads to vascularization of
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Angiogenesis Is also required postna for normal tissue growth, and
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placenta, and during wound healing (Risau, et al Nature 1997;
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hyperEroliferation in_ atherosclerosis, neovascularization in tumor growth
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v
development. Embryonic Stem cells are difficult to mairitain in culture,

teiimates apafianstoapatbife leptanelonss eng ol et tiratireal gt fibhature

11664259 91 . Riasiamy Stk Fabmicallyiorousen slayer of mouse
embryonic fibroblast "feeder” cells to preserve their undifferentiated

phenotyBbartiisiEreatastis/ Geditdr-Efifecurr 30 Opin Cell Biol 1995;

7:862-69)sd4NiGRs R H:AfereNAR i QM YORIAM¥niStasteal! celis
types can be induced by coculture with stromal cell lines (Palacios R, Pt

SN S YA Bb S187 575503 PRmifiTd 851 SEpstParas kY ggmoro K et al
finrenectinpiammirssWO 2006/04Qnb3 CHikt2a05001Qbemdenllages; al

Sy S Yoot or n el ol
regriditains (Condorelli G et al 2001;98:10733). While the nature of differentiation
and development of endothelial precursors is not yet fully understood, it is becoming
clear that hematopoietic development and the generation of vascular smooth muscle
cells (v-SMC) are tightly linked with vascular development.

Embryonic stem cells are difficult to maintain in culture, tending to
spontaneously differentiate. For ongoing cultures, cells from the inner mass of
blastocysts are typically grown on a layer of mouse embryonic fibroblast “feeder”
cells to preserve their undifferentiated phenotype and proliferabilty (Kelier, GM Curr
Opin Cell Biol 1995;7:862-69). In mice, early differentiation into embryonically
distinet 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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differentiation into three germ layers (Keller, GM Curr Opin Cell Biel 1995;
7:862- 69). 5 Murine Embryonic Stem Cells Study of vasculogenic events
in murine ES cells has been instructive. Both hematopoietic and
wenootheliaiells have been observed in blast cell colonies genanaiedootoso
from mouse ES cell-derived embryoid bodies (Choi K, et al Development
1998;125:725). Also working with mugine ES cells, Nishikawa and

colleagues io demonstrated that 3- g‘do _@t—;}r’y id body formation was not
Feocgﬁﬁ ed Fg?qﬁ %?gﬁtigigka?oﬂg?é%aﬁg méso‘dgfr?)néjc?e W@ TR SE on of
roThagoretatediipustsemboryemibmyelts weies')réii, otemaniiagen regional
Jbstrate .cells expressing vascul dotheli heri - were
S T e e SO PR e
$998;125:1747, Nishikawa Sl et al Immunity 1998;8:761, and 15 Fujimoto

T, et alﬁmggﬁgga)&%%@&&%} Where markers of smooth muscle cell
(SMC)p%genot pe (e.g. surface markers and morphology) are observed,

early éhagﬁwéﬁwlosm@@é@%wimﬁ% b deidegiaravab&pth

tRmbeRIGNN 101 tansmhifereriate.flamstig esdethelium (RUenhergtinies
de-Groot, AC et al, Atheroscler Thromb Vase Biol 1999;19:1589), and
ESFarIEem 1SR TRt S e P RBRY ik BaftiFprol@nitors tEiRwesippenent

qodetheliabend ameoihamscivitElseaRr beerRhsERVERdVARashitac8les
al Nature 2000; 408:92}. However, attempts to directly extrapolate from
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iofllaatiBigteasdaan <Ry e wpere oL crReSam ARt GuiesP eniBrasaic cells

species specific (see, for example, Reubinoff BE et aJ, Nat, Biotechnolog,.
e U R R R e e
EMibrydnic stem fonkS)ccelies the: tashetatspeaeiiic glbwilfddkamee SEptar al

GFR 2 (FIk-1/KDR) i p d in yndifferentjated hum mbryonic
PRSI At oR A A IR R G
degsntt haredseaarifgithadirsbwée ek of Wifteeentidtionof severtbengicB etll

Q02;99: - indicat] iming. of 30 FR

SRS el S s hlERG B RO e ey Sy
Réstondeie! NisHikasws Btieted] Cilrrein @il BibsitROE 188625619 shown to
Leverher et Al (evenberd Sahat BNASHISA2002:99.4391-96) fughey;
reported that other WO 2006/040755 PCTIIL2005/001050 4 endothelial
MEIREEs s afanPa d@srabesld bPT8IK: - cadhe rindVvELRaentiatignp et eetbryonic
epgdotielialsealhaghesionmatacule it (REGAIIE R balR6ie 3304 18WENY can

the first week of hES differentiation. Clearl(}/, coordination of expression of
é)ﬁ%iﬁ@served (Yamashita J et al Nature 2000; 408:92). However, attempts to

directly extrapolate from mouse to human EC systems have met with disappointing
results, indicating that many developmental processes and requirements are species
specific (see, for example, Reubinoff BE et al, Nat. Biotechnolog. 2000;18:399-404).
Specifically, in contrast to it’s expression in mouse embryonic siem (mES) cells, the
vascular specific growth factor receptor VEGFR 2 (Flk-1/KDR) is expressed in
undifferentiated human embryonic stem cells (hES) (Kaufman, DS et al PNAS USA
2001:98:10716-21) and does not increase during the first week of differentiation
(Levenberg, S et al PNAS USA 2002;99:4391-96}, 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, 5 et al PNAS USA 2002;99:4391-96) further reported that other
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endothelial-specific factors, in the appropriate combinations, are crucial to
human 5 vasculogenesis. Human Embryonic Stem Cells Human
embryonic stem (hES) cell lines were first derived in 1998 (Thomson, JA
wetah8eietise 1998;282:1145; U.S. Pat. No. 6,200,806 to Theorsanees/adioso
U.S. Pat. No. 6,331,406 to Gearhart JD and Shamblott MJ), and have
recently been induced to 10 differentjate in vitro in a cell lineage-specific
mannper.(Schuldiner M et al PNAS 2000:97:113Q07-31 ternational
Rt S W Todt e, Rty el Ty R E S et
mdivitainethesB adingsinic s@niudell (RERGEE TRIdLg houkaserhdrethg che first
daublips Hmessanddilferantiatadal eRBEORG U IBGROERINGY specitic
provide a potentially unlimited source of cells for study and clinical
applivatisnsresiBo thdiemato gisicivmnd ae gothelialioal, differaivialtiontivavs
beenighsgied in human ES cells. To date, hematopoietic differentiation
of the hES cells has required coculturing with either the S17 (murine bone
marrow]BrenEepmisaiedntstiiclial) stromal cell lines, inducing the

appeaBReRPERHRIGE B IAEIS ML OReialsH FeHeiSRABEICSHECS Rk hn,
as cell surface ant%gen CD34 and hemato%oietic colo%formation 20

(RefiPhaRi P &t aFPRAS DSADIBE; 08-10746890) 1 Taemna st ebdns: Pat
study,3 Bsimthe (adcriis yweradssiraipdiwoelsarting (EAGS) feerinumano
ryoid badies (EB) using.monoclongl antibodieg raised agajnst t
R ST o PR L B S R AP S ENAS
20029914 3071-96). [hkenstteni e REQAMaliore MDYDI 0336 dy2de Beedenisty,
BD)SlceIIs ?ibit d endottheli |-s e%ific 25 cttlaract? istlilcs such as vo ‘
bV At S I EEAUPEN SISE a7l ISR dniiion
wesdeidikef chrabiormntitios, whe nicistentéato m aaloftsupstiatee!(Niatriged). they
PE -1+ D .cell urther.o forming vascular structur
R e o g R e M on
iRgpalmamttpintt ST mivbelidbordvEfeatingbting beoybearnberred! in human

methods for 3Qydifferentiation of NHman, Ewi eI .S 1tHes CQENIHINGEWIR. 4
non-human cells or embryoid body formation prior to appearance of

epRIdimana Mg Repidighis, Sl mine Rene sriseenEEll Sd il ok selbdhdinl)

3eepiing e pndothalialcall markess NP KA08/04A4RR hematopoietic tissue
PCT/13.2005/001050 5 rendering them both costly and unsuitable for

SR ERISHG P IReRTsr frpR AR G bend dvakiageistis 6! pryfamaion

sitapfified, ossexnepsing rosthorhof oulturing.? selecting.and-direetiiGstudy,
differentiation of human embryonic stem cells, without the limitations_ of

SBURGHRLFE IRV BRSIADREREY 5P roftd FEBa R SdlexnBR O1d bodies

(EB) using monoclonal antibodies raised against the endotheiial-specific marker
PECAM-1 (Levenberg, S et al PNAS USA 2002:;99:4391-96). The sclected,
PECAM-1+ embryoid body-derived (EBD) cells exhibited endothelial-specific
characteristics such as von Willebrand factor, VEGFR-2 and VE-cad surface markers
and primitive, vessel-like cord formation when cultured on a soft substrate
(Matrigel). PECAM-1+ EBD cells were further observed forming vascular structures
in-vivo following seeding on biodegradable polymer matrix sponges and
implantation into SCID mice. However, all of the abovementioned methods 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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5 Prior art discloses a number of techniques and methods for preparation
and use of embryonic stem cells for differentiation. Early techniques
required inner-cell mass cells from blastocyst-stage embryos (fresh or

wergapregesyed) as a source of stem cells (see, for examplepOternationalso
Patent Application No. WO 0129206 Al to Cibelli et al; U.S. Pat.
Application Publication Nos. 20020045259 Al to Lim et al, 10

oW . rs.re regation of th A
g R e ST S i
yeesA dordiaRagerisApplicaidert Mo O0TB0XPASIve tskiovdtzfRidor e,

and Bepvenisl.Mny ariays.meitieds fondifferaniation efstemCalianBu the

culture have also been disclosed. International Patent Application No.
Wroteriss o gusrerarato embpigilibaticn PupRRiRINGS 20050619894

Al, andpl|3.Ra; Nes& 28Rhb8: 8l fQkAuiman Rl diteIpRe MBI ds

of differentiating human embrr%{onic stem cells into hematopoietic cells by

L8R Gt FretRER st enin G RrPReNOy  Sapaiertniapplitaibid inner-cell
RublicationdobRAB2AN2325E erib i StHBIMaNaybhREANIBC888 IR of stem

identification and isolatjon of the vasculogenesis-related gene Vezfl in
L (S5 26 FeRbEs Freranmd eeh éﬁﬁaﬁoeeﬁ@aﬁéﬁp@&?@é@l o
ltasetl enaV ezfherpressisiftatAls @ shticlasadvye pietds foy modulpiingt al,
i s, and diagnosis and treatment of vascular disease and .
A A R R R R R FHEECHBR O e s et
andwyodificdiion fof |alsiod \bé zdiffetiasatsn Heawe Ver, dhmntrds) Siyeniatin]
| experiments descri restricgted to se.embryoid bo ells
R B e e SR Bt
used. Fiatiesnmsthodefectiviismutandingftotthe cdilelosundyis bavihelsabisn

O YRR DI AUNO AL UEISOE, MO RPYADENIONEdy s pyy
¢ Ak

limitations of aggregation and immunofluorescent sorting. U.S. Patent

Aypication PulbiteatoMNuo20BI9066%7 24 4ind CarplaiteNoMiREaG1S, all to
Waeigags Metnads el diitermiRtion ARt SRIsco R o DA FIRNEN G elis

neural progenitor cells, and therapeutic, diagnostic and investigative uses
e dismaneoigiic rabourae tHeurdtbioaamdieeciitoms redonshitdtivatent
tRppaRYieh RNEXARRINIVENRIBAISH 70D R SHihlRAIR/B0d0R048:NEHI Bhe

degenerative disease, are also derived from human embryoid bodies, and

adeniifiralitaqean dsebkas Ph oy iReeKsss iR st e eetion driseurar

calusRRGHCsaRatkerst MdAM NN BRd Dimilaulys ntRmationalPatpRtsion.
%%%!:éation WO 0181549 A3 to Rambhatla L and Carpenter MK discloses

BE PSP ARG St PBI B R Bty Pt ARt BB g ment
differentiatidizéato bepakagyiem in a subject, the methods employing detection,

measurement and modification of levels of Vezfl in tissues. However, the transgenic
ES cell experiments described were restricted to mouse embryvoid body celis only,
and neither human nor any other primate embryo cells were used. Furthermore,
selection, according to the disclosure, is on the basis of Vezf] expression, thus failing
to overcome the abovementioned limitations of aggregation and immunofluorescent
sorting.

U.S. Patent Application Publication No. 20020039724 Al to Carpenter, M K
discloses methods for differentiation and selection of human embrvonic neural
progenitor cells, and therapeutic, diagnostic and investigative uses thereof. The

disclosed human neural progenitor cells, for reconsiitutive therapy of, for example,
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lineage cells. No mention is made of non-aggregated hES origins, or
simplified methods of progenitor isolation in either application. Recently,
Benevenisty (International Patent Application WO 0210347 A2 to

wBenvenistyy disclosed methods for "directed differentiation” f heamas/oo10s0

embryonic 10 stem cells by treating aggregated, embryoid body-derived
cells with exogenous factors, enriching the cultures for a specific lineage

%%Hry.pd% érrpe?a(g%go i%elaj‘ssee dar\éc\/eatlieo FQP v (i;"rf(];eCtI%{rSn gll}gtg r%n i%tég{tl:’s,s 5’1%1 are
as retinorc acid, neuronal growﬁw actor, epidermal grow tac or,
fiblestid strgrowthidd crorpwling dnaaiftesontiatibdateatiodetémemadeby elescific
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geneRIedNCR SWRthas Hirparhag: ﬂ&%&@ﬂdowm&éfynﬁquﬂgﬁ Rbatocyte

hematopoiesis and vascular growth from mammalian adult an

ii3aFo Pl meNecmmi il S RinP e SMEHRIURERD Y RO eseudified

ehdeas riFasemBIIgieR NecRHE U R AdRE stem cell environment, via
external application, or genetic engineering, for example, is disclosed for

either BRI gHSPENFISRHIRE IR AR ARSI SRPHFRIIER VESCUHAF HbteMtise
Hestameel gikeiotiategRiiatdr-diageqsis afdisgasesinwelvingaaleathrvonic
abnormalities, hypervascularization, neovascularization and .

A DR T R SRR T ST 98 B St gRgsRous
éntorgoaicididagebasiropesad: seecfariiptegasiligypuniae &duwtoised were
embryonic cells ar %@%&%ﬁ&éﬁgﬁ and no methods for culture or selection of
non-aggregacied embryonic sterm cells, deS|gnedato overcome the
abakenmdngionedl [frcistidilsoblsdigeiose dadthns stherendxiliffeee miretbfomas
implified,and,inexpensive method for in- 30 vitro identification .
e RN IR, B TR Dot (9 SRR Ol apeciric
wthadeandithieerogenitor cells isolated thereby can be used for in-vitro

vascul .§D9§£'.eﬁgﬁﬂcéﬁ%ﬁtﬂﬁﬁ‘ﬁ:9&&9'il%?%%'l@6‘91@égtﬂrﬁ%v%%r?g}l?ﬁvﬁw 4,
hematological abnormalities, for evaluation and development ot drugs

slifslansg hadealef axcangivorisidprobessas send rordusthsrdhve Stiefasbng.

ipfgrtisgie gigreptiationigRdodeyelapmentoRHMMARY: Qfial HEowih  from
INVEN'I'_IOlééAccordlng to one aspect, there is provided a method of

SE et SRV TS EBIR - fotcdatiet sgEic ragutaim of
CR S RMMATiALAg Ze@ac&ﬁﬁ%gi&ﬁgﬁf%@@&@geﬁ RUMAROL I BRI B nmient, via
embryonic stem (ES) cells under conditions o )
external application, or genetic engineering, for example, is disclosed for either
enriching or diminishing the hematopoietic and/or vascular potential of stem cells for
treatment and  diagnosis of  diseases invoiving bicod abnormalities,
hypervascularization, neovascularization and revascularization of tissues. However,
although treatment of human embryonic tissues 1s proposed, no examples using
human adult or embryonic cells are presented, and no methods for culture or
selection of non-aggregated embryonic stem cells, designed to overcome the
abovementioned 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



preventing ES cell aggregation and inducing differentiation of the human

or primate ES cells into vasculogenic progenitor cells, thereby, obtaining

a mixed population of cells including vasculogenic progenitor cells; and

(b) isolating cells smaller than 50 m from said mixed population of cells,

said cells smaller than 50 m being sa]d vasculogenic progenitor cells; and

(c) culturing said vasculogenic progehitor cells smaller than 50 tm in a
heroliffdreitidtibgomediting, |lﬁmiwdmgaacﬁnmdth\emmpdﬁeﬁetbﬁiﬂﬁfqeaﬂaﬂﬁmgfaamﬁlo~
andf an 1(}”@1%& eriod suffICI b tf;[)? Itnrt GF %Iﬁ S attl%tlnopn fquse Vagcf%l e%% ion _and

progenitor cBlls Thnto the vascular smooth niuscle cells. Ao disciosed 18 &
deviglepiesdhof preparing vasculogenic progenitor cells from undifferentiated

ES cells, the method effected by culturing individual undifferentiated ES

cellsi in @ manner swtable for inducing differentiation of the
SUNHYiteB re AtialddEE S MENTHN vasculogenic progenitor cells, thereby

obt%@&&@a@li@dy@@@@iﬁ@mﬁér@e@ paRdddgolatingicglivenaieaiban wlcular
tm from s(gud mixed population of cells, said cells smaller than 50 tm being

BcinEEERiS B gL ritor BETIEOATALS dRERRSASATis S e tHBRPEH PG p&tingulturing
unc&ﬁ*ﬁiwhatemogamﬁ@r oellgifianme uadﬁfgﬁﬁmlat&@lE@&)HS:eme meiodonditions
effecte yculturl individ aI ndefer |ated a manner

preven ne%a Ha &1’1%} UCH f ere k’? ! imate ES
stitabte for m difterentiation of the unarrerahbate &I RS
cel Maﬁ@mIwenicggl’@gWlﬁ@ﬂs:ﬁh@rébg@bﬁaubﬂagmmmad@dmdauhn@f of cells

incleR lr?g %Qecﬁﬁg%%ﬂlggsr%%%m%ﬁM}é@m fJ %%aégawﬁalepgﬁs 4 A from

cells; said ce erthan 50 m" being epithe |§I progenitor ¢ o)
Salca@eq@ge%p@lmﬁétﬁw%hpﬁéphﬁﬁ@ soraBgic thallsSPormabggusaiibmareulegenic
pro¥8Ses IRQIG RS ‘PQP&UIQ&Q@'%H‘%E@@I@%@E’%%@%W QRIRIGALIB: than 50 wm

population of vasculogenic progenitor cells; and culturing the gopulatlon

in %ﬁ%fé%r@ﬂ [GesicstbgeRdr B AR B Susske Y hfiEasneAUgrdasiar for 2

tlméap&ﬁbﬂwﬁaﬁ&%fﬂ rinchdcing dEatic sl siffesentiotioneAilsprdissinseddssanto
d of eneratln cular smooth muscle cells from vasculogenic

the r\f?(%a%?ﬁlft%nrl ]i‘smFﬁ %nggﬁ%od is effected by culturing the vasculogenic
progemitatisaliscih & differghtidtiof prgeliimg inetadingeaisesurgenialtimdis from

und‘fﬂg%%ﬂgt%g%ma e‘%ﬁQ%‘a?aé‘anff@cEé@ %{f&glﬁéﬁﬁﬁl%n&uqrdn%%pe%t ﬁted ES

differentiation of thé vascu ogenic progen ItOI’ ce Into vascular smoo
celligstfapedissusiddcoietiodeetis difrreentationgdribeatingiBncrottietid Tells into

vasfhapEMAsChioganic: ProgeNiRt SR ISENRiRe a mixed population of cells: and

isolating cells smalier than 50 wm from said mixed population of cells, said cells smaller

than 50 pum being vasculogenic progenitor cells.

Also disclosed is a method of preparing epithelial progenitor cells from
undifferentiated ES cells, the method effected by culturing individual undifferentiated ES
cells in a manner suitable for inducing differentiation of the undifferentiated ES cells into
vasculogenic progenitor cells thereby obtaining a mixed population of cells; and isolating
cells larger than 50 um from said mixed population of cells, said cells larger than 50 um
being epithelial progenitor cells.

Also disclosed 1s a method of preparing somatic cells from a population



method is effected by culturing the vasculogenic progenitor cells in a
differentiating medium including a serum volume concentration lower than
5% by volume for a time period sufficient for inducing differentiation of the
vasculogenic progenitor cells into endothelial cells. Also disclosed is a
method of enhancing differentiation, maturation and/or functionality of
vasculogenic cells. The method is effécted by exposing the vasculogenic
of Zasellfolreaisieaptaioe obHt lehsticdyn@ieifedasdttimebpafiog supligiahition of
vasculf'o nclzlelcdlfferenufs\tlon d[patura on pd/or fLiEctlonah%tof the0 f asculo enic
vasc‘[é?ogen?c ‘el Riso giselosed i€ a method ot Bré’parlng vaScula &
progsniwrthel inenhibe prefteciedibyt hstiningapepufation csmzabwliagemhzcmg
Smﬂg%eggfpaﬁ?él%n@ﬂg&ylturing the population of vasculogenic progenitor

cells in the presence of at least one vasculogenic and/or angiogenic
grom?tﬁ‘?a‘é’tﬁ’loéﬁ@é? aonethionoLarapiatio? rrfssilg vaseiamisslecells from

sdiffiRiertiation. AcaasHing IR furthelfeatutrsdn prefatred-ambedinieisng the
described below, the population of v, |t%sculo enic progenitor cells is

Bifn BOSRMI)iFoVlas I driFHHSFE B Sting cdigging terum
votyeﬁéucﬂnereiﬁmums lﬁgafefeimd smbfidimeisedpseiddestibtowntther inducing
chfPerQu Jation of gsculo enlc enltor is cultu fd .on a 3- d| ension

Sc

alfo (P%CC ]Iﬁgv O Sl lﬁ) Pfegﬁ?r% rIr(]:ﬁp %fgﬁ%dvg?ﬁg(ﬁﬁllﬁgﬂi) muscle

celtbescribed below, the vasculogenlc and/or angiogenic factor is selected
fro st f a othel th fac VEGF
g e O Lol s enic

progppgblastigrdieh factor (FGF), tumor growth factor (TGF) and placental
growth factor (PIGF). Also disclosed is 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. 9 According to further features in preferred
embodiments described below, the factor is a substance and/or an
environmental factor. According to yet further features in preferred
embodiments described below, the factor is a putative angiogenesis
and/or vasculogenesis downregulator, whereas the method further
includes culturing the population of vasculogenic progenitor cells under



conditions suitable for promoting angiogenesis and/or vasculogenesis.
According to still further features in preferred embodiments described
below, the factor is a putative angiogenesis and/or vasculogenesis
upregulator, whereas the method further includes culturing the population
of vasculogenic progenitor cells undgr conditions limiting angiogenesis
and/or vasculogenesis. Also disclosed is a method of relieving or
mefsl entifigaedabe ulaltdisgate oracohgition ipragemammalisnisubjéictetieiating
me @S ARLRIRREC0%APUAING BREBHIANER RluESFIOIRNIE RGRNIRL o time
cells; and administering the vasculogenic progenitor cells into” the su ject
perigddetbisisaiisisdble dofaaniakigh g ldifie reptalesr o theogariserogalidnto
endBtR@enitangells into endothelial and smooth muscle cells. According to
further features in preferred embodiments described below, the vascular
diseAk® dHidfttiolt i8 sBRIbaY o BRBrbth EHHERRIRY O cattwirian and/or
funyaseutiey ddiseelgrseacqned vasawalodisosdRiscang ischemiairepakiisiaRnic
linjury. Iso d'sclose%d isla me}th{?d of vas ularizi_gng a Jma‘?m?fan tissue,
Clth & niethey é‘f’f&%t% By'Gbtainihng'8 POpLtatdA BFV BSOS AMIE Brode ritBF e
diffeetig ieOntaotingrthion wastul dgemnienplog efitor cels witmtheshammalian

tissug un onditi [ for_stimulating. differentiation of,the . .
s e e B N B S o
obtpourdimgnolitich et fennwesdanprsfereitoe sibbdrné ndeseribe doriwon of
vastifo AR MYIRATESUES a0 BROIPRIERE. NANAaRCIaLHsSUEMBE&HOfnd/or

vascularization and/or an embryonic tissue. 10 According to further .

- ANGRERINES FOPTSfeRE e nBoin S iRk rivdaeIoW, tHE SRR G thidssue

difnasaulagenic progenitor cells with the mammalian tissue is performed in
vitro or in vivo. Also disclosed is a method of rejieying or preventin
oAU 6iVAE ol TB AT AT PR ATS C GE e b e

popeffatied Dysbiddainicgpapulatioredf wasdulngeiic progesital, celispandation-
administering}the vasculogenic progenitor cells into the subject under

t diury. . : - e .
Proggnditions suitable for stimulating differentiation of the vasculogenic

progessitedioglis irtoferitiotiesialenit brsbared|knhetiorditydestuhbbeiow, the
po_;{j&ﬁ{%‘?ﬁﬂ Qa@ﬁ%f&%&:%_%@ﬁi‘f&eﬂt&%?&d’ Bed belgw,the.ematglpgical

isease or condition is selected from a group consisting of congenital

bloodicamsBierets, HoliirdardRsber eidbrissrefbaimipdistige e smtped below, the
vasBERRIRlIGinaasa: AceRrdingotoi fuherde ature shin RLrisEeskisting of vascular

embodiments described below, obtaining the population of yasculogeni(f;
end@é]ﬂ%hi%[ é&f@\@{gdfw%umjﬁﬁs%aﬂgwgfetm (Ang), platelet dertved growth factor
(PDGF), ephrin (Eph), fibroblast growth factor (FGI), tumor growth factor (TGF) and

placental growth factor (PIGF).

Also disclosed is 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 celis; 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.



undifferentiated ES cells in a manner suitable for inducing differentiation of
the undifferentiated ES cells into vasculogenic progenitor cells thereby
obtaining a mixed population of cells and isolating cells smaller than 50

pm from said mixed population of cells. Also disclosed is a composition of
matter comprising a substrate and a population of vasculogenic

progenitor cells, wherein said vasculogenic progenitor cells are prepared
fromundifferentidteth& Seelissbyia mefirod effabtedhinth el stefis:dcbitlaingthe

g individu%l undifferentiated ES cells in.a manner suitable for inducing
.actgihxs a sybstance ?r%ﬁ(?or ang?wron .E{ltg] ACTOT, . . .
ifferentiation of the undifferentiate cells into vasculogenic progenitor

cellgsiiserding tbtain fmgigmfm@regdpm@ﬁmdfmug@mnmwgén:glow, the
facM'S! HARRY ThIRTAR MG P@&H@Hg&égisc‘aﬂ%wﬁ G&IS SMalLE e

than 50 m being vasculogenic progenitor cells. According to further

metfeosh frathes Brarclieaueniba hiePtd Hade st o HEIgRe s HaBawie Galls under

condaieated fom 1begraii consistibeelimaltiael cellagen«grl, and polymeric
scaffold. 1]. According to still further featgqrﬁes in preferred embodimen

) 2 t
desOifRY B8IBWHWHEE dRBHERC ProgETEsy ¢ahe AR G B the
facisubistigieda manngensd asntd dnddes: | vaseulangeye bomenkavininhh eethod
furtgubstra e ACCO{din ot{]lérther frizatures {n Qreferred embodiments

eschi °L“§%§e|8‘\}v‘,%‘i%%g heatOBGICAl diSeass o condition 15 Salacted oM Ie!
condigroa piconsistingogtoorgenital \alsoibdisesters, acquired blood
disotglersy;closing -Fé'saoﬁ‘il%{ﬁoﬁnan%‘?i%'\ﬂﬁgcoq'ﬁﬁ%&tﬁa%cgr%l%&%ﬁ( Qisease o

further features in preferred embodiments described b&low, culturing the
conigiRAd i PuRaFeRitatebi €6 dedignstbor @dertsy dubjeiHy e population of

vastdiftarentiatedi s cells gg@tatﬁﬁﬁ@eﬁn%o@@i%@cﬁﬁi%&@ HFOBRABF QMRS into

__consisting of avoiding ag%;e%ﬁtion of ES cells, growth on collagen, cell .
the SURHF BOCEPRFIHBR SUtBEN 02 e tion BHAS X0y Quiremoldhe predneric
progérditfecentiatiornueglis) ml. Adcending teustilt kotber features in preferred
embodiments described below, the undifferentjated ES cells are human
AT L o o 1B G SRt I LR gl the
vasvalsculiacdissuecdhditimeihodieffettédriy subjpcting hayascuagdissliedsoular

dis 8&%‘@%@9&%%@8949&19&%&8@Qﬂ‘.ﬁ@%&%@éﬁ%ﬁé%@s%ﬁ%ﬁ%. fissue,
thereby obtaining a mixed population of dissociated ce % nd isolating
celldsimalies!theh BoanMetond salidv mbed igBisu o IRGENs Uajge, the method

effdisglased iRAMe thod GhpERRrng eatthrlRl et Srmursear dReigitbane
method effectecfby subjecting the vascular tissue to conditions designe

vasgylQgeRis RERE B IR DM It i SR Al L Esthe reiFo RRARIR & fHillabde for
stinRQpuhatiaref dissesialead wellSasculogenic progenitor cells into endothelial and

smooth muscle cells.
According to further features in preferred embodiments described below, the
mammalian tissue is an engineered, non-vascular tissue in need of vascularization and/or

an embryonic tissue.



thereby obtaining a mixed population of individual cells; and isolating cells
larger than 50 pm from said mixed population of cells. According to
further features in preferred embodiments described below, the vascular
tissue is human vascular tissue According to yet further features in
preferred embodiments described below, the cells smaller or larger than
50 m are isolated via filtration, morphometry and/or densitometry. 12
Accardingite still furtieer feature sinpedéere cmimzboienente degedbbelow, the
congagk%’ 5?%'.‘{7 k‘kﬁ‘ogeﬁﬁe&%deﬁ’ﬂﬁ)&fé'ﬁ aying %R&Eﬁaﬁﬁ t?afﬂfé'%f A8 med
m. Also disclosed is a cell culture comprising a population o
in Wigeeulbgenic progenitor cells being sustainable in a proliferative state for

at legsth 1 davsaRd, belng capable aldiferentalinn ANesmagtimistise or

endothelial and/or hematopoietic cells upon exposure to at least one
cong ittt tBRERIRERY FBiFCth & gratshednel&ste oty A8KIRIP S AdUtREREPD of
vas@iRwthitagtopdyike bdangiancistin{Ang), plateistdesied growthibacieans into

PDGF), ephrin (Eph), fibroblast growth factor (EGF), tumor growth factor .
e (RIS ERBATAF BN (3 LS L PSP, ociloenc
profierambeipiietin ctrémbidrinndidodid cetlem cell factor (SCF), Granulocyte

colony-stimulating factor.(G-CSF) and.. Granulacyte-macrophage colony

O o R S T SRR PR LBOK. e
her@ﬁb@giﬁﬂedi@@ﬁ@s@rib@ddﬁém\.i,sméeg@éuﬁaﬁ@rﬁomagcenmgiéﬁitgp@ég@nﬁmital
bio&& %sﬁ@&%%%c%%@éﬁﬁ@&@é#ﬁ 2RL0R ? dEPeGHE IE’é?Jy RERUGG e ase.

selected from the group consisting of cell-surface markers, cell- surface
antiQer daiyidgefEhactdraturas clilogeriidrecterabadnkaimatispaidae  below.
obz%aﬁ@_sér%cg@@@gﬁ@ Sl ¢u§mﬂfgf@at>1|1 resin diare_éfgé@aa embéa@umﬂﬁtgsdmd;glidual
escribed below, the exogenous polypeptide is expressed jn an inducible
ndh SR Eh 5SS Gt orifisB RATHY, Sl AEChnical ANKF Rbe AIC P dd the
undiifeainthaade Hiecqdametmeaniige@aicqmupatityuadsrsteat ool a mixed
odfgnareidlinhe artiowhich tis, invention belengs. Alinoudh methods, or
POPt Miaternials &imilar O EqUivaIRRE 10 those” déstribed hieréin can be used
celln the practice or testing of the present invention, suitable methods and
matgiials ALk deprribeshhelgunAlmRlisatians  AAteNt ARRUCALANS opuation
patents, and other references mentioned herein are incorporated by
of VefaHOseBIPIERNERT KElE- IWherde HREOATTBIONSRIP AFOBLBHETREAHN prepared
frodnclHging-definitions, wilkcontiahdmasddittenedtihe matersls, ineihadsinaRddual
examples are illustrative only and not intended to he _Iimitinigféwo

undsipys RS D COEHS 20 o%/BIHED Spigable for nducing differentiation of the

undifferentiated ES cells into vasculogenic progenitor cells thereby obtaining a mixed

population of cells and isolating cells smaller than 50 um from said mixed population of
cells, said cells smaller than 50 um being vasculogenic progenitor cells.
According to further features in preferred embodiments described below. the

substrate is selected from the group consisting of matrigel, collagen gel, and polymeric
scaffold.



BRIEF DESCRIPTION OF THE DRAWINGS The invention is herein
described, by way of example only, with reference to the accompanying
drawings. With specific reference now to the drawings in detail, it is
stressed that the particulars shown are by way of example and for
purposes of 5 illustrative discussion of the preferred embodiments of the
present invention only, and are preéénted in the cause of providing what
is believedlitg estibefimist dsefubandprefadity endexdinadOaseriptionabinahe
vag r!gd rll%s an de 20N gﬁfg ?‘sl aosrﬁecﬁgs Ofi% ehienvqla:sttir%gé !Q thrigalﬁ%%a rs%’ agot induce
al eﬁ1pf i made to Show struc uraq de aﬁs of the INvention in more detail
vastivian i velepssatyidria famsidisisntal understanding of the to invention, the
desﬁf%%t%'%”%}h%&ﬁ%'@sz?é?éﬂ%_g WRNASRLNQE BN Ry, the
the art how the several forms of the invention may be embodied in
henyrigieiisal fitpragranipgslitpe ds | Adepreslitieapogifive fopsitige of congenital

bloSAiIgiQaRN S dRMANsIRHINGsthe-pUltsaRasss selestiPRL hwrnan &S

cell-derived vasculogenic progenitor, cells. Figure IA 15 illustrates the
outliNEBIRE dftreRéntiAtRsh-SaMEt DA pPRoEEGTe CRBRIENETS AcsetiBedopelow,
culmnigio gtiephis diefverstiatitig:-theidivergent snspholegieatthecelsiplowinghe

un d%%a%/]sﬁa%gl urg gg% (gol(l)a (?F::a g]o('gg eth% I%rg(e)é flaf fité)g{-Pearin%cells arrows) .
NCand the Smaliar’ }at%ene 2aNSTNidh f%\rbe'nﬁ% &f f’arrc‘i‘\?v 3 %3?%@ dspe o

avoigliasegms wtigraphisS detiopstrating adHag$, anBlysidiog envatireliabcétitween
2X ﬁ%{' L%%Z] BE‘_eI k@éﬁé&@%ﬁ%‘?&@%«@ d%%%?%&%l‘{%%cfo%' QgeRgprogenitors cells.

Filtered cells were exposed to primary antibodies to VE-cadhedrin

(VEASs@ydwE GRRY (HGFR2)ranhih toreilsores eodapenéddariipd belots. the

undifR 28601 ARIRALYRIAREMASI-ELRE)- Note the high proportion of cells
(78me>épressin  VE-cad. Figures 1D-E ar%ﬁhotographs demonstrating
the fhidft &qmim?sw&s%m&%%@y@?é ielcaielipressishlsntiape. the
meffiléaredeiselaiedursaiipgrnicaproigeniars cedsndmbrinRiLkRSEStissociating
Hst inin%lof fixed and Iatgd 2 h%ltjr_cultures_of he filttfred cegﬁi . s
oo BN P YE St Bh Y T IETEN BF R Sl AR IRCRY YiHePL A ERkRS Al
andviigi bignat deigfhenafiaghificati pm:(FriG $E) nkhiguredpuistapbétedraph of EtBr
stai : onstrati expression of endothelial and .
e B A st gy e

meEpRESHInd OF e COBE drvdviieiaridoivelinbondikens deidetivd Talklissociating
cel ICAIATRNA LG al 33627 HNASCUINGRRIC BrHQQcEHtBB;Fﬁ%{%W%s%ciated cells,

compared.in total RNA from the smaller, flat filtered cells (Filtrated), and
therghy ARGHERENT ABEh BRI B dridvider) vty ooubitdeimpelis larger than
50 R T0E2Q0DA0LAFRpLA(bES) &ells by RT-PCR. The housekeeping

marker GAPDH serves as an internal . .
According to further features m preferred embodiments described below, the

vascular tissue is human vascular tissue
According to yet further features in preferred embodiments described below, the
cells smalier or larger than 50 pm are isolated via filtration, morphometry and/or

densitometry.



standard of amplification. Note the prominent, endothelial, smooth muscle
and hematopoietic (ESH)-specific expression of the CD31, Tie2, Tall and
GATA2 markers. Figure 1G is a fluorescent micrograph of the larger, flat
cells retained by 5 filtration, demonstrating the presence of the epitheliod
phenotype smooth muscle cell marker a-sma not detected in the smaller,
human vasculogenic progenitor cells” Figure IH is a photograph of EtBr
stainedogditsedensioih straltergfthrerex prassiorral cepithibtiod tmdricerseth iblew, the

isolated,. tai ' in,. Cald ,
e e e e i 20

totafpRNAdfrelpstde iargecetlarmdtainetualiss (Retainsay lamenthel sHeatieegenic
pro 91“0&@99!9@%%@&9{89@%% ;gl‘:dlﬁwx)ec@ﬁebﬁbl%'%%ﬁl g i&?ys and being

ousekeeping marker GAPDH serves as an internal standard of
capabify i cAHERCNBI thé b sBeEhomiehe s8I A 1458 SHBdaPHitiLcie!ls
upoaelkPaarkers in thehmnan vasaidogenipraaaning ealls endithial of vascular
prominent expression jn the Retained cells. Figure 1l is a 15 micrograph of
e TR St SRR B NBR p R Sl AT e on et
(PDxétainepheellsHpight fanelhsdemonstiating dEME.protiferationof thetor (TGF),
. smaller, h n_vas enic progenitor.cells. Note. the active uptake of .
Pl e T B R o e i
insyhivorgoratishl ifetier |dRgEr). norenplolifts atvigmetsimadasalis mtrowfoBart) and
Gr RS AR, ROLE G AM AR DIFIOSFRR: Fymynofluorescence and

T-PCR studies of cultured common human vasculogenic progenitor
cellécserABstatghsy eatarrovipr 56 redrdachia eisHRsE below, the
popRndRinelal essmaRtidnpecierel enrasteriplich DIOWERASIRA at least one
photograph of EtBr stained. gels demonstrating the expression of smooth
eXORFISU R REEHRTRAIKE S FF OB LRGP VEEELEBE m’i%-&%@gﬁw £t cctl-
surfeeullisiach oadypeddi callagenvat b ot htsalis{amPhion 40pdizt daystondth
10 rjﬂg/mi(ljﬂlPDg;FE%Bf&%{ang Q S stemsflncd, Minn 2 e?ltis’(iMNibU?s]ﬁ‘gl o
Exprecscgfoﬁn%f &'smoo ﬁrrﬁﬁs%% el harkers EAl 'esrr?osn, Shooth o oWt
exogrsckeratiireptBV A)e:Qatpedin S\l ibidnShbMMHC markers was
COW1QE§9 6%1@@55 hlé%htl'&ﬂnaﬂq@cjﬂﬁ?&fﬁmrﬂcgg[é}[ﬁﬁéetgrﬁ%lIﬁs@ﬂ'_‘ﬁM&A’ }?A"V@ the

" the untreated human vasculogenic 30 progenitor (ESH progenitor) cells by
saMR TOPDR L TR PRINSERE epifgsadiker arPDPrdssmiesds Briiataing which this

mvalandardieh amplficatiannieisitherbsenca 0 expression efalarhine those
smooth muscle cell markers in the ESH cells, and their prominent

desgrd JGHINGRY DB0BRIAG758 PesHad S0EsIE 589 B15Fe i dPPieE. giieble

metiieaded CallseFiguses RB-fhaderphbatomicsaiiaphsof pinemuneflugiessentients,

de%ectio of smooth musgle cell markers exgr%sged in the hun%
and other references mentioned herein are incorpordted by reterence in

n .
ﬁlelr entirety. In
case of conflict, the patent specification, including definitions, will control. In addition,

the materials, methods, and examples are illustrative only and not intended to be limiting.
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platelet-derived growth factor (hPDGF)-BB-treated human vasculogenic
progenitor cells. Fixed preparations of treated cells were stained with
primary antibodies to: a 5 SMA (Figure 2B); smoothelin (Figure 2C);

WBNIMMIBIC $Figure 2D), and Calponin (Figure 2E), immunodetentecowsiti1 050

fluorescent second antibodies and visualized via fluorescent microscopy.
Note the staining of both epitheliod gnd spindle-shaped cell types in the

g@@hﬁg@@ﬁmq 5y|ﬁkﬁ%§igﬁqﬁ(ﬁﬂ are photomicrographs
showing the endothelia markers expressed in human
vasculdbeticensiprogberitor ¢estsivedutu ey o eypame collageithaezmsnce to
%4Q4.68] fRn gl 2 Wanspuiih 3 el BVE RRESaER AR Pdetail, it

Systems, Inc. Minneapolis, MN, USA). Growth factor-treated cells were
fixaleransd ihan ivendetedss HY e seRbSH War o B8V ivind b -meegs of

{Frigkse Rlisen M W ilehrang Gactat AW YFigurs2&) aptibediesny,

Note the localization of anti YWF staining in the Weibel-Palade bodies
foififerReyies b Shaca e BiPIAEiag What i510¢He G, % Hisuresgyseful and

feXdii uahorwasdalsadpiesieds (Miguiendiledighdesoddcpn@d2dspiets of the
micrographs of BrdU incorporation in both, platelet derived (PDGF}

(BIGRHE™2.0) B Vas8aier BRdBIFBRUAT RERD B eS1 Gtbiftflls of the
factatdreatatddie @asvasalio geissprogeniduséliscsamankiainiing Chil ehe

roliferati n%ainin‘%? of the endotheljal-type celks. Note the appgaranc
BFEREEE 36 sorer S A e e SERE QBeais Pty mite’
tatiieme Hocethn ueleraffotines WEGFtreated celistdegired2E)incomttasted
with thﬁéﬁg%ﬁgij‘ngorporaﬂon of the larger hPDGF-BB treated cells

(Figure Igures 2K-2M are micrographs of hematopoietic colonies
formedFifaan! huhraovidesautogérd dqrege nioragelish BB H@eitstingte: culture-

é&é@ﬁ%%ﬁ’ec%g giltred 'Eh§ é&ﬂﬂ%ﬁUQdW%ﬁ%%é&B%ﬁd@&ﬁ%@%ﬁﬁh Figure 1A

cytokines to 25 promote hematopoietic ntiation. Note the

dhesteases tiutiowpproaf dicd Bt rantinistopoleticceoispied (e FUR detERte d afrégs
2 HRYSIAGHOAIA0 AR, 36 6 A& RNAINBNGIOL PR (RIGHAR MDY days

and electron micrographs™ (Figures 3E-G) show%%;ascular structure

fotrERtion SR aswitRTRCtt-WeEstdieh fihsabevrase nofelfiepragwt e (eslis:

pallendogeagaing (B hoprsin differantiaipnimediun3Q sURRIRMeRtethnhs
with 50ng/ml hVEGF165 and logng/m] hPDGF-BB) ESH cells seeded_ onto

freonesifigen BGoramsaFsdh FRdRHsbrt el ke darks Ay filtered,
VRRaUIRK HIMUAR JfteschitRyScanowtiFiNeie SRMRUtRE: anghdsUIR primary
stryctures in bath WO 2006/040755 P%LZO%& %%%OSO 16 histglogy

RUBAHES. Polliiairs Bt sta et Sectibhe brtH B Preifistdfiofuorescent
teivaelednienaothaliab cal pessttationtad faunatioaCeF Egasciatenaiwetih

siruee in fhe. maifigel (igure 30 And, with bigher Magnicaton &, .
demeonstrating the indirect immunomorphological analysis of VE-cad expression on
filtered, isolated vasculogenic progenitors cells. Immunofivorescent staining of fixed
and plated 12 hour cultures of the filtered cells demonstrate strong localization of
VE-cad, at celi-cell adherent junctions, visible at higher magnification (FIG. 1E).
Figure 1F is a photograph of EtBr stained gels demonstrating the expression of
endothelial and hematopoietic markers in the isolated vasculogenic progenitors ceils.
Expression of the CD31 and Tie2 endothelial markers and the Tall, GATAZ2 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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within a vessel (arrow, Figure 3D). Bar equals 100 m (Figures 3A-C)
(Figure 3D). 5 Figures 3E-G are electron micrographs of vessel formation
in Matrigel, showing well-formed Weibel-Palade bodies (Figure 3E,
wXe0004#Tagnification, inset, X12,000), typical of endotheliabcels.zkignseaso
3F clearly demonstrates the presence of a darkly staining (due to
Hemoglobin) blood cell (BC) in the cegnter of a vessel formed by
lopgated en ial cells (EC) within the matrigel X5,000 10 .
S e Fite 2e HBRraE DR S s FofeAdmen]
sefidafi -afuntquid)onitnin théematrigptdiuiycoontaititiglat] sarytisvesiblend
umen (Lu). teristic li rotein capsul b, ibel-Rala i
e S e R O e ety e, gt
maslshotdngierodfaphs Bhnissotoypsuctiond dédictiaretnellat viehts 1e&ined by

ﬁﬂ?&kﬂﬁ%@#&’ﬁh&’&tﬁu‘%’l gﬂ%%&%é@@f f\%@%ﬂ)ﬁ&fé)@ ﬁﬂeﬁ@g}%}él QQ8BIE muscle cell

progenitor (ESH) ce SH aggregates were seeded on 1120 501
algfkeite soadfolis datsdted i difesmationichimaivepcsiggsraen eriteenigitheelis.

rORAMENYECEGR-a04) |Gnalm! RERGF: RBand.ncknated far 1d.0ays, ¢

Figure 4A shows vessel formation around two representative scaffold
piEBeliodi grakasdgriftc nbricd-ioser 2a8yiredasidsty freaiesaoraelinawannin,
@a&a&%@n?fsﬁl%lgama@ta%agtﬁml' | sedlss Witk adiregatdavelofipared in

smooth muscle cells. Bar equals 100m. FIGs. 5A-B are two series of

RSt Sigvapths duasenratrigiing sehsiRatyinetl sp dbfivEer s dimman
UgshigotRAnhibiters Rf aiegraesisl £ SH Rugregateshy eleuRRE&8ELOMarker

matrigel and incubated for 7 days.in differentiation medium supplemented
SENETAF P BETES aﬁac}@ﬁg?ﬁmﬁ\béﬁ}g% aloRE (ﬁﬁa&*@% &
withetpmaddisionohid) gimsbangiogenesis indibitnghami imeadvasculogenic
monoclonalé?ntibg clone .BV6, CHEMICON INTNL, rIg_\pc.lTe ecula1 A,
PFER G S B N R R TR B TP PO JRE RS RS Pl s en &S Lt
aficknehpiodd Brdtiuresnsothioant Yeticadatieat@itowdt(ieds fiirighirerbByrger,
Bar.- 100m. 30 FIGs. 6A-F illustrate culture based enrichment of vascular
o B e e mA o o B o e e
thecehmehimgnbgroideduedis. Fidinte BB isctindnvptted figHindicrostopymalier,

nadeqf %13 %‘i’ 2351% SlAqH heﬂ%t‘?é‘&‘ﬁ%@%‘%? 4&?%?' the | on-
énaé%gﬂel,zc 3%%? 050 f% cultured on tylple \Y éo a gn.i iisnimgg%r%fﬁb\ilvsn
priftergng atednhE S e llo@moVi) amdldlif@ent types of differentiated

cells. Figuie HCP A IYEEAIRNLANGIASHORY-JNR0%R! REM A% rudics of
single-cell-suspension-cultures illustrating two cell types: big flat cells with
fiblbrradrassguinsenh@maw y sssdisesalfe rilegeadits \withsladsenauetialimgginesific
growth factor-mediated induction of endothelial or smooth muscle cell
characteristics. Figure 2A is a photograph of EtBr stained gels demonstrating the
expression of smooth muscle cell markers in common human vasculogenic
progenitor cells recultured on type IV collagen at 2.5 X10* celis/em® for 10 —12 days
with 10 ng/ml hPDGF-BB (R and D Systems, Inc., Minneapolis, MN, USA).
Expression of the smooth muscle cell markers Caldesmon, smooth muscle actin
(SMA), Calponin, SM22¢ and SM-MHC markers was compared in total RNA from
the growth factor-treated cells (v-SMC), and the untreated human vasculogenic
progenitor (ESH progenifor) 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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56D is a FACS analysis of the filtrated cells for VE-cad, CD31 and
VEGFR2. Figure 6E is an indirect immunofluorescence analysis showing
expression of: (i) punctate surface CD34 (as previously reported for

wWaLsM4638/1Cs progenitors), (i) nuclei Gata2 and (iii) Tall. Figume@B/001056

demonstrates cell proliferation of the smaller and larger progenitors via: (i
and ii) BrdU incorporation (present in4he small progenitor 10 cells and not

fhe !ﬁég%{pﬁﬁﬁﬁ- roy.and @Hhauc'iep%@g 9@@%@”%&'&%%&0%%@“&

in 662 % of the filtrated cells. Nuclei stained with Dapi (1:1000). Bar -

TpownaticserDidessiratalifaenit eitrsieaekapriATpRIGENRYF telly, human
Big&-64 Argitaee s deruiinred ik S AgA Ve GREGR Rt Osddenitor

d;YS were examined for 15 Dil-Ac-LDL incorporation (cells in bright light

67t elibrprenaraiiene sEdral IRy Rs BNt HEhp immu Rt dics to: a
ooixidua) seaegalpd aglisveneexarinanfon i) Bilghe: L), raedabelisiin
\(#)_ perinuclear VWF, (iii) both (i) and (ii). Figure 7C - filtrate cells recultured
TS G miTB B Eeb MY 1Y S SR PO IS foN kA V12
expressianincRingie-iketshang.als. figstes plheOB-RHIRp2Ei Rnaiysid cell
revealed an up-regulation in adcgitional v-SMC matﬂg_eés Nuclei stained b
FRR Bt S000), BEPHEIR AL B Tisuats I5hdl SR Seses
Wioead Hleetsiebiigure Gt ikiistradb sradypicet Brasyd did noteny fseniegknic
from a,single VE-cad+ cell. Twq, distinct cell.shapes were observed:.an
s e e Ot e A AU
wohpHblagy (BN EWE) sedtamdliBPysBME fikightmusAinlk, Bpintleshapedvth
ersS['rnl' - .F.r..i. i
e e N R B e R I e g i

RclEFstdlfBigwitAtDapi amavonOliticmres Forp O Mo (Pt ife eutidptiss.
A Nistolagy.aestiansderiching biand 39 apdblaod ¥essels faunadnithizs).

alginate scaffolds seeded with human ES vasculogenicgrogenltor cells

dinetrans iahieisdrerkdieOishgimistiousice. TEYHIS. S ngs fifedstected

i raploggdygssels having adhindaverat endptheliahcaib-darmaest Wi
5%%15%14%1?55 PCT/1L2005/001050 18 withﬁ non-seeded&%%%ntrol

Satmistaderied (8 BB ETmwEsihiarDb st ciethelie A agure 20)
seeded seaffaldschigurAG ilustratas bipgskyrssalsief Bumanrtatiginactive

formed within cell-seeded scaffolds and identified by anti-human SMA
SR A R PRI BI58S-Atvs wilSl thE ARRRANCe of stress

\agsulatgie: Bahrr&ah08H the active uptake of BrdU in the darkened cell nuclei of
the VEGF-treated cells (Figure 2I), contrasted with the reduced incorporation of the
larger hPDGF-BB treated cells (Figure 2I). Figures 2K-2M are micrographs of
hematopoietic colonies formed from human vasculogenic progenitor cells. ESH cells
were selected, and cultured in a semisolid medium supplemented with cytokines fo
promote hematopoietic differentiation. Note the characteristic appearance of
hematopoietic colonies (CFU) detected after 12 days incubation.

FIGs. 3A-G are photomicrographs (Figures 3A-D), and electron micrographs
{(Figures 3E-G) showing vascular structure formation in growth-factor-treated human
vasculogenic progenitor (ESH) cells. Aggregated (24 hours in differentiation medium
supplemented with 50ng/ml hVEGF g5 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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FIG. 10 is a schematic illustration of the flow chamber used for evaluating
the effect of shear stress on vasculogenic cells. FIGs. | IA-B are
photomicrographs illustrating vasculogenic smooth muscle cells (v-SMC)

waezwed4ran hES vasculogenic progenitor cells following exposuredsddoso

flow-induced shear stress. The v-SMC cells were stained for aSMA (red),
phalloidin (green) and nuclei in To-pro 3 (blue). FIG 12 illustrates

'SI;OI?OCRS%Qta% fhcllllglferebr]gg_tl H%F tur sn%f0 derlveg \é?ss:oulogveaﬁ
progeﬁﬁor cells/ The' 28 s were cu ure ow serumar(E:UBS oF ?‘n 'ﬁ serum

éﬂ@%@ﬁa@htmgmdlméuMMemteﬂ wmhsgummmmhrst(&tﬁfr‘fﬂmﬂm

g%ﬁl anreTlg'ﬁgé‘na%y rg%&erfgr m egay ng,g ipl(ﬁtl arkggﬁ oo

ceIIs vascular smoo muscecell s and

gﬂdmmfmmmisﬂa:rawd HigimelizBie Pegateé (Withoot (fegm@t&)kdhh(&ggmﬁf))
%ﬁe e%'salifeépa‘%‘é“éﬁg%oﬁ'%h&gg}gt}ﬁér%ﬁes%&' T F&ggalgz %ﬁo%ng

rentiating cultures of Ived vasculogenic progenlt The

@@Iﬂsfwmeicmt’ere@ -itelede sbedins 207(@% VA, orXﬁgW%emmr(ﬁeﬁ@v,lv)mset
%f@t@@ﬁ'?ﬂﬁdﬁ&%ﬂﬁ%ﬁ@&@eﬁgﬂ}@ MEREA] B@nﬂﬂ@h’ﬁ@ét fesence of

performed using v-SMCs markers (SM-MHC and a-SMA). FIG
ﬁuﬁ@f&ﬁfegt#eam&uﬁﬁ@q:etp Plerogiideslegdifrd Rtatiny téem%gro@f [iEGsse!

%j%ﬂ'%ﬁ&é&?éﬁ'&?fééﬁﬂs{ﬁ@)? GRISVERE GRS i{M@wxs 000
serum ( % v/v) or hi

serum (10% v/v) dlfferentlatlng me
BRspiERERted RS/ f#emzssvﬁ@saﬁa@w@eew&erﬁ@ﬁ m@&@eﬁw@ qelts (N-

m@r&@ﬁ wHBR? anRd Gdd%d). Gk ScdmAnthare RRAIOMIGEeEHARRS M NG,

routing and vasculature-like organization of differentiated cells derived

AErstraeneyeica sl dsbeshaatnitndassHigrubalrogen (G)
mﬁggnerg@,tmg,mne@hugmmmij Flgure 15A) and in low serum
diﬁere; ing,mediu 2% viv; F %WO 2006/040755
e IO RS PR SR BT AR S A i the in vico
EﬂdtﬁiﬁﬁﬁMEaNa*&Tihqumsemc&fﬁﬂﬁhcm |wamvﬁcmeghmﬂsprdgmhtﬁﬁ(ﬂ3é{)
le an |nex ensive pre af vascy logenic,progenitor .
O T s R R e S S
drf&mnkmtiwmmdistemupplémﬁﬁebﬁmhmp@ﬂmehp@@émsmv:emﬁmgimahmm}?-
risQ %’[I sqgﬁlo nic ro‘grenJ‘t eIIs from I'stfemc lls, and f r|n
%eo growlif'nu \ff??l rentf%ﬁon of the |s§a ad'vaseul %geonlc pcrnolgaerﬂ or
oaltesfortalise ingdidridxample, fiEsher engindarngn affymgeriébigresearphjcal
\Rstanewls A diagnosicARRlicale R HhiRrasiRIRATH aRSIBPn. ek of

the present invention may be better
smooth muscle cells, Bar equals 100um.

FIGs. 5A-B are two series of photomicrographs demonstrating the sensitivity
of ESH-derived vascular tissue to inhibitors of angiogenesis. ESH aggregates were
seeded on matrigel and incubated for 7 days in differentiation medium supplemented
with 50ng/ml hVEGF¢s and 10ng/ml hPDGF-BB alone (Figure 5A) or with the
addition of 50 pg/ml angiogenesis inhibiting anti VE-cad monoclonal antibody (clone
BV6, CHEMICON INTNL, Inc. Temecula CA, USA)(Figure 5B). Notethe lack of
cellular projections and absence of tube and network structures in the anti VE-cad
treated cultures (Figure 5B). Bar - 100um.

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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10 understood with reference to the drawings and accompanying

descriptions. Before explaining at least one embodiment of the invention

in detail, it is to be understood that the invention is not limited in its
wapplisatorsio the details of construction and the arrangemertofiths/co1056

components set forth in the following description or illustrated in the

drawings. The invention is capable of,other embodiments or of being

ractic S ar.carried out iR various ways. Alsost is.to b derst
o ShEHEUS M0 S s A R T TRl
aidddriptiotymasc S Hitde mot bk ceby digme & it rvReesk ighe ssareteopy

%ﬂ@éﬁ&% | H&hsﬁﬁﬁrg?éic‘ﬁﬁg&%{é{é}ﬂj&ﬁﬁu& ‘%ﬁﬂs&%%@%b’ cﬁﬂyﬁ& A lat

source for pluripotent cells. Such cells are useful in human therapy since

ol sheitlbdbse snkpeemeatisrordifindemidier il eefluvdlin/oLeaieipebige
bpRedersen agly Ay 189911280108 NsBar Iy merk A AMRRORMEEIRM eRll.

was done using inbred mouse strains as a model. Compared with mouse
(IS sty IRAB AR I RHABACTRFiPRBEE IR AR S ssErn e b mitigtate
merR dragiey and e NRLRESaEEA0rN6. SRINS, CTe SREHQRS Al nuclei

manipulations. 25 Recently, human embryonic stem cells (hES) and

Gatia-ind (HEGPHeIEimgse haemeastasy st nmiiffien 5h Qnrmeleotrd
hugeapresehvenic hESAN) @ Callsrhave dhepeg:saugRktsmall progenitor
characteristics of human pluripotent stem cells, the capable of . |
GG SRR ORI oI ARG LIRS, Ty, AP ot
kseqyenly i, &Rd theyréiaifl thedapicititol differert atétho o dicroad) adtilt -
E@Héyé)es. 30 However, spontaneous somatic differentiation of hES and

ells in culture proceeds without any consistent pattern of structural
organiZagen7 gdneiiatnge mudtige lilaraggregate probeslbpopiidatfipsravitiha -
3 highly Yeterogensaus,migture of (40.2006/040755 RETINL2005/001050,
phenotypes, representing a spectrum of different celt lineages

(RenbHldif, Bicpgioabtidat(Bibteoh BOGH:; 18111 84) iiRriafiarngtudidbiorescence
%?u%%{'%x;’n‘l"‘é@ % MeRogs suitable far. s L@té%é‘rg A?éé?%ﬁf?é‘%%&%lléﬂned for:
specific cell type lineages'trom ES cells, howéver, such methods are

typleaiicS Bkireptaiyl soniplepetindcas iy hitiallybdtukaband ribry brderstéen-

Bels e RENSEAIOND QXE Mmmataberomal £l Iaver (Bee. ifibited up-
example, U.S. Pat No. 6,280,718 to Kaufman, D S and Thdmson, J A),

ieculaieh et 34 terarerran Thowisele-die ahanesestincEigggs?D - RT-PCR

28 IARA1L0AG9 RGAISGIN BUSRENSION IRIre Mtice N SUYGIISyih
known as the embryoid body (EB) (see, for example, International Pat. to
Rﬁbﬁiéﬁﬂi@%ﬁd&%b&ﬂ@ml A3 to Itskovitz-Eldor J and Benvenisty N; and

FIGs. 8Ai-Biii illustrate clonal analysis of VE-cad+ celis. Figure 8A()
illustrates a typical 8-day-old colony formed from a single VE-cad+ cell. Two
distinct cell shapes were observed: an endothelial cell like morphology [Figure
8A(i1)] and spindle-like morphology (arrows) resembling v-SMC [Figure 8A(iii)].
Spindle shaped cells expressed SMA [Figure 8B(i)] and calponin [Figure 8B(ii)].
Figure 8B(ii) illustrates Ac-L.DL metabolism in colony supplemented with VEGF.
Nuclei stained with Dapi. Bar - 100pum.

FIGs. 9Ai-Ciii are photomicrographs of histology sections depicting blood
and blood vessels formed within alginate scaffolds seeded with human ES
vasculogenic progenitor cells and transplanted subcutaneousty in SCID mice. Figure

QA illustrates immature blood vessels having a thin layer of endothelial cells formed
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International Pat. Application W00210347 A2 to Benvenisty N), and
exposed to differentiation factors, typically producing a mixed population
of cell types and lineages. Isolation of progenitor cells of specific lineages
wis thesvacseamplished on the basis of immunodetection of lireayespecsiase
markers, and separation of cell 15 lineages by fluorescent or magnetic
sorting (see, for example, Internatioq I Pat Application No W00181549

3,{0 Rambhatl ar a

%?nan I_S) grhcﬁ[]l rﬁso('}r?%nli Inte ogn%l g r%fes Ifc%;ldtli‘“on R?d vessels
Wmmﬁl/&btbs@@@ilﬁcaf&iéis aﬁ@ﬂmeﬁﬁali@sfa*fﬁfablwqdphmbmf\lbman

%10}0@% SA c%{?s»e%c? ot abuRd); d%ﬂtﬁfe@eo ﬁré NEMEMIoned A

ods su er rom similar disadvantages: initial ES differentiation into
peopagitakeels moiagWegn maSE &méf@ﬁm@zﬁipmaﬁdnsr@ndmel@mmngar
Wi, the stromal cell layer, live host tissues or other EB cells.
Furthermore, selection according to expression or display of cell surface

markendl§s inefficiesheregfifirilgsevEamedrdbe fersianthemisedatiors valuating

{REWFHNG ST8RLEXRL0TE {AL88 (g&ﬂ&sc@{@ detection equipment, and
endan%drmg the 25 vitality and sterility of the progenitor cells. While

reducifd@hel predetei RYaRIBATRS BRI TR BRo s b IpgRHt o prfhanuscie
eawmdm&wm@gﬁeww@mg&% SRRY: REIRIRPRLEEH SRRV RN

inexpensively from em nic stem cells by preventing aggregation,
Bamiidysh %Sﬁs&dﬁa&ﬁm %@aﬁéee%ﬂa?ﬁefﬁaﬁé EFviatRip loidin
@%%§@ﬁ%mﬁ@m@ap3sqmm§ and efficient size selection methods. The
vasculg n|c genltor epared by esent jnventjon are
ndvantiliBord G %eii’ et 85 SIHGE R Gt s e PES-
iﬂuﬂu@edm@cdlff@@atmgam@zemﬁeihﬂhabermwwraﬁdleéB 2006/040#H52%) or
TR AR G e o AR e R g}hgﬁd
e Vasear Strtettres When™ see edron approprla
gelgétmallyﬁ))afﬂmmlzégbwdfaeepsuﬁminlaﬁosntggmm:gmﬂemgf endothelsa
125 AndIgeaal R UROSES.T0US. SGeng 008 fangdl of e -
presentl vention there 1s prow e metho paring vasculogenlc
prdlgehltmg@‘eﬁs(ﬁnmhpuﬂdﬁfldmﬁratéd@@w@tmhwmhm ES cells.
The meshod AaaAIKING Joihis,aseeeial e RiesantainvRAN.ISallsleds

by culturing in V|du erentiated ES cells iIn a manner suitable for
ifelRre iyl chifiasatiagon oppeetRffstisntiAbsrels veite mleistulogesitm

PEOIERIQ: GRUR ’SQE%E?WQPW'H&t@réﬂﬁ%ﬂxﬁ%@%&&ﬁ@ﬂ%@ﬁh VEGF.
isolating cells"10 smaller than 50 gm from the mixe ulation of cells.
b Jsale TR e Framhtky Siﬁ%@%’(&ﬂd@@ﬁf‘é%@é@ﬁﬁ&ﬁ sefis-2dMéblearly

illustrated:in4haExamples-88&IMT-PCR analyses of differentiating cultures of
hES- derived vasculogenic progenitor cells. The cells were cultured in low serum
(2% v/v) or high serum (10% v/v) differentiating media supplemented with VEGF.
The analyses were performed using EC markers (Tier2 and CD31).

F1Gs. 15A-B are photomicrographs illustrating sprouting and vasculature-like
organization of differentiated cells derived from hES vasculogenic progenitor cells
and cultured in high serum differentiating medium (10% v/v; Figure 15A) and in low

seruin differentiating medium (2% v/v; Figure 15B).
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hereinunder. As used herein, the phrase "vasculogenic progenitor cells"

refers to a population of cells that can generate progeny that are

endothelial or smooth muscle 15 precursors (such as angioblasts) or
wimates@ansiothelial or smooth muscle cells, or hematopoieti@pracaossnoiose
(such as erythroid colony forming units and megakaryocytes) or mature
blood cells (such as erythrocytes andleukocytes). Typically, vasculogenic
BrogeRiioreRls X Aess e RENS RisRipGarkers that are

' of t heflal, Smooth muscie and hematopoietic
lineagede2@Fypicdalisntineysdd novgrodtivalprdyenyef theedfobsiople and
S It Se in:vitr I degjff iat

R o AR TR

feapasisgETHire thel poparetoiona ot apmin drsfsiening Morénerfceis
e REAtegRRYathanal indlyidual Gelis thab aige H#&iw&%eﬁm cells from

vasculogenic progenitor cells may be present. 25 As uséd herein the, the
gmselipaefir Inpliip sranthaAnd HHiipBiEiMn pérdereiairg nasmygpeenic
grpareingdegnasoislerelopmeniatiplasticihindsHROIMGRISsRIRsearch,

capable of developing into all cell types or complete organisms (e.g.

Higersvisees Jreseieaprimtioddable of differentiating into all cell types
(e.g. ESheefisrapdmutiipoienieslsdaraicapablenof giffekaniiating o better
cells of specific 30 lineages only (e.g. vasculogenic progenitor cells), WO
Ry B T 6000 507 5 HE ACSTRAIAL A EAors. Befor
septhithelial mﬁsgeﬁﬂ:tenmemmﬁteﬁdmﬂmimwmm r&atitall'iy edess tadecealbd
ﬁ]{%tt an generaie lé?te%”g"%sf‘&"a{'ic%‘%%s-.%*lﬁe?%e?%ﬁ'%{?%% el 0ot the
avethe capacﬁyxfo generafe fiefha opoletic or SMooth muscie cens.As
asecgherine e termplepithakafprbge nito fadkiiviop tepittipial prétussetedin
ell".refers to a cell that can generat ture smoeoth muscle cells. As...
R e e e ot e LA £ Bao R R C 8 fefices
praeisdrosélin nafirsstyayselbibatitintgdnevterswatiteablbogloetimiogy and
EMRRGRINE SIapCElS A AR PR nuid PUAIRE, WHE N huld not be
substantial portion of stem cells and their derivatives in the population
siepiesdroligHBsgical 10 characteristics of undifferentiated cells, clearly
diSti_ngR@E@r&@@ﬂ&ﬂr%ﬁ@f%@@t}ﬁIﬁQ&Q@é‘%}%ﬁ %mpl?y&mcc@n@g&l_t idiBally
Undifferentiated ES cells are easily recognized by those skilled in the art,

S Picam ESpoAP I Rt SsEEpRIFfe fF s 2eeirs Tt Highan therapy since
w‘%@ﬁé@ﬁ&@'@%ﬁd@ti@%@?&&%iﬂ&%@ﬁm& &@i?ﬂf}ﬁes (R. A, Pedersen,

undifferentiated cells can be distinguished from differentiated cells by the
éﬁlséiﬁee 1999 280:68). Early work on embryonic stem cells was done using inbred

mouse strains as a model. Compared with mouse ES cells, monkey and human
pluripotent cells have proven to be much more fragile, and do not respond to the
same culture conditions and manipuiations.

Recently, human embryonic stem celis (hES) and germ-line (hEG) celis have
been isolated and maintained in culture. Both human embryonic hES and hEG cells
have the long-sought characteristics of human pluripotent stem cells, they are capable
of ongoing proliferation in vitro without differentiating, they retain a normal
karyotype, and they retain the capacity to differentiate to 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 celi populiations with a highly heterogeneous mixture of



15

20

25

30

15 lineage specific markers such as vascular endothelial. growth factor
receptor 2 (VEGFR2), vascular endothelial cadherin (VE-cad) or
platelet-endothelial cell adhesion molecule-1 (PECAM-1). As used herein,

wihheostermo”differentiated cell” refers to a cell that has progressedidawsiaose

developmental pathway. Thus, pluripotent embryonic stem cells 20 can
differentiate to lineage-restricted pregursor cells, such as neural

rogenitor, hepatocyte progenitor or.hematopeietic cells ich
e S e AR T A e e
Rnditieecendothelal iSooth muscle and blood cell types listed above.

These ia up iy be AlfarNaled Wthenita. Aok boas o

IPAPEHIRONR
further down the pathways, or to an end-stage differentiate fg cgll, gvhic?lr

pslbhelrspeeifistic bieps pieeitetissuetty pell a i weagroruelay eibede mamntthisally
sanagclly opipliferate fudher. Yasawanendatielipapuwalsmeeth musale

and erythrocytes are examples of terminally differentiated cells. As
ERNE et REraalipe vEOmdigRiLY eidire fon fataipiEs eI S A e figded 18

5 RAGRETsYitahleforinduging, differentialion 8to MASEHPERNIMson T A et
prgsgenitor cells. 30 The undifferentiated ES cells utilized by the method of
theSpiasent iffetition éar bl PhatREaRTe MbTYBTRSIRNNERIR BBt

famuiresthewenioRmeSane M3 NKEVR2086/Q40hpk:, International Pat.
PC ’ /1L2005/001050 23 cell masseféscells f:f% c]in-vitro-fertilizeo,l

KSR St mASSL Uitd/ ot tulturE R EZ EftTind s M PEE T ity B8
Ditdrdsiana0 rraoNAppiiaafi gD R$ 08 ean sl Geonsiiate s indhe exposed to

mples. section hereinbelow, the methods and compositians of the
o Sl Aot A Rl ot s -0 et R
Ginege e stablishmerfitypdmeiods! fopfiangpidaliocegrsd contralcobiphizshed on
mbryonic.stem cell, differentiatjion is_a primar al of current medical.an

i U U IR s AR SRRl
lingtiffer diyti et ESntalisaaeniatimserag Cetts. Rretaralnis, theEStonld das.

gaaied cpls 33 s9escribed n defall in ES\BEETOE pat No.
ﬁgﬁgn elow. 10 Accorc?ing to acrjlot%%r pre errae%?e%égbgg%ent of the ‘ a o
prfsehtSrivektoimagiffererudtbrraistie Individemaingi#PentisreticE®edle

t S PSIeHPI UG AHCh £ells ofiPlalgs ARAadpMth-aRadhsEIve. wo

substrate such as type IV collgen, laminin or gelatin to prevent

Biffeatdriolere HE wdiBeadduing thé! céiBeaby varruinmatisrrtisttvedic:
25104rand BhOmsribslomay ancspaaviding diteraptistion.mediams invarl&

most preferred embodiment, individual undifferentiated ES cells are grown

BiY seIR Co RIS Ans ARfataS eRb aTta pEh iy Stetalapip gy Eselive host

Edalie vaterBI cells. Furthermore, selection according to expression or display
of cell surface markers is inefficient, requiring even more extensive manipulation,
incurring great expense for reagents and detection equipment, and endangering the
vitality and sterility of the progenitor cells.

While reducing the present invention to practice the present inventors have
uncovered that vasculogenic progenitor cells may be prepared simply and
inexpensively from embryonic stem cells by preventing aggregation, culturing on
type IV collagen with specific endothelial differentiation factors and employing
simple 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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Falcon, Boston, MA). See Examples section for further description of
conditions for differentiation of ES cells. One important feature of the
present methodology is the cell seeding step. 20 While reducing the
wdregsnkinyention to practice, it was observed that a 3- dimersionabos/so10se
embryoid body structure was not required, as had been previously
contended, for mesodermal differentiation of human embryonic stem cells.
' | h IS 1 fromtheir.f rlayer a
AR R M R R
esgsiesseiorpplapiite sl oSy dutisenietivilte repiat e (Rigdass spisaye for
telseadine congentration.dramalically, aligcted the efficiency of the
present methodology: cells seeded according to prior art studies with
mouse BSs(parREkARdo ae APEAIIE DOOTEOE: IPYREE HisrvibRso wded a
hisfh sPRESRLAIRRS Qi de i QRoseliaicred) OfBES aalisrestlied sacells,

heterogeneous population. Lower cell seeding concentrations (5X104 - 1X

o) BTt G 350 detthed; seRRidingnter Cilisispratidinghg present

maaribn ofsserallidiab £ odethalahlika Gl smang:iewesdarss, cells in a manner
smooth-muscle-like cells éFi?ure 1 B). WQ.2006/040Q755
i

BEGUIE SeoBs et s e e A A U T R oAb tS iRAgrlqeenic
pitiferndesenpticnebmsihodsg of alilsdipepiindividuakunditietentntad £81s
cells" under_non-aggregating conditions. As used herein, the term.

S o A e s e Tk
growthcahgdiffepecgiation ofithefS celslyEXamples df thstakbleles section

g}ifferentéation media which can be used with the present invention include
cremunder

a variety of growth media prepared with a base of alpha MEM medium
(Life Taeshwsibdiesinc thRagkeilte,“MBulo8A)ombglretoo'shsinimédrs to a
' ' I ith 10% 5 (HyClo
B B e Sl B i el
RiselaAdes, (9oh 138 Aeind!Ass)s i arieeth tethsielbov enoaihistpksséngets, or

DAl fLIMERg obthe.Lndiftereptiated Eyeels asdsiiedRGIRINAONE  ang

produces a defined population of cells, including a majority of small, flat

ErgatABIRAMIRG CBlISanEcfeNRIdarEls SHdtREnsTsEIedikes cand (Eifgrytes).

B MBIl Rrawgus derbpiaHssar %%&ﬁ@&@&ﬁfestﬁ%@iﬁﬂgﬁ%%% markers that
progenitors have 15 depended on immunodetection of indicators of

aferRAciaerisnel she crd wBAlinh enptia A6 et dirwtionaisHe divgages

WPingI{sateforexampRdierpabenaloPatast ApphsationWe 021834khen
A2 to Benvenisty, U.S. Pat No. 6,280,718 to _Kaufman, D S and Thomson,
ORGP AT S A AR NG WO T 890 6" reprogrammed. 1 will bé

appreciated that it is not implied that each of the cells within the population have the
capacity of forming more than one type of progeny, although individual cells that are
multipotent vasculogenic progenitor cells may be present.

As used herein the, the terms “totipotent”, “pluripofent” and “multipotent”
refer to cells having decreasing degrees of developmental plasticity. Totipotent cells
are capable of developing into all cell types or complete organisms (e.g.
blastomeres), pluripotent cells capable of differentiating into all cell types (e.g. ES
cells) and multipotent cells are capable of differentiating into cells of specific

lineages only (e.g. vasculogenic progenitor cells).
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Al to Cibelli, J et al), these methods are cumbersome and costly. The
observed 20 morphological features of the mixed population of cells
generated according to the teachings of the present invention enabled a

waimpkevasdrapid isolation of vasculogenic progenitor cells theraforrs/soso

is illustrated in the Examples section which follows, selection of cells
smaller than 50 m, enables rapid angefficient isolation of vasculogenic

progenylor gelis ﬁ%%‘i‘nth%é“%%% p‘”é%ﬁ'é%HQl’i‘an Cr%%énﬁ'fcl ures- 23 LGidothelial
Thus, the present methodology employs a stgp t size/morphology
setaatoncdbl ooling tdifferdritiatient. Suehisinsiwerpiisitglid ek btiohhesmagls

effected ysinenyarigus filation, @&%H%ﬁi%@%@@&@%ﬁﬂﬁme cells.

approaches as is further described below. 30 Methods of filtration are well
known4r #edabersiretihgsieria (Ridudjal thiedsgHe spibshr Spaviretinbprgaprsor

therlikge S iters GamAQRPESRAH RS RAlOn RIS gnaterial. Such
filters may be one of several commercially available filters including WO

2006/048 7St PErtin. 360 5760 1 G5T2ER YR G BTIRTE terelPEURerdiTRaRIC
fronuRallbife Seiansas(AmarARORNE S ae BEEalgen (Boston, MA,

USA). A preferred filter is a nylon mesh filter having a pare size of 40 pm

[0 L) 0 p .
(Cell COtGREHRTS BRI Bh, SV MAT ARG e svhancy substantial
podiotheliatdike-eriiade passandhelangeic FopatitnuEcielikecelsitebe

5 excluded. "Maorphometry" refers to the measurement of external form
SRSk %tfﬁsplogfr mﬂ@%ﬁéﬂ%ﬁ inﬁaﬂ;ﬂ‘t nnélteﬁ'ﬁﬁte phoeushing. phim g drom
difédysisatédiveihceflcimtagind: anadykissgttwahedditabiatar iderdilicati@asily
gr&d isoleaéignt%f cell%ﬁn;}allet thgr@ 50 iscfﬁpmmerciall available to one
SGHEd R the ar(%sfsée, orlélxa"f’nplé,al Rflie mor ha%egoiﬂwanr}écf fAversar &
teibgimGtiC drigh DowpingyRk]dgs Algtinsagicl5 ginmaigens cienkeliS of himmiérly,
' [ nd Stereol \V lanni nalysis. Inc.
e O e Pl of

Hieres casyi Bndnitwrsontitly e chaspers fodabRietiogrofbbjectsr ofadesived

?%F%'F@%h%fa%etﬁélst&ﬁoéﬁeﬂaﬁi%EM%SWEQ%PW ti@l&g&-ldf%eiial cell
example, U.S. Pat. No. 6,249,341 to Basiji 15 et al). "Densitometry"” refers

folbpaan mekerai-b{BFECSPAdaAl or physical density of an object. Since the

smallep endathpiirliikencelishave deppighiesandeharacteristc distdbution
of cell components, densitometric measurements may be used to

BFRErastedisedha pruvrrineiitel RRfBV e pafitioR WHRPISBI SR sTéeAsm cells

BRVigERrentiate to lineage-restricted precursor cells, such as neural progenitor,
hepatocyte progenitor or hematopoietic cells, which are pluripotent for neural cells,
hepatocytes and blood cell types, respectively; and the endothelial, smooth muscle
and blood cell types listed above. These in turn may be differentiated further into
other types of precursors further down the pathways, or to an end-stage differentiated
cell, which is characteristic of a specific tissue type, and may or may not retain the
capacity to proliferate further. Vascular endothelium, mural smooth muscle and
erythrocytes are examples of terminally differentiated celis.

As mentioned hereinabove, individual undifferentiated ES cells are cultured
in a manner suitable for inducing differentiation into vasculogenic progenitor cells.
The undifferentiated ES celis utilized by the method of the present invention can be

mammalian embryonic stem cells obtained from fresh or cryopreserved embryonic
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20 suitable for densitometric isolation of endothelial-like cells are, for
example, the MECOS-CI blood cell densitometry analyzer (MECOS Co.,
Moscow, Russia). Cells may also be separated by sedimentation through

wapnepasative density gradient such as FICOLLTM or PERGQihiibs/ 001050

(Amersham Biosciences, Inc. Piscataway, NJ USA) (for exhaustive

review of densitometric fractionationzgechniques, see Pertoft, H 25 J

Binchem Biophys Methods 2000Q; 44:1-30). Thus, the present invention
TR L A A SOV O b o TS B o e
sl dition. Phedduslismeihbds Oidstlattngsubhnmogegitor cells have

produced.progenitor populations..which lack desirable praoliferatign
Db s e S RORALOE B LR A BB B pygrocs
BidtewhRO00:3308- 1 4crdnuveohnl direnitbét HirRseAS BOnuSA 260G onic

%M@HZ-%&& ThenRRSHAASNICRIQAeRIL SalRIRRIAE Y ANS! of human

methods of the present invention are capable of generating large numbers
emiprepmicategefiel bii firmiféattn s throirsmenhlerd oerel wetisiihes! wemiﬁc
€ROR/QA0 prECH HhaRR/AR 0P Qe 26108 RRRUIAHONHRI VRgAUIoaeRIa S

progenitor cells isolated according to the teachings of the present

fiffEntisnhaesarBeterbied Brratiindinds ftdgreynweasnagiedecetls. as
gadethnelial Riegeniier mankaeeceadReriimbédgures 1C-E) and

endothelial markers (Figure 1F), and activeéy proliferating, as indicated by
5 incorpGraEREof BRIt TREFRICISTOREGIRE 1°F). F trRscstile iReRiOD:
adeitiomaticstivfdiy sdar feith endifferentiations thesacatiscaresapailengfuch
generating large numbers of multipotent vasculogenic_progenitor cells, In
SR POk SLE BB AP RSP ol B S AT
gtade e pexeacdinpiydong eethedssotellmnadayiapy dieresis\ationcaceatdifig
0 any of meth r conditigning, storage 10 and thawing typically.
R e A (A, TR B D8 i AT Ao ' o
Bemetrfincdt albddircd, thelivipeitanddfefcdiffecd riiRted cetts drovariou gype
rapeutic approaches, directed differentiation of embryonic precurso
pfiE R R s AR
Enbmobictstedd 8¢S dbhEnainzined harclituretbéredesamdigood yordiites er

qgfgﬁggﬁ@&q)gﬂpégwn J.A. et al Science 1998;282:1145-47), directed
differentiation of embryoid body-derived cells (Shamblott MJ et al PNAS

USA 200¢; 98rp1i3ut gyaine iehrivgnpEscat methadsdogiune thitkhell Brdisgsstep.
KauimanrL il RNASURAAA0L: 98: 104487 31) NAS BE&ved that a 3-

§
demonstrated by manipulation of environmental factors. For example,

REpgnsianat drbo bR HENERIBhoTeliafffEr@HERstiof iIRMURTSA BXS\aansly
BYyRLHUME WHD RRUSRPRNE differentiation of human embrvonic stem celis.

Undifferentiated hES cells removed from their feeder layer and plated as singie celis
on type IV collagen with differentiation medium exhibited expression of indicators of
endothelial differentiation (Figures 1A-G). Cell seeding concentration dramatically
affected the efficiency of the present methodology: cells seeded according to prior art
studies with mouse ES (Yamashita, J et al Nature 2000;408:92) were not viable; such
high concentrations (1.0- 1.5X10° cells/em®) of hES celis resulted in a heterogeneous
population. Lower cell seeding concentrations (5X10% = 1X10° cells/em®) produced
a defined population of celis, including a majority of small, flat endothelial-like cells

and fewer large, smooth-muscle-like cells (Figure 1B}
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marrow stromal cells (Kaufman DS et al PNAS USA 2001;98:10716-721,
and US Pat. No. 6,280,718 to Kaufman, D et al) and Carpenter (US Pat
Application No. 20020039724 Al) induced neuronal and glial cell
waes@porent in neural progenitor cells by exposure to a CAMEractvatar 050
and/or neurotrophic growth factor. Benvenisty 25 produced pulsating
cardiac muscle cells and neuron-like,gells by exposing human embryoid
body cells {0 a variety of growth factors (ltskavitz-Eldor, J et al Mol.Me
20006188 D SRR r I A DA R S UB 67 45071 3 fgtiods
rfterivertion SindPeitiag plicafforeidoted/E5 2H O34%iR 200 -Begregatisg/cNditions.
ot R LIS, Showei e iRne e s PO R0 GRGHIHARum

embryol ormation or 30 selection of progenitors by
rerabinocfereptioniog auiiveirfard difekerdatiyD P0dB/d4D78Hs. Examples of

b2 Rp O 0atnaf Ritscipdditereniahanay ayasevliegehitciude a

progenitor cells of the present invention can be effected by exposure to
¥paRiicofagah, Biedatmishasede Bithantaesp SltidogroWik Fhckmdiuns (&ife
tustraiegdn the, Expmpies sestioswhishioliows expeswee fdheaPmedium

vasculogenic progenitor ceIIsa seeded at a low concentration, to growth
FROYBrSY) mtssacaifd Akihidfioh THD SPEciRBsmiatgre: dél-prigfofskd: L mM £-
%&mﬁuf%@d?@gﬁwﬁmgasﬁwghé{@%dmﬁue,esatb;,]amgel_ | .alllrarrl]ce of both
morphological and functional indicators of endothelial cell phenatype
(Fiour e, 6 PSR i 0 PSR  CERE Qo fin e
factioferiAdd-BB tyiregsladed ainaotmobuseleroeiics masdersl (bigutsson of
2A-E), Similarly, exposure to cytaki stimyl ematopoieti

8%8? mﬁlzlixﬁemr%ozf tﬁlé%on o uc#osr%{a?l, 3P 2 oﬂngltieﬂic ce’i?&) fkél\}fwf:ﬁ uigl"ge,

entiatio vasculogenic’progenitor cells (Figures
accorblingddaiiothell adfigcteofBhe present invention there is provided a

methodq, qf.preparing somatic cells from the ulation. of vasculogeni
progen e B kR See A R B R SRS have
dbpainiery anpbpmmmtqtti@va’édutﬁg@ws pfogé"fﬁtgmt&éitglasﬂdesmﬂb’é@ cell
hitelshavenaodculiuing s arpulationaf vaseulsaenin OOl
In theé presence oFat east one growth factor suitable for inducing somatic

elcaiffénshation. KO USHAHE el tie Bervenitamanic cdit rbiferd 438 Td| to
fdefinitedineage midaniifiable ag.helonging a:a spesilic e iRhenstBs206

via m(;g_)hological, 20 immunolo%ical, biochemical and/or functional

éritefa- Behatic'calls WesoieBARRIBN FHErEaMmEIRAd18es ind Togsobserved
%%H&@?&aﬁ@ﬁtﬁé@gﬁﬂ@ﬁﬁ@%@h&ﬁ% o@%@m%@&%&é@ RRHEIERI %o Hhe
the contexd of the present invertion, are endothelil cells, smeoth muscle
vasct’llogenic progenitor cells therefrom. As is illustrated in the Examples section
which follows, selection of celis smaller than 50 pm, enables rapid and efficient
isolation of vasculogenic progenitor cells from the mixed population of ceils (Figures
1C-F).

Thus, the present methodology employs a step of size/morphology selection
following differentiation. Such size/morphology selection can be effected using
various filtration, morphometry and/or densitometry 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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Numerous growth factors have been implicated in the complex processes
of 25 vasculogenesis, angiogenesis and hematopoietic differentiation (for
reviews, see Carmeliet, P Nature Med 2000;6:389-95, and Yancopoulos
WG Nadwme2000;407:242- 48). Although some (i.e. VEGF, Angravg 836 )50
are more dominant in their effects than others, effective differentiation of
progenitor cells into somatic cells is typically a result of the combined,
el iemporall conrdinated aclion, of g pumberf ACiAS, A0 NS 1sA) or
accordirig to one eniBodiment of this aspec? ofthe present invention,
dikzdtddodiffBosntiatidn i SHected hyfusinigfime Brangtergnmsthifhetdesing a

B NSt SR BPS SR
derdlied grdoitielialkctike(RDGE)paystmind (Epkrgibrobruthgrowdl fdeteells to be

EGE}edumor growth factor (TGF), placental growth factor (PIGF),
cytokines, erythropoietin, thrombopoietin, transferrin, insulin, stem cell

factor (S&Eyph@itindlselms solbayrsaptaaeay Therserna-ogr) klean employ
Frendlecyiadnacornae g s, 2 Stiuatingiec il EM-GRF kneiChhaging

factors are commercially available to one skilled in the art, in {Jreparations

suhsie ot vies st cittdrsnificationiareispialitbhel spiterratica B Hem

abeyementianedaiRwih fRckrssmay conmerise families ekdagiRlSMetamorph
including related molecules having different, and. divergent roles in the

GBI EREXFISPO BEE e Rx FOSTHEE S e ibets BI#IE 1 6Hpags Poience
feanityatto mRxam TerMbty - Ad \HebdotErer. MESEMP Bl&Mg ShdnddistsFinc.,
may stimulat othelial differentiation, while the PDGF, and An

AR e AL SR B T AT ST N i cseopy and
Homaiteting espedtivedy iof heldifiere nfiafifurof afadetitod enterpab ghritot=cietiss
into vas r smooth muscle cells (v-SMC) may_be dirgct increasing.
S R Y S Dt g S
Exalmple 9 hereinbelow). Thus, according to another aspect of the preset

Exsinple 9 hereinbelon 9 o anol of the p
musclo CEI8 Hare Vac gL Boattor, o SR oo

Iopicatturiiecvabetogdnic prégjbeitdrtulisdlsabpe diffuvant sahigorselitamstic

Wiichinclides A fersmeanraniralionpober hanax,dpare.areferably
higher than 9%, most preferably higher than 10% (v/v). In addition, the

Gifspeistigaomnef Mavelfogdaie pfoig sprrsrtisl idid sdaterneficdislls fewipes
Mawhe ehtaineshydedusingdhe sorsentation:ef serm,n the example, the

differentiation medium (see in Example 9 hereinbelow).

MECGS-C1 blood cell densitometry analyzer (MECOS Co., Moscow, Russia).
Cells may also be separated by sedimentation through a preparative density gradient
such as FICOLL™ or PERCOLL™ (Amersham Biosciences, Inc. Piscataway, NJ
USA) (for exhaustive review of densitometric fractionation techniques, see Pertoft, H
J Biochem Biophys Methods 2000; 44:1-30). Thus, the present invention provides
an easy and rapid approach to progenitor cell generation and isolation. Previous
methods of isolating such progenitor cells have produced progenitor populations
which lack desirable proliferation capabilities, 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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25 Thus, according to another aspect of the preset invention, there is
provided a method of inducing differentiation of vasculogenic progenitor
cells into endothelial cells. The method is effected by culturing

wensaulegesic progenitor cells in a differentiating medium whictyinglusies @&o

serum concentration lower than 5%, more 30 preferably lower than 3%,
most preferably lower than 2% (v/v).,}he differentiation, maturation and/or
functio gt of yasulogenic cell f‘ SMC and/or EC) nge furtI%e to t
enanc iy e BRSO Rte B R gt o e
rahingE006/081 05829 eiveniidorde chaeerszaddyiyeomahprdiesably gells

?ﬁ%éigg“ﬁ{@’Q&déﬁm@ﬁ%ﬁéﬁ%ﬁﬂ&%&?@t 1R QaRlemZTRR A fe, ei&étso%d

ficient'to enhance di iation, maturation and/or functionality of the

oadelRlifbnsaskies ({EigEratiple SHersiitRioVPyol Peedrablypthineigpsdurey
alovassiaasni ealisu? RisheaniQicsss BEeetad) PYivsHg B dlov Ghambien

such as illustrated in Figure 10. While reducing the present invention to

phiastlee, fewaythsyedidersndatiasnothge irrtlal Spsderitoddirsrsmimsonares
meshiern sndsizsaleriion ML fill BHamnitbe MASCUIP 88MICRI QRENHRTL RRlSIC

and nat the smooth muscle progenitors of the present invention

BERBOH &1l BRIt REHRLH Rk DB AAERfEF cdfeone periods of
pradifeyadionortiusataccatcingde anatherasp ecibbdoepresentiaventifftage

there is provided.a cell culture comprjsing .a population of vasculogenic
PO AR PGB, Lo MeratE it anbiae A
forlasdenigwyetld)days or more and being capable of differentiation into

smootrbrtpeuscle endothe&%c%n(ypr{%ge@grmg%cp%gﬁc cells upon exposure.

10 'the.lmgo i S 0 .varipus  theraneutic
to at least oné angiogenic, vasculogenic or hematopoietic growth factor,

appoedeliex] h&r@i&&dbd&ﬁer;ﬂti@imﬁqo@ekbmhtgunécofpfagumsgaﬂinmm an

?I;ﬁ”o %X%?a'i ded@n Qr{“ﬁ' fained in auglat ‘.’e'%Hg{?&ffﬁr&%&%}S%c SIS cells
e pluripotent, and proliferative character ©f embryonic and adult stem

oedistaefan sidturaiidreendengsl oitentduratredbdensfitietion (HhortisgudA. et al

RIGRRIAHOE3IE . ANGIOLTIRGL ILGUSFHEGAGNIGEIINGRHSHE IAASRIOLS Qs

precursors are cultured in vitro with appropriate differéntiation factors, to

SehrdotioMa iy d kAR tABO n2ER ! Hs e d Roraselinaniditacednsn sacdises
RerPRptegical: iechemicaland anaiQmicalsorIfmizaloHNg. 721) has been

recognizable and functional tissue and or%an structures, which may 25 be

deenstraeshbbirserrirtadon i eariraraestsbfasitmci Ao ryamelaplharimsn et al

N hematopoietic differentiation in human ES cells by culture with mouse bone
marrow stromal cells (Kaufman DS et al PNAS USA 2001;98:10716-721, and US
Pat. No. 6,280,718 to Kaufman, D et al) and Carpenter (US Pat Application No.
20020039724 A1) induced neuronal and glial cell development in neural progenitor
cells by exposure to a cAMP activator and/or neurotrophic growth factor, Benvenisty
produced puisating cardiac muscle cells and neuron-like celis by exposing human
embryoid body cells to a variety of growth factors (Iiskovitz-Eldor, J et al Mol Med
2000:6:88-95, Schuldiner, M et al PNAS USA 2000:97:11307-312 and International
Pat Application No. WO 0210347 A2 to Benvenisty 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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bioreactors. Examples of tissues that have been engineered in vitro are
cartilage (Koch RJ and Gorti GK Facial Plast Surg 2002;18:59-68), skin
(Lee KH Yonsei Med J 2000;41:774-79), genitourinary tissues (Atala A

wO@un&pitidrol 1999;9:517-26) and pancreatic islets (MariaPEngienG®matso

al Braz J Med Biol Res 2001;34:691-7). 30 However, these tissues have
been engineered from differentiated Jissue components, not from stem

cells. IIsh been sed fo roduce functio
2006/04D SRR 0600 DARe B QiR Bt
(remiiiskypet b Stiened BQOBKQ@BIEBWJ;@a&@@nd%mt&mlsmﬁKMan or
Ee%gm OletlAgSmU A2001,98:10716- -21) in vitro. Vessel-like structures

ave ormed in vitro. Kaushal et al (Nat Med 2001;7:1035-40)
reportets periibstatesh dothe Bk araden retsolonviiing fiistiomaxBosure of the

DEQUERRGIS % CHRUHIRLIZE dBAGINE YERREIOhEHRARGIY & FrlBNA Betors,
USA 2002,99:4391-96), working with human embryoid body derived

ndieen ShiFratistion ineriseifit Mot ianeh PHSRHEDRRe BHRRAUFRS fipe growth
RaRiosl aaE Miciauasskls éﬁséﬁraﬂé@s&&*aﬂ&%' ORolBWEYRA! thBae functional

vessel-like structures typically lack the normal comC{JIex vascular/mural

&@aﬁ%ﬂzfrﬁeﬁ%&@éﬁgﬂo%fm%%e VEsEeard 25 Whikhilsourapstn e

BieseRéday antiloRIABlICRCILWABIBIMBENght peRCKbERL hkcle cell
vasculo enic progenitor cells of the present inventi on form sm Il,

HELGR St w TR G S ROSYEE G 108 fpoietic
Eﬂﬁ@é&néﬁl@ﬂb@ﬁﬁ&a&hi@g@ﬂ@@@gmulﬁrss@mgzhwesmzﬁlgmate
scaffolglfagl%yre 4A and é;BI) In bot? ases normal hellal and. d
mural %é? SN reeése\?lti“a’ 1891 mw‘ S
blethddcell forpmiipnswithiin thedl v dsculdre wpniames QThu:s;:wlogaucb r;gdgx:mtor

raspect o the prese tlnve t| N th ovided.a metho
Bélgpa%ﬁg VASEUR: [rl?lg%ue nTf1e me od |s Bifec eg) %y 'fcg[u url’(ﬁ tha at on of

Wmﬂagmmpmwtmgeﬁmap rdageniat beksabobe, présmﬁttmﬂtmpppum@n
e%%%eaﬁsr% ot %%sa%é foasy CB%%%@@{K}C%{P&%%RQ%@%%‘M& fasian.
S Suitable r in

under coriditio Ing vascular tissue differentiation.
Aedordinngteroméieenll défiferentiaiicahis aspect of the present invention,

vasculaf, (s denRreakbv Sifingche pseulpganis proamaltonels:,

in a semi-solid, vascularization-promoting medium. Such a medium

Wﬂééﬁﬁb%‘onﬁﬁr@é@%@tﬁ&cé}lu%’ﬁﬁf@ﬁrlﬁ%nﬁt?ﬁ@%(fd?aex@ﬁm@lﬂgwal
Matrigelo B Bigstiraars BediordauMAdH=R A AESollagen{g:9- falidalle by

collagen I), in which growth factor-treated, differentiating vasculogenic
defiaitipn ﬂ&@cﬂm%‘ﬁﬁg@? dma ﬁ)@t@%\,\t} hgn progenitor and stem cells.

Examples of somatic cells, in the context of the present invention, are endothelial
cells, smooth muscie cells, and blood celis.

Numerous growth factors have been implicated in the complex processes of
vasculogenesis, angiogenesis and hematopoietic differentiation (for reviews, see
Carmeliet, P Nature Med 2000,6:389-95, and Yancopoulos G Nature 2000;407:242-
48). Although some (i.e. VEGF, Ang and PDGF) are more dominant in their effects
than others, effective differentiation of progenitor cells into somatic cells is typically
a result of the combined, and temporally 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 inciuding, but

not limited to, vascular endothelial growth factor (VEGF), angiopoietin (Ang),
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factors may be any of the abovementioned vasculogenic and/or
angiogenic factors, such as vascular endothelial growth factor (VEGF),
angiopoietin (Ang), platelet 30 derived growth factor (PDGF), ephrin
WEply/dbreblast growth factor (FGF), tumor growth factor (PGFH)1anekso1650
placental growth factor (PIGF), known to induce vasculogenic and/or
angiogenic growth or development. Iy} a preferred embodiment, WO

@%%ié%@iﬁéd Fg%%ﬁ%@ﬁé%’g@Bg%,gg&%@mtasfggéggmof&%%em,

EGF165 and™10 ng vascularstructures is”
typieallyeemdentladter 7(15Hayspireertialioerc®itara@nsticPéntathetiakis.

CAMPAREALS, SuERAsHRInG -Raladenrdies and linpproteln capsulesiscr),

vessel'lumen, and blood cells are detected by histology and electron
Miergkeos celens-gurallelin i s ESGrh BID <286 ieRWekidEr fefrsaphiage colony

GOMPIEX MR IEMRIE i8S UR AN CRUBRIUE MANRISADE [Micked ihyiliQied
by seeding the progenitors of the present invention on a porous support,

&t Yool PORRERNSYHEbE ORI kR G ERE art (see U.S. Pat Nos:
5,759,538 mnhSrel 40 Al bloaMneantbetiRit and BEhIGL RSN WRhaetors

and have been recently proposed, for io example, as tubular blood vessel

m%ﬁ?é@é%%mgemaﬁ%ﬁ%fﬁ HHipepeHEtrd oty h By BeIkiRpnt. and

Viasepiat regsnaraiiodd SriRatAnplicaiion 202 00R663 1Al iRmbRFNbT, the
, for wound repair with fibr, sts ( icatjon

S A oy ) s Tar e A e BF Glnay

Athplicatiend 20 0FQO28R1idriovddB nhigr R IIOFeAal )A e Grasike badimenttant

of theg esent 1% invention vadsi:ular t%ssue of greater.th?n capillary size is
111 SO ‘(ra IBMSCIE'I eveioH]ment ar Pmen Ormation reslpectrve s
prepared by culturing the vasculogenic progenitor cells on a

3-dimenhbiodifseaffidn v prefdogedice mbechmentetseistaffoiduia smooth

%](9‘1‘?cQﬁ??@%ﬁ@S@?BQ%%&%&g@ﬁg{%ﬁ Ci‘c%%chﬁ%farka&%i&ﬁﬁ{ldin the

poly actlc-glycm or alginate, erentiation medium contains

@iﬁfmmﬁmmm&éﬁiWW)%mehﬁg%BB (10 ng/ml). Vascular
20 tissyg, pf e PEGRER! ANYBREQEELOHNHAFMED B0AHNAERCA T ided =

typically demonstrates vascular characteristics such as lumen,

oA etfa Repriasing SasaHas claoedl snussikisellisibee aaecvinganit erpaskitor
Eaglor at 14 days in culture (Figures 4A-B). Living vascular tissue
prepared by the method of the present invention can be used for

regenetdfvEBSHG Y, siferiest ReoTalbEingyatorossHenrvREiiar felsen 2

2HYREGHARLISSHRIN AN RE IMRPlaBedRerBRYARG 8 NMIRY tBERIU! more
organisms suffering from insufficient or faulty vascularization, as in the

RiroRRE gk SRAR GGy [P oY drabeelly Biehro s i€ d¥pBriencing, or at
risk of scheiaigotlaniag edidréftisebenic heastiisaase @ogenitor cells into

CRie RIS R RSaTe SHmaY;, vagsuiar f3°US & iration of serum in the
differentiation medium (see in Example 9 hereinbelow).

Thus, according to another aspect of the preset invention, there Is provided a
inethod of inducing differentiation of vasculogenic progenitor cells into endothelial
cells.

The method is effected by culturing vasculogenic progenitor cells in a
differentiating medium which includes a serum concentration lower than 5%, 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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the present invention can provide blood vessels of large diameter for
tissue 30 replacement therapy in cases of surgical bypass, vascular
degeneration such as atherosclerosis and autoimmune disease. WO

WRO0O40755 PCT/1L2005/007.050 32 It will be appreciate@@iar.26¢s/001050

differentiating cultures or vascular tissues prepared from vasculogenic
progenitor cells of the present inventjpn also provide a model suitable for

i tigation of processesd fII tIng V. gj }{g}]grgm LA
%Hgalrr%?cse gAup Q:asUT Som g: St PE % & ferably at
unction. For examp e,%ﬁe cells’and tissues of the present inverition may
escURutpe51im fbreapiese peodf siEpientdd okienpsaddfrbntiatitiboieyration

5?.29&99%&@5%&@&99 the lke.0cLxRoSRAd0 man-standard enyirenmanta)

factors such as témperature, gas partial pressure and pH, or co-cultured

Rrafesaphe Semevpeswsiieffromoasaictialsds orshpefosrganisiivsied e 2
mRABmeers,of gronih.and g@@{g@mnt, such as failure or delay of

endothelial marker expression, loss of proliferative capacity, or dis 10

organiZ&dh HrHCHEoDaSRIREEIL HFERR He d¥eEiisdito Mtetials thhat

effRctial ¥ U fR6LRESo iisreaansdinguanatian AsRactRIiDG RISsEHN,
invention, there is provided a method of determining an effect of a factor

B VASBUREETIS BBRERE, TGN itof MR A T APIRETRGY IsO! the
sttestedbyeexposiogdherpepulation plivasculpgesic Sapdoyehnitictals afll
the, present invention to the factor, and determining an effect of the factor
8??%&%”6@%. The vasculogenic progenitor cells can be exposed to a factor
suspediekpdciobdiitirnig arctexwarpgtlatihg yasenlamchatielopimeents proidbd a

onmodification. Such, assays are el known in diwo developmentiand. g
fE&sedrch. and’ May be emp%@eg {020 tesFindesirabl& sfie etfects of
subisitzabbe s intenifdaforthedifateneated b athdor npfengascidalepsocessesind

r. alternatively, may:. 10 discover I inhjbitors -
S R T T S, S Hentpty oo
vasetiavidisyedisnimenasbosowti ciniribnenef eudiagerychaasculogenic or

Yesauipaenic RgG r}ﬂ%ﬁ_eéksd%ﬁ%@&@%'%ﬂsmﬂéﬁgﬁeéﬁfﬁwyof the

optimal, for vasculogenesis and 25 angiogenesis. This includes ]

B Rz EHSAtSINTER| bf LoRNS6H ks maieigedgipwtelai wiferaritffeifiated
fagtors), temperature, substrate composition, gas partial pressures and
the like, for the specific stage of vascular development being investigated.

Indeed! ¥rHETatisRingrtherpibativirrbierss /5 pretienicrpd srdksiem cells

indentarsi found thatinstdaation @t vasadogenis prageniacalisoahing and
present invention with 30 an angjogenesis-inhibiting anti VE-cad mAb

Bwvﬁﬁf@@‘diﬁbwﬁﬁ%ﬁaﬁ%iﬁﬂ% $SUE Progenitors or Precursors are cultured in

vitro with appropriate differentiation factors, to achieve not only differentiation on
the level of the individual cells, but also morphoiogical, biochemical and anatomical
organization into recognizable and functional tissue and organ structures, which may
be used as a source for tissue/organ grafis, for artificial organ support, or organ-
bioreactors. Examples of tissues that have been engineered in vitro are cartilage
(Koch RJ and Gorti GK Facial Plast Surg 2002;18:59-68), skin (L.ee KH Yonsei Med
I 2000;41:774-79), genitourinary tissues (Atala A Curr Opin Urol 1999,9:517-26)
and pancreatic islets (Maria-Engler SS et al Braz J Med Biol Res 2001,34:691-7).
However, these tissues have been engineered from differentiated tissue components,

not from stem celils. Embryonic stem cells have been used to produce functional



(Figures 5A-B). Similarly, a drug intended for treatment of early

complications of pregnancy could be screened for potential harmful

effects on embryonic vascular WO 2006/040755 PCT/1L2005/001050 33
wemetopnient, by exposing vasculogenic progenitor cells, remormimgotiz@oiose

drug and monitoring modulation of growth or development of the cells by

methods commonly used in the art. gimilarly, factors stimulating or

atj iogenesi r,.vascul sis\H the,) |
D o

é&ﬂmriﬁgﬁﬁﬂ@%@éﬁ _Bﬁ@efiih@&a&&lﬁ@dr@e?_’éi@-éﬁdlwit@giogenes_is
include, pERTARS. REPHINRIMELES, RO REPUIAES AP RAIGS, CREINIRAL Med

compounds and biological agents. Since progenitor cell populations are

FGhIy: APH rféd e apontssu e BiRgiReE ringo terdisb pRAPRETGRr arfdTaen Sraghenal
Hae@@éw%rﬁet&wmméaiogb@@%g%hlé capJhRQVide g SPMIeROSA
e

devel%pin% cell populations bearing unique, previously unattainable

P asi8 At A sk nga i PR PRI INEY Bfrvedesaderdial cells,

sestenhereiRbria, trenrsautogenitrpaciterssll pepwaionekibapon
Eresent inyention exhibits active proliferation thus making such cells

AR AR S g e T BTG TS aitfe TUP TS BRICRHE, R5keBsnijsinal

capplle wkaxpressisioalldaast anehaxogerys Nelpeided Exagenous

polypeﬁ}&ges expressed in such a cell culture can be cell surface markersi,
cell-surtares affiyerne, AR%id5esnt ARYSPECYasluiaeife kst aftfPrismely
srvedmidaiet chéactordopdaditimogtnaly peptidtshithat ean inecaxprefsecs aue],

for example, varigus. receptars, ligands,.cell adhesion molecules
T e o T A 2 L BRSPSy fctors
(Bigoulndanit) progéniter valislef fragivesent myeatiorcaiialdbeFigures 4A and
mANPHIaLeh Q. RX0TGR5. SXCURARNSAPRERIKES BYDAMEURRO Bccrved
nucleotide sequence encoding the exogenous po )%eptl e, Or a precursor
{Erawos the-exanenvhd3 polypeptides. Biroderrdudommeitpn nuidheic teidvascular
ces can be transferred to the 25 vasculogenic progenitor cells of

the culture by electroporation, calcium phosphate, microinjection,
lipofecliBks. rasetdipioth ansiie) HPACRbBIAPIRCH Y BikE: hewss pisided a

KRewe Ronephordinackakil iRdhe aile RRIRRDY,. exRiRaSION Alili8ng the

exogenous sequence(s) is inducible. Cells expressing the exogenous
P YasHH g Birdunet HAo b At by iseRh iU iPKiB W fRnCe
HreaaridneludinGibalifRind0 HRakad 40, 10uHAONGINA Ofactor, under conditions

immunofluorescence, ELISA and RT-PCR. Cells expressing exogenous

BEopls a R CHRE B YR LESEE SXISAFIEH OBifferentiated and

According to one embodiment of this aspect of the present invention, vascular
tissue is prepared by culturing the vasculogenic progenitor cells in a semi-solid,
vascularization-promoting medium. Such a medium typically comprises
extracellular matrix components (for example, Matrigel- BD Biosciences, Bedford,
MA USA) or coliagen (e.g. rat tail collagen I}, in which growth factor-treated,
differentiating vasculogenic cells are mixed following aggregation. The growth
factors may be any of the abovementioned vasculogenic and/or angiogenic factors,
such as vascular endothelial growth factor (VEGF), 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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used for, for example, repairing or augmenting a defect. In this manner,
cells, tissues WO 2006/040755 PCT/IL2005/001050 34 or organs can be
prepared with exogenous major histocompatability antigens which will
waepraase rajection of transplanted materials by the host orgagispnados/ne1050
addition, cells expressing and secreting vasculogenic growth factors, or
overexpressing growth factor receptors can be selected and cultured,
gﬁeatln%%ugure% (gré/ culo e[%% roge |t% cell IS W ﬁlggrgg te@P%ﬁ\'
ynamics BaTeTie1s sens |on Feciors: vasculogenlc
mg@nrtcstmeﬂsasokatepidwlthewﬁathcxﬂisroflthé ﬁwsenbuﬁsatmmtlcﬁhmtbxesnc

gﬁﬁ&ﬁhﬁaﬁﬁt‘“w' FEsre?JEHe”t e‘éa? | BsLYASe, re'z%‘t%% capsules;

ISease Potentla ations inclu ece trans antatlon repair
dapeldethen dtrxt)hktﬂdecmib Hssdetscizdsy Iasitm@m;ﬂrelgmmmg)me as

%@Qﬁé&‘%{){ﬁ@@éﬂgﬂg@g@&y& medidng,fxamples of such therapeutic

applications of stem and progenitor cells are the augmentation of vessel
growth %sel%aﬁﬁ@raﬁéemﬂﬁeeﬁ et iesiR RRE RO BrambTiokest mdvilro by

epdotielial BrOARnIArSEMANVARRIR AelAbl it IRIeR 2003 63 4s3H1d.

and the neovascularization by adult endothelial progenitors 5 followin

LRSI T irardel shore &?%Hée‘i(iﬁawgszé@t%ﬁ?@.?e%? 417
20029028488 d BugoarroislingijoeyehantherasRest-of4he, HieseRld, for

invention there js provided a method of relieving or preventing a vascular
(EBBRIE 3 BRI %da“i??ﬁhﬁw&f?’afﬁeélfﬂfeﬁ?#@*ﬁﬁ‘éﬂib@%@F@E&@Bf’&;}m
agnisysteiinofthe yasta agasmeradorpogaitar ApHs RlitheJm@oentsss Al o

ventlo thes bject. Meth ds of. adml the itor cell

STt b chon o HEBetEPBir e or SRR <o nchgRcaton
m@mﬁoma énp Raitatierabf dine foe s vinio Haig ehgiteemgm-ﬂ Su Pmc:@,pﬁﬁtetlon
IIst?(EeS m%%zntl 319 be msﬁrted into a}ndellve%?? éux%?g\@’h' fhetgﬁ?,sgm

CI|I y ||Juect|on orfi plantaflon or the 25 cellsin
suixgetits,, Saﬁﬂuldehl\zemy degreesintindepilbes, sezg ;sqaﬂpeiedsbsfmulm}amirﬂ@

%%'Aé %xﬂg' Flég %F %%g Of a e%&%ﬂé&&gf‘ SL@@OPA’efEﬁr t% referr%d

embodiment, bes a |t|onal y have a needle, &. g., a syringe, throug
mmﬁmenteths etaffelihientmasn hedmreﬁahﬁedpntmﬁécsmﬁgmaatsach as

E\Lr recilacation: B&?yl&’éf?&%%%&%&?d"&“}?g ’ﬂ‘é&n%ﬂ G N IRGHGLLINIR,

suc adellvery evice, e.g., a 30 syringe, in different forms. For example,

PREVEENS e‘ambeffsqﬁsrpe\ﬁ@@@ i1 &58o1atieh epd sBETUBE iti @ BipPbrt Yasgur
VME’&Q!@ C@@@eﬁéﬁﬁuqm@rﬁﬂﬁv %HRVIGE- AShUSRd 2[preiD, EHBEIMy pically

'solution” includes a carrier or diluent in which the cells of the
demonstrates vascular characteristics such as lumen, endothelial and smooth muscle

cells, cell inclusions and von Willebrand Factor at 14 days in culture (Figures 4A-B).

Living vascular tissue prepared by the method of the present invention can be
used for regenerative therapy, and for neovascularization of non-vascular tissue.
Vascular tissue may be implanted into embryonic, growing or adult organisms
suffering from insufficient or faulty vascularization, as in the microvascular
pathology of diabetes, or into tissues experiencing, or at risk of ischemic damage, as
in ischemic heart disease and cerebral-vascular disease. Similarly, vascular tissue of
the present invention can provide blood vessels of large diameter for tissue
replacement therapy in cases of surgical bypass, vascular degeneration such as

atherosclerosis and autoimmune disease.
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WO 2006/040755 PCT/IL2005/001050 35 invention remain viable.
Carriers and diluents which can be used with this aspect of the present
invention include saline, aqueous buffer solutions, solvents and/or

wiispessiansnedia. The use of such carriers and diluents is weatltknows, #1050

the art. The solution is preferably sterile and fluid to the extent that easy
syringability exists. 5 Preferably, the solution is stable under the conditions
of manyigelie and SaagrRafAIEReRied AU e conIAmInAN g
action of mlcroorpgnanlsms Such as bacteria an ungi through the use 8?r
forraxeaspilogpairabegsnichiordbutdnbl presew, iasedibic deidprevideerosmide!

anekihe ke Rolytians.of the davantion canhe Rrerared by NSRRI %na

progenitor cells as described herein in a carrier or diluent and, as

feneie, thexamoimghe srthtandrismsrabthapivenfonowtanopaitersyltured
ez BHQB, R URPQIAH SR N MR NS MASSHIAO &RIG AGC R GRS the

can be incorporated or embedded include matrices which are

RS RN EERAFRSat b IROBITRRRE HEBIEE BEEH0 BRETE AW IR HearReFRbgre, gas
pasmfuliadhe seeipierd: Natwakaadionsyrikatc biedpormsiakinsmaticasor

are examples of such matrices. Natural 15 biodegradable matrices include
OHREHAERRID S G heNeRy Ay AR S Hh RIAT B henE apdicechanigaire
andicellage Braatidnes noyrihetphiieg rdakle petitsaesvisealfolds)or dis-
include synthetic polymers such as polyanhydrides, polyorthpesters, and
ERTEAIORCTS ToBh ST Rt PR ABTSPIE AMGHRIGH dd e of
matrpofatiog. or embedding cells into these matrices are known in the art.

See g.grhuu.s. Pac{l. N 2&){;}1298 00 ??le?u.s. Pat. No..5 3%8 701. Thl%gs .

matrices psfba\l/(fa%r Sﬁ%g%r ot 6?8%80 L the pr en.} mvention. thete 1

r the ragﬁgtprdgenﬁo?%@Imn
viethandfatetethenefg e, thieqrefefadofomyanoniaictietietopasoulggevtic and/or
r itor cells are introduced intg the recipient, subj , Differentiation .
O S B g T s i LR e
oiegswitbhyescuiromgineting feonethie hersgtdingdisstremoningagnizdfect of

initiated Wy, Riedmplantation incubation with lineage-specific growth
factors. Thus, for example, defects requiring regeneration of smooth
muscleldgnvpecglesgnig witzeadis srilingbeerrergseddd ® e mBpcied of

AANIGHE AR RIMAHRSARICRE LTS HARIB  FURC I REBC USRI RGN ASCWALN

disease and conditions that can be treated with the methods of the

BrERBATTVEHII TRt Mol b AGEBINaRoPaL dEfaerVaded men e raso yilgto
ieshendasepertusiaTiRid iyt AdsarcthaiRitidhetenip teansanial Mascuah-

disorders" WO 2006/040755 PCT/IL2005/001050 . L
vascular processes, or, alternatively, may be used to discover novel inhibitors of
vasculogenesis. In order to enable assessment{ of effects inhibiting vascular
development and growth, conditions of culturing the vasculogenic progenitor cells
should be favorable, or more preferably, optimal, for wvasculogenesis and
angiogenesis. This includes optimization of medium components (such as growth or
differentiation factors), temperature, substrate composition, gas partial pressures and
the like, for the specific stage of vascular development being investigated.

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 5A-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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36 refers to vascular disorders existing from birth, including both
hereditary and developmental disorders. "Acquired vascular disorders"
refers to vascular disorders ensuing after birth, including secondary

wagaglarinsanifestations of systemic or other disease, such BSthE2005/001050

microvascular pathologies of diabetes. "Ischemia/reperfusion 5 injury"
refers to cell or tissue injury resulting, from interrupted or diminished blood
upply,.and the tissue damage, especially the inflammatory. respaon
e, ST e h T A Rk TESOLE (g
wkigkorirgynivehediidnorh guetthtreatenelopineit ¢€ tscbediniby outididongmmonly

(Ras el SRS A NaCR B R A RerR e

; | g'o%@ﬁ%&aéné;@r
ischemia), woun ng, tissue gratting (including transplant) and

vesaivsaseivonihy wedaselii @_’é}ggn'tStheéiﬁdsw@m@@ti@W,&ﬁ@?@x@@ﬁp@b-
éﬂﬁﬁ]ﬁpr‘a&?&%iﬁgg&p'@ﬁ%ﬁ .nt'@lgsrt{t‘?@:seQﬂ%W Weshulogenesis and/or

re-endothelialization of arterial grafts, and endothelial regeneration in AN
SREIRESTESY. IncadaPaRiigats RrRlieRmRimstisevPoly ReRS Eempliihediay chemical

@@ggﬁg@,@gigg@@g;ﬁé@,@gpgenitor xenografts in primates 15 (Buhler L
et al Transplantation 2000; 70:1232-31) the methods of the present

inventicHISR RIS CHIPhEs Y RaRtEHETUAA A SR PRSP oL sUE SRERTRTE:
feindpeatment afsucheyereilartEaRgitionsfinaaHinaiohsereamhesain can

that the vasculogenjc #)ro enitor cg@s of the .invention, when exposed, to

RS0 i SAETGF o fth FETII i PR RGN ER, (55308 nHTgNG (greviously

diifereniidtecintadatesdbsell progenitors and mature blood cells (Figures
2K-M anpd 3D:F, respectively), the vasculogenic_progenitor cells, of th
ventcn] enRit B TEEA 1 GRS oL Eher B Gareapelon
thseaseubsgeninditiopeiitar e popaliaivswid)det. iBeseht tivedntient odiible active
eﬁc‘i‘hc%egt%% IEQ ini%&%ing tcme c%?llsl:.sziirgtc?le?bfu%egc:én% 19e1{1 %SPI%(E%H&OP %dering
Gnable Tor stimula mggdlﬁerentlation into bothtendothenaran oog
setls. delbm o logival disebés of condisioasitHattambexwesnedsarolypeptide.
SRS D AS-MARLReds sonaeniipl andAcauiedRlond, kers,
%‘lrs%%%d%ers, g%o%#ng%sor‘ errs and neoplastlfc é?sease. One exampfe€ Ic? a.er'S
cilttimalelis ortiegonaitabioganice SvHERt Bgsatoasaihdactithandhprnsennietic
meRLON AR B BRI S dieRGn 3ty e ALAEIARNIE AU DYarious
deficiency in the endothelial von Willebrand clotting factor. While reducing

fisecpEs diianilie AHb Adr HRRCHOE Eiira SNBSS e PSR IR P ORTROFS A At lnmune
epdathsliaksalls WO 2006/040755 PCT/1L2005/001050 37

The wvasculogenic progenitor cells of the present invention may be
manipulated to express exogenous polypeptides by introduction of a nucleotide
sequence encoding the exogenous polypeptide, or a precursor form of the exogenous
polypeptide. Exogenous foreign nucleic acid sequences can be fransferred to the
vasculogenic progenitor cells of the culture by electroporation, calcium phosphate,
microinjection, lipofection, retro- or other viral or microbial vector or other means
well known to one of ordinary skill in the art. Preferably, expression of the
exogenous sequence(s) is inducible. Cells expressing the exogenous polypeptide
may be screened and isolated by techniques well known in the art including, but not
limited to immunoblotting, immunofluorescence, ELISA and RT-PCR. Celis
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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prepared by the methods of the present invention contain von Willebrand
factor (Figures 3A-G and 4A-B). Thus, endothelial cells or endothelial
progenitor cells of the present invention, or compositions thereof can be
wadmiinistenrssd, producing the clotting factor and alleviating thee elnttg/ooiose
deficiency. 5 In addition to the abovementioned therapeutic applications,
vasculogenic progenitor cells isolateg and prepared by the methods of
e PISERELITEIRN A0 BE S8 IR PIONIG, HERNR0 Qh hich
no_rclj-\éascu arr?) %ﬂr‘%ﬁ%?e%ty pgor vascﬁéla\l{r‘%zegl/S ?@%%.%%\Eﬁf?betlgem W ©
apPréedeaesd thizcope of tiaspiosieinpaiaaas dhallentss taginipthe iedision,
lisgue.onaineedng s ih-adequateRer aiom aAdsRUS ANL RIGANSIng growth

preparéed in io vitro for implantation. To date, most tissue engineering

REEPTOMREPRIVE redie Porselertsd Forb sy suBHo A3 VB BlRSri 2 Atimslagenic
thedashieaovids pereRa.anglatimentand tiansianoforvgen a8ithtion

nutrients, with varying and often unpredictable results, especially where
tﬁﬁfﬂ‘,‘scomplex tissues (e.qg. liver) are concerned. One alternative

approatheis,Heufafsitatianehivvasaiiansehaaanels iRelmaEON dthe present
micromachining, for population by mixed hepatocytes and endothelial cells
AR R WS 8 P RRRIS A D 0T 85 72T dtie s tataiied
rRiigseseCl Osalyt i appkingasrnatdeveliopmeninendathelirberlls Ravadedend
cocultured with skin (Black AF fet al CeIItBioIt.ToxicoI 1999; 15:81-901)[ or.
ATSORE (EreRen B e AT At SrarRiasinotac Stiry aé’é‘o?ﬂ’;sg&.&%ﬁ%ec%‘i gve
tagoiioiricle x mapbislaf nefwvwbekafenitiveagoligaonin g figsoeartd preeeitonopks are
e heen suecessiulingngincering viable. implantaple assularzed e
tlssuesg.mﬁwus, accorallng o0& firther aspect of fhe presen%mvention,t ere
isnplenigierh @medhbd ofdedstalanzimgaterarfratEmotissie.cThe rhathdalicn
it inj o] [ : ulggenic pr iar. cel .
D Y T T o
fotidiagnetion sitivanasransgerdcstrlbyenimiceclidimg rdetialiairats
W&}:m,  cells. In one preferred embodiment, the mammalian
tissue is an engineered, non-vascular tissue. Examples of such

engined g tid&wEding fRazseutivyinesicphrds HEpeRbAtEstiapidesinaF
sl demaheelisd RRNeRAUIG R Wﬁtﬁ@'ﬁ forimplantaien or-3Qndition in a

Contacting the tissue with the differentiating vasculogenic progenitor cells,

aarmperligic Sebiktre ThsdReiS8Hd i IFRETSH ofY a3 BYiResgoNg, sesqylogenic

GRoREBHLSEE! the PREIARGHOEIIBEUE MECRitgsitre, as detailed
hereinabove. Contacting the mammalian WO 2006/040755

PCT/ILY 868500 aEMSE R e (B8 PRERHIRSRSLY Rt WFoPISHBH g vention to
isnplenitatianinlertheniosh aigieisninendd injection or implantation of the cells

into target siles in the subjects, the cells of the invention can be inserted into a
delivery device which facilitates introduction by, injection or implantation, of the
cells into the subjects. Such delivery devices include tubes, e.g., catheters, for
injecting cells and fluids into the body of a recipient subject. In a preferred
embodiment, the tubes additionally have a needle, e.g., a syringe, through which the
cells of the invention can be introduced into the subject at a desired location. The
progenitor cells of the invention can be inserted into such a 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 carmer or diluent in which the cells of the
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vivo, into a previously implanted or existing tissue. In another preferred
embodiment, the mammalian tissue is an embryonic tissue, prepared for
implantation into adult host organism, or for implantation and growth as
wéar@mbiyss5 While reducing the present invention to practi®€Iitlzass algoso
observed that the cells larger than 50 m retained by the size selection
step of the present methodology comprise a population enriched in
16045617 GalsPEasHRo B HlaRe g ShARSETBe SRRl Sl o
ers a morp Figures 1H and IG, respectively). 10 Thus, the
ﬁ}esteﬁsqmenﬁ@mamsoqgk@ﬁm&iaernemq%f pugigarietpithetielvents and/or
Brgaeniphceke o HOLFEIBNGAIRA ERGHIRAIS WAThas affReied Orhe

turing the undifferentiated ES cells in a manner suitable for

@Fmérewamsﬁfﬂﬁ@blwaeedﬁogeh feuist dgetigordeis thid Sav SiFg 2k Yaryests.

tenRali (e QPRIIgN S fQhprIkHES: aldReRRIIA gt PERCHSOES ARHRSIE and
differentiation into smooth muscle cells, 15 were substantially similar to

eSS Gd tAEAThhBiFPRITHRAUAE ASIRE AICGARISABISTER AuCHith bacteria and
sus titutiosm ahs Meolh MUSEIRRE, %@@J@I SHMBEREHr SheaN-88 RRGE,

BB, in place of endothelial or va genic, growth factors. However, it
T Mt e G G DO TR RRERARHIAY meorboreing
pf@@éﬁf%%ﬁenﬁraam&yc@ﬁﬂae herialler aveseitogericuproganitas eellsira) other
Adul'évascular tlssu n}gﬂlseddcg eg.:ﬁot el%al End eg)lthellal cells,

dl %f?né?ﬂs a’{bulm% |zae 1) phology MATKE &74%4s well as location
and futsgbienmt Guarestsmethedsciorttize mtaﬂmemtvmgﬁaﬂmelb@be&mlyoe
upon cell urface mg{gkgr delteééuon |mmun%fIL%‘|orescence an

Cytometry (see, P oS, URevi B Snd Hillafr DE RS ﬁ%mgaqb}e and
Sbahddieeods] 78 150ds7 wiakingr¢heBapréparationrefivastu Ibllat:eH?saﬁuHor

%ﬂﬁé’t‘ﬂe%%%@ﬁlﬂ IPTARCEUILE o %ﬁlﬁh&o% SHERe %?c&”d Natural

lent. Thus, it will be appreciated e methods o e present

pivdetiedaiiaynpiierniniopdd nirsoblialetarrazpépas dulrs ﬁramnmghmlvmeric
Usssages wellias fram upgiisrentiaipdsteny aalig,in &&&?ﬁ?gﬂgﬁe matrices

embodlment the cells of the vascular tissue are dissociated b

reFrlAR ANchideriayhatie PbaRATs SUeh Bs m}whyéﬁéecaﬂbv@étha@ﬁers and
HiIGRHAR oo bR AN RINYIRHAN: PoliarasiAle dreallsy SR8 porating

smalleﬂj(smaller than 50 m) endothelial cells isolated bé size selection as

6 EAMBeA R S Fot A hASE AR & RIS SIS STRRISdy, Adulbat No.
apithalil calls cap. bea Xi20BGI0MOTES BeH/ILRARS003A5AI3Y isebateshd

from vascular tlssueﬁg a similar methaod, wherein the retained cell
P

BEEALABA s EPEHAPESSRIOR CRIR Bhithaliantets; besifieete preferred

form in which the vasculogenic progenitor cells are introduced into the recipient
subjects.

Differentiation of the implanted vasculogenic progenitor cells of the invention
may be directed by factors originating from the surrounding tissue, or may be
initiated by pre-implantation incubation with lineage-specific growth factors. Thus,
for example, defects requiring regeneration of smooth muscle can be treated with
cells having been exposed to PDGF-BB, to achieve a population enriched in smooth
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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Additional objects, advantages, and novel features of the present
invention 5 will become apparent to one ordinarily skilled in the art upon
examination of the following examples, which are not intended to be

wiimitmg4gsaglitionally, each of the various embodiments andragpectssfuiise

present invention as delineated hereinabove and as claimed in the claims
section below finds experimental sugport in the following examples. 10

EEAMBLES RETGISHGES BY;Mad 10 AHONWIISEXBHPIGSMUED and

together with the above descriptions, illustrate th,e invention in a non
fienripRraRElosodme raljcanechomentan tiver dersd 1sésitrarfaciar disorders

BBAFRIARE IR ks Ap dHlZESHIN Hag RresRRRVRINIRN INGWERIC or other
molecular, biochemical, microbiological and recombinant DNA .
fehrfigoed: Smkﬁéeﬁmwe%l%&@%}g@}a&@ﬁ|9fe‘§eﬁl%ﬁﬁéd ifsHemigdisnergsion
apeyfaeRxamniel "delascs |l t-oring:dy |abar atennljraual sRaniierkissd
al., gl’?S%Current Protocols in_ Molecular Biology" Volumes I-111, .
KeelibanRPRissug Ipiees) SRaeibe he a'r.f?aféﬁﬁf%m BRI PRISRECHIL
Rigtabyshidghir ity aind R0eHongsdadtimore, Maryland (1989); Perbal, "A
Practical Guide to Molecular Cloning”, John Wiley & Sons, New Yor :
(L568) HALET o e . TR bR o e B i
ddaditbark({Bitdatat, o edahpendthaAnadydis, ¥rdiakoratophdddnuabular
ies",. Vals. 1:4, Cold S W
2

S i H Lab P , k ...
RO it beafi, A Rl BRIBIRY TESS b od Nendisigns
250604 581 Be B G5O gnd, 272, a5 ACsibBiofoyyxAnmAb otoryoronary
" J - i . "Curr i
IARGRANS w6 el e SR AR IR SHUIRAA s
aprheisiethalelirigendmtintmo gy sh@ws. Bditivrenabpidiois Ratiapige In view of
sl T 90t 33 S 305y SElBESE RIS i

Cellular Immunology"”, W. H. Freeman and Co., New York 30 (1980);

Rilanlb isinslinbassyatatiene X85 VEN Hesafibdbrirmerbqsistent Biagpresent

SRIEHIHIC leratus, SREIBIEX AN RlRnt: StRAteNOS a3 TRBRBRIY suited for
3,839,153; 3,850,752; 3,850,578; 3,853,987; 3,867,517; 3,879,262;
HegEEREY WYBERHI SYIILES: WO 2006/040755 PCT/IL2005/001050

40 3,984 % 4345044 edH BA8S TRt 9add Dopelik pfddeminst 2628 16524¢
"Oliggnucleotide Synthesis" Gait, M. J., ed. (1984); "Nucleic Acid

VBTNt QXRS5 PmaIROii oS (asgs fapayiokines, can be
idRRECHpEFT RAtaTe Ans|dlien!’ HarpRSedoR. aaNhbliggibmsy delledBigures

&E%?ihmﬁ?lrﬁ%ggcg\%}}%ethg \rfggchu ggénliqci }!_a'r’oggﬁitor cells of the invention can
also be used for treating or preventing a hematological disease or condition in a
mammalian subject.

Such treatment can be effected by administering the cells into a subject under
conditions suitable for stimulating differentiation into both endothelial and blood
cells. Hematological diseases or conditions that can be treated or prevented in 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
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5 (1986); "Immobilized Cells and Enzymes" IRL Press, (1986); "A

Practical Guide to Molecular Cloning" Perbal, B., (1984) and "Methods in

Enzymology" Vol. 1-317, Academic Press; "PCR Protocols: A Guide To
wiietheo®7and Applications”, Academic Press, San Diego, GATHR9@)/001050

Marshak et al., "Strategies for Protein Purification and Characterization -

A Laboratory Course Manual" CSHLPress 10 (1996); all of which are

| qrated by referen if fully set f erein,: r

e ST e o ey U ASHaha octr

thisrein BreChetiédedBo. bEnwe|Frémshntish apis an ety brligrpvigedtio cehle of
GRNYRNIGNEROANE. Padaipdinless ahesyiss definpialldeah %&%ﬁh@i{ﬂg the

scientific terms used herein have 15 the same meaning as commonly
tiRdaslaparpdpdesiaonstaylekingrlehsiatYo which this invention

belongs. Althoughdngthods andmatrtalssimilalcongarivalant JathRsenic

described herein can be used in the practice or testing of the present

pRosHiBR celinisietrdatpd aramadhnibs aehrdyebtirduess dv enisera de
akd Methodse 2R Calhtzaltvredd ndiffesantiating MHPRABMHIBMN SO ized

(hES) cells, §H9.2, H13) were grown on inactivated mouse embryognic
Hsstfer [ayeH (RTEAEPLES Bl 1085 RPa O NB AECCA P WS ShRksag Bibr ot
Raid: ot hilss(i8 et Bi BEYnIsIO GGl RUME Mgl BF (aup yrdvaigandigipared in
g]uco e formulation; Lb[e Technologies inc., Rockville, M@r Iag}g 25 l{-Sﬁ)
S R AR R 2098 FS: (BT ISR SYRRC TSR S ﬂé? Serlin ©
reiptapemensapeblikGhd lvesbvibrghtism faemn0 thembbsnescapiorih grab mad:
1% nonessential amino acid stock (Life Technologies.Inc., Rockville,
L B Vo oo 2 Hob T OGN oy o A 20
supplticmbide dewitts, 1 ¥sptetal bovirecsehishn (FBSylkly Clomes Lisganlititahare

e A

sifesionBEePEfhnlEN (5 180LEsOn by Poradifiepetadsttsand saiftdhelnl ol

HERRInaG6ells Were,PRISHOR PN £Pha9en-Carle fBECIN ach more
Dickinson and Co, San Jose, CA, USA&‘(‘)r O.l‘?@gelaﬂn- coated (Sigma

cipsehiiearaking o Neosierskys shenterinbscas Avsnshteagsliivsd with
K i sgligfemZaie difigeeniation pediveecarsishing sl MENet al Int

medium (Life 5 Technologies Inc., Rockville, MD, USA) supplemented
Witkied ddedisgaerRyegottd LR 8GR, 20redlis ko) Biuide thifgpoutar network for the
EBomarcapgsthangb(dier] aciRoRAIesHRs: , ROk, in engineering viable,

implantabie vascularized tissues.

Thus, according to a further aspect of the present invention, there is provided
a method of vascularizing a mammalian tissue. The methed is effected by obtaining
a population of vasculogenic progenitor cells and contacting the cells with a
mammalian tissue under conditions suitable for differentiation of the vasculogenic
progenitor cells into endothelial and smooth muscle cells. In one preferred
embodiment, the mammalian 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 celis 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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MD, USA). On day 6 of culture cells were filtered through a 40 gm mesh

strainer (Becton, Dickinson and Co, Discovery Labware, Bedford, MA,

USA) and were analyzed or recultured for further differentiation. For
wieeulturarthe strained cells 10 were seeded at 2.5X104 cellsicm2oostypeso

IV collagen coated dishes (Benton Dickinson and Co, San Jose, CA,

USA) in differentiation medium (see gbove) with hVEGF165 50ng/ml or

DGFE- B IO /mI both.from R& Inc |IS MN
Ui o B RS %aﬂmP e R TRRE BB, or in
vasGU ﬁanzamopra@saylsr 15@1@@1:@ tloreevdmsmﬁim culﬂurea}rfdthate@rcédtsed
HIE% 9{%1 %g '”lg'ffe{ Qléaﬁg%ﬁ Eﬂc"\{ %}18%‘ f%\wxlngi%ﬁmn

5 mM) and s per m we e incu ate erent

rEcidit bostanamisBOrY faTl PIERaEs and shPDIGE-BB1ng/m| on
U”CO&%@@F&Q@H&%h@?eéﬁ?fﬂ?én’tﬂ%%%&%ﬂ'«?ﬁ?MQ 150 BHEBHT, e Fhe

hours to induce aggregation. For the collagen gel assay, aggregates 20

firdleelpeasn Shrsndfb ahroiRiepf drethe Himnselesrmsian @ Hir duesam mathodology

irAvpiNme Oéoﬁﬁt%ﬁogﬁ&l&{é& (3 mesmh Ehdsatfimans dﬁr&ﬁ@%@s'—@x ety
Switzerland Inltlally 250 gl of this mixture was plated in 24-wel| dishes,

IR GRS BRI pfmBEkerforas MATBRYYE, YEteHEadding 3o &F
efsgiftarentiation medium supplemented with the same growth factors. For
the Matrigel assay, 24-well dishes were Q ated 25 with 380 gl of Matri e}

(Bector) DK B S BECIR 5 ep’@)&’ AP Sty B Ra PR
Prdgesitet agir coaiamiitiecadeded dndhe rfﬂ"ﬁ‘éfi@etﬁﬂcﬁiifef&ﬁtbﬁtﬂﬁmcultunng

rﬂedllel 1’&0 r%%atgtlgcg %\éE eHgSOngd/ mlzmnnd Squ%] or(]’\a) ri] {*e:rrrxﬂ on into

SSSVE AGGregatés Wer résdSperde ecton

@askumgmmarpdomxsamumsed @ALahh@A@allmdaﬂgaieﬂaﬁmﬁsmmln(atrﬂﬁ@marfdr
n ad d to t e.wells with 30 differ on m d|um contal%nl% hVEGE,
ture %h Iil_reég 8?‘1 ?m elr or a néls S1gn Sm%)e HOoy uscle cells,

rwcubaiéfdaﬁuraﬂﬂzluhﬁys mwdlam@tzebbdjémgmcﬁwtram phméognmqsogwtor
5
%%%ﬁ% Q%J‘Eéélé?é 4%% S0 &e% ﬁeM\API% 14960 ch a5 PDGE-

/ /0010 o vascu arlzatlo LFI20 50 111 alginate
SdhffolaleshaprodothplirOohesiopminaendls oo dHoBgsywisdndned

pQvided vBliel Mmadal HeRGNABERIGUHAN MOIYRIEH-BREE. P03  the

Israel), As described above, the scaffolds were seeded with 24 hour old
EB‘FIII‘E d@ﬁ%&@%‘gﬁfﬁgﬁﬁf@fﬁ‘éfé&s&s described hereinabove; approximately

0.5-1.02%4306 wgliaiavengsaeededdsyaealfold . Airieplicantaining scaffalds
were then cultured in differentiation medium supplemented with 50ng/ml

Jisingyshahie I*@h@fﬁ?r Hppsehelogy and cell markers, as well as location and

function. Current methods for the isolation of vascular cell types rely upon cell
surface marker detection, immunofluorescence and flow cytometry (see, for example,
Kevil EG and Bullard DC Acta Physiol Scand 2001;173:151-57), making the
preparation of vascular cells for experimentation and primary culture cumbersome,
expensive and inefficient. Thus, it will be appreciated that the methods of the present
invention may be employed to isolate and prepare 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 popuiation of dissociated cells, and the
smaller (smaller than 50 pwm) endothelial cells isolated by size selection as detailed

herein for the vasculogenic progenitor cells. Similarly, adult epithelial cells can be
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BB. Hematopoietic Colony Assay 10 Hematopoietic progenitor capability
was demonstrated by seeding filtrated, VEGF-treated, VE-cad+ ESH
cells, as single cells, 1-2 X 105 cells per plate, in semisolid media

waupplemented with cytokines (Methocult GF+ media; StemGettr/ir2o0s/001050
Technologies, Vancouver BC) (for details of the assay, see Kaufman DS
et at, PNAS 2001;98:10716-21). Afé,?é 14 days incubation, the plates were
scqred, fqr colony 15 forming units , according {o standard criteri
RSN S AR e g A o
Brpri@elk (gelrothgieX) MahcohviereGlidinatisnestalieing. Dil Ac-LDL
and BrdU incorporation Cultured cells were fixed in situ by incubation with
4% paraformaldehyde (Sigma-Aldrich Corp., St Louis, MO, USA) in
phosph&ddibuffd retisatinai{RBReil ifed 20 e denwiegied linc piRwokvilieation
M BiOMoRRR NS ROmASTRG Al A Rsing Wl FRRF Bsne
were staine apccordmg to suppliers instructions with felevant primary

avliisttiesxyopteanttidman ROREREDIS pstEmeinge, Miditoapdiisat Ny the
U2fhsBRUES: ARHL GR3s fnquse @0 ASMARTRHSE AMLNG2IRE M einabove

mouse anti h Smooth muscle myosin heavy chain (all from DAKO Corp,
@afpenteniacd Anothe) SIAImg oRCEAE RENNOPHES CHAREMSTBRAHPRORLZD the
@gg@gm%g@‘gyplggg., Santa Cruz, CA, USA), (DAKO Corp, Carpenteria,
CA, USA), mouse anti Smoothelin (CHEMICON, Intn'l, Inc. Temecula,

CA, USA). Controls consisted of cells incubated with secondary
antibodies alone. Immunostainegxcniispregwere examined and

photographed using fluorescence microscopy (Olympus Optical Co, Ltd.
30 Harﬁﬁ?ﬁijf’?ﬁrﬂﬁopﬂ‘."’%? fanee ﬂwllé}seqém@ﬁo‘ﬁ,leamﬁeg&%gﬁtg the
célsaviReeripaunaigidswiie Q. 8p/midailklabeteidnsiciddIhskiBiamedical

Technologies, Inc., Stoughton, MA, USA) WO 2006/040755

PO LSRR TOTHBIHIRE ST FISTEh e B eioats iatures
waEhatli3timessanthrPBSEofiveduddtindéoparafourhnatdediy dadabdfogical and
minutes, examined and photographed using a flugrescent microscope
R A G R S S R
duttes afcediffeeamiatng Mol wasdamiminad abomsing MBraill' Saivirngpkitt

Eurendate i S PG ST Sl D
cdit(FRiediavbalet aldd6dmsnhBreisislove el ulol Bivderis} fwen PEEBy and
washesaixanien Witk rad efogao! padapeclicsRiilimmuaosiiniGecutar
Cloning", John Wiley & Sons, New York (1988); Watson et al., "Recombinant
DNA", Scientific American Books, New York; Birren et al. (eds) "Genome Analysis:
A Laboratory Manual Series", Vols. 1-4, Cold Spring Harbor Laboratory Press, New
York (1998); methodologies as set forth in U.S. Pat. Nos. 4,666,828; 4,683,202;
4,801,531, 5,192,659 and 5,272,057; "Cell Biology: A Laboratory Handbook",
Volumes I-111 Cellis, J. E., ed. (1994); "Current Protocols in Immunology" Volumes
[-IIE Coligan J. E., ed. (1994), Stites et al. (eds), “Basic and Clinical Immunology"
(8th Edition), Appleton & Lange, Norwalk, CT (1994); Mishell and Shiigi (eds),
"Selected Methods in Cellular Immunology”, W. H, Freeman and Co., New York
(1980); available immunoassays are extensively described in the patent and scientific
literature, see, for example, U.S. Pat. Nos. 3,791,932, 3,839,153; 3,850,752;
3,850,578; 3,853,987, 3,867,517, 3,879,262, 3,901,654; 3,935,074; 3,984,533;
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Immunophenotype 10 Cells were characterized using
immunofluorescence staining as previously described (Reubinoff BE et
al., Nat Biotech 2001;19: 1134). Briefly, filter-separated ESH cells were
weeultaradsas described above, in differentiation medium (akateniddsbiorose
10% FBS and 0.1 (3-mercaptoethanot) on type IV collagen plates for
12-20 hours, fixed and assayed for gﬁ(pression of specific cell-type
h

rs.wit i an, 15 VE-Cadher nt jotechnolegy,. lng,,
L R st o Gy o, S21.851:
NMitigesyddisidd SyhiEa)s"AGkastiode bdindRéd aritN fiflsicdlisdidybrstiortarn”
ithin. random fields (X100) far,th [ess f h of -th rker
R S5 0 P R o BE A R s,
ShdPrmendridigistiocRemicalsanbipsis 20nuaati§ellbFubisgjehreginepniaidingd-

eRdgsiasidesarinslrelie GRllpganae! aed #}@@éfigfﬁé%‘)'?'%@%%ﬁ%@%e to

assays hereinabove) were plated as described above onto glass cover

Miplsciep Adpaingisherbaly Fon(d8pplasbniethedtnie hizmelean: Vol 1-317,

oQatrining elblogksorpeauesis!ing Weskifixed indaluneutial-Ryigratons,
formalin, dehydrated in graduated alcohol baths (70%-100%), and

dviseaded aspasafin issonhérd 1180, Marshahsteddecaffiviedifsréosifaetim
eahydrated indregiatedialeohol. Lorgenrsa) itermomphalegy dsBiMPpress

sections were stained with hematoxylin/eosin or toluidine blue.

Bepatatiin S B HEHE R AN BLEATREY Bith tHE reelRaht PSriftarfther
asiibariefreising 45 Al viddai mhngLiHD AKOdCaRekiarPaateiias dufes WRAin

or Cell and Tissue staining kit (R&D Systems Inc, Minneapolis, MN, US
315 SEUGTES B e Rt e e TEeAHet DL TR VT e
astdephotographed microscopically at X100-X400 magnification. W(c)

2006/040755 PCT/I1L2005/0Q10 4. FACS Analysis Cells expressin
e enicsr grishse donned 38 techiidal 53 SEBNES RS SRR TR e
tisteoted awaningantitechfroniythedersisizebseparate drimaasiEl tethe art to

O L e e IR Y
RB SiesnieringeSoeRBScanchibated ViltHlisumastive C detiinqStistapresent
SR RIRSEANALANYHAE s BRI Z Chs HiBO vafiuman KDR (R&D

Systems Inc, Minneapolis, MN, USA), washed, and incubated 30 min with
suitabl&gézéHe atibséieds Cells were analyzed using a FACSCalibur
(Bentog-Riekingen and Co, San Jose, CA, USA) with 10 CELLQUEST

software. IN both a,ssaﬁ/s, cells reacted with second antibodies only
Undifferentiating human embryonic stem (hES) cells (H9.2, H13) were grown

on inactivated mouse embryonic feeder layer (MEF) as previously described (Amit
M, et al. Dev Biol 2000; 227: 271-78), in 80% knock-out DMEM medium (no
pyruvate, high glucose formulation; Life Technologies Inc., Rockville, Maryland
USA) supplemented with 20% FBS (HyClone, Logan, Utah, USA), or serum
replacement and bFGF, 1 mM I,L-glutamine, 0.1 mM mercaptoethanol, and 1%
nonessential amino acid stock (Life Technologies Inc., Rockville, MD, USA). hES
cells were removed from the feeder layer using EDTA 5mM suppliemented 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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served as controls. Electron Microscopy Cell seeded in Matrigel or
collagen gel were fixed for one hour in 3% glutaraldehyde, in O.IM
sodium cacodylate and then post-fixed in 1% OS04 in 15 veronal-acetate

wloutfee/faniskour. Preparation for electron microscopy analysiscwas200s/601050
performed according to standard procedure at the Pathology Department
of the Rambam Medical Center Hal , Israel. Briefly, the cells were

stained_with. Jead- citrate, d drated mbedded in Epon resi
Sections’ {N%%ge%‘f‘ ?%nth% esrgn&at @gﬁ% HEEX a%n%eﬁ% Rrh £ type IV
extaginechated {Bmogrﬁpﬂadsusmgdac&EMatOE§xczQ elsairan O 1% gelatin-
micro verse Tran t|o anal Total RNA wa
ex#a‘ci@%n %méi}\ orsgagn léil?fereﬁq @a%gév 8?(1:‘ ssﬁg?natt ] cemmﬁ?ﬂ of
(Sigﬁ%asaudmﬁ @deffe&m’umm mw&mpammgonﬁgimﬁém medium (Life

PARMACHULTS '”?i f?fz‘a taﬁ]@hﬁ“ AN E’ylb@/ FBS, (BxClone,

spectrop otome’try, and gg was or each RT sample

levgarsd tFangbtibea Wit frover Reoetect datclipthselgrssgRodrple.
Nslis o Yty RlIaR. (CETA R 4RAORIB A GOAB - M ARER Y Wer

USA) according to manufacturer's instructions. PCR™ amplification of the

§Brséesd RiskunptewaSdoRisvieB Brbae e BORead, RYimElfab and were
RPN Bor LG G do b gpnuyaltie. SRIAaAY) i3 Ne41RkOf R RFRdLCt30s

per reaction, according to manujacturers instructions. In some cases

MRS I SeERe ShtratiohU(n SFHSASRE 1 SPnikPEws ealipeshe aodisdicaitashSRsaton
TRRNSEIL88Mo, BiantHativeA esully ik et bh assdvs (88 B Rekh
PCR c g'i}g/‘cles for each set of WO 2006/040755 P%hT el;LL2005/001050 45
ohEswadsime Lo BRRPHERndArEmb ke fedionyfims Inc,
adlitieposl, mﬂmmemmtﬁﬂwst@dmweld equal amplification of

the hou (? ee %gﬂe% GAP ﬁy sani ternal standard. PCR conditions
and pro GetF oA v@ﬁ% gf’a{’rt‘fsﬁﬂl%wed by 30-40
cycles sdtual mbﬁmmmelwk)lm (ﬁl)x@i&@ 5dbs Iisaed (HYravndajmngn

Ta d bel 30 Cf &
g%%ge c?" %Lg ?/v arlil’?nt:I A rer}rll%v‘\éf 3%190(%%3??%5( f)%‘:y enag5 g@g%%%%leo iR
specificccondhivns wediffasefolitivs: mative 32oywiesg TH69'a (YEMRmueag
'E'I%@b é@t Ibn ACEEL (Eﬂg&teq l'x) &1%§§S’7( &éﬁéw%%'%ﬁu@m ?C}lﬁ‘g% for

Ta 60 C (Yamamura, H et al. Int. J. Cancer (Pred Oncol) 1998; 79: 245)
SNENTNT cg%bwgs to Indwe@gaTavtNg Aot (Berehagreal. WJ%@@%@S

GURY G820 P 3 A -afier HNIARA AR@YfIPSnd 2BQE LIAMATMRIGHE o

al. Int. J. Cancer (Pred. Oncol 1)
rattail collagen 1 (3 mg/ml) {F Hoffman-La Roche Ltd, Basel, Switzerland). Initially,

250 pl of this mixture was plated in 24-well dishes, which was allowed to potymerize
for 15 min at 37°C, before adding 500 ul 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 hPDGEF-BB (i0ng/ ml). In some assays,
aggregates were resuspended within the Mairigel (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 /mi) and hPDGF-BB (10ng /ml).
For ali assays, cells were incubated for 7-12 days and analyzed using contrast-phase

microscope (Clympus Optical Co Ltd, Hamburg GmbH).
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1998;79: 245); caldesmon, 35cycles, Ta 60 C (Duplaa, C. et al., Circ Res.
1997;80:159); GATAZ2, 35cycles, Ta 55 C (Kaufman DS et al PNAS 2001;
98:10716); AC133, 32cycles, Ta 60 C (Shamblott MJ et al, PNAS 2001;

weBzidkB)015 Tie2, 35cycles, Ta 60 C (Ahmad,S et al, Cancer2®@L2005/001056

92:1138); CD31, 32cycles Ta 60 C (Quarmby, S et al Arterio Thrombo
Vas Biol 1999;19:588-97); Tall, 40 cygles Ta 53 C (Kaufman DS et al

PNAS %)%%1& gS:%O%lG%‘E?%PDH, 32cycles, Ta 60 C (ltskovitz-Eldor J et
al Mol é 556 ‘g) 'I?gonucleotide Primers: 20 For the PCR

reactiohbtHe Yo owligigatpecifie!d|(§brpictclotte @i?ilmél% Womsagsels: (&7;18:
383 a8 G&&ﬁg&gxﬁ&a@%@%ﬁ%ﬁ%%%ﬁ @E%%%ri'&- ﬁiﬁ?l\}zérll% Beer

sense) and 5" GTGATCTCCTTCTGCATTCGGT 3' (SEQ. ID.
f3elises))- Thedsredherbabsize Bruaatiliopsmasedpdirgtivd (hur old ESH

CAIRAPIRs e I&TQQM@%EW&%£§EQJQ-.OI\}@O@%][S
(sense) and 5' GTCTGTGCCCAACTTGGGG 3' (SEQ. ID. NO: 4) )
WiTEseiEey. THe 5rEIce d Wis st mantrininy srids arrers P gmenied sin

Gifibvematon @edibt Glfsleéated Tl SH(SRQVESFNOind) AR/l hPDGF-
GCTTGCAGAAGCTGCTTCTCCAGC 3' (SEQ. ID. NO: 6), 30

gé?fresponding to nucleotides 579 (sense) and 758 (antisense),

respechieiropoteriRredisigdsied of band is 179 base pairs; (d) SM22a: 5'
CGCGAAGTGCAGTCCAAAATCG .3' (SEQ. ID. NO: 7) WO 2006/040755
PCTIL T&Brogglﬁ%rn%a %h H}g .wa? demons atc)dvgy see%ng %%rated,

CRECTGE] EFRET FSHARGG GGs3igBEElID RO 8)° (asitispase)atEhén
di ' f band is 928 base pairs; (e).Galdesmon;.5' -
R SR S R S RS G edis stemeel
CETOUTEG VIAOBETBCTET BHEE 1D 2N, 18)Keofrespbiding tBNaS
: ‘ P ; . ored _
ggﬁel% gﬂaﬁr?é%g égg%@eﬁggéﬁbﬁ%ﬂﬁ%%ﬁhe SERECWNEY s JhePrsdiciedy
feuacBCACETcRTadianaAsdsE gittpa Novas§ eéhsabindsAtlas of

TG bl bd GEAMGHAGT0d:5 (ShGhdy ﬁdéeh&&bé?éati‘@%ﬂa%ei{@%}.
predicted size of band is 242 basé pairs; 10 (g) AC133: 5'

CAGTé&nramespices PaxikADs qatEBydbingespargfiqtense) and 5'
GG CCAkrteAAMTCHST Ghed A s(RER - iHu ML AikRaYS §RRGY Il hyde
?&Eiegczlzil(g-%dsriég 8I)r?nin8dt Eoﬁg?i\tf)l%?%gﬂ)rsm phosphate buffered saline (PBS) (Life
Technologies Inc., Rockville, MD, USA) for 30 min at room temperature. After
washing with PBS, cells were stained according to suppliers instructions with
relevant primary antibodies: goat anti human KDR (R&D Systems Inc, Minneapolis,
MN, USA), mouse anti hCD31, mouse anti hSMA, mouse anti hCalponin, mouse
anti h Smooth muscie myosin heavy chain (all from DAKO Corp, Carpenteria, CA,
USA), goat anti human VE-Cadherin (Santa Cruz Biotechnology, Inc., Santa Cruz,
CA, USA), (DAKO Corp, Carpenteria, CA, USA), mouse anti Smoothelin
{CHEMICON, Intn’l, Inc. Temecula, CA, USA). Controls consisted of cells
incubated with secondary antibodies alone. Immunostained cultures were examined
and photographed wusing fluorescence microscopy (Olympus Optical Co, Litd.
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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(h) Tie2: 5 ATCCCATTTGCAAAGCTTCTGGCTGGC 3' (SEQ. ID. NO:
15) (sense) and 5' TGTGAAGCGTCTCACAGGTCCAGGATG 3' (SEQ. ID.
15 NO: 16) (antisense). The predicted size of band is 512 base pairs; (i)

wODRA LB BAACGAGAAAATGTCAGA 3' (SEQ. ID. NO: 17) Heemnsapand: &
GGAGCCTTCCGTTCTAGAGT 3' (SEQ. ID. NO: 18) (antisense). The
predicted size of band is 260 base p%rj 0) Tall: &'

TGGTGCAGGTGAGTCCTCC. 3' (SEQ. ID. NO:, 19). 20 (sensg) '
AT T TR S TSR IS RS20 (S, o e
prédidtecbsizérahilideidyie 331 baseipaks; ¢KpGARDMIShhotographed using a

ARl et R SR 6 8y o). The
predictBuiSizecofiranitbis B023bhsel paissab dore0 66y 69lEwas examined

@%%%gggﬁ@%ﬁggg%ﬁzﬁc%@ﬂf@%&_',S%HQ§ﬁ%£xﬁﬁ8&%§“@ﬁ§%ﬁ1§ﬁu,

enitor Cells from Human Stem cells Déspite

RSNG| i M B el e EnBTIRteTen BrisflycBirdecrmisliogyes Glrsedd it n
andhreedicing, aRalicadion f discoNeTRs marte 1IERERSH WINPBS washes,

non-human species to human stem cells has been painstakingly difficult,
fedtinhyigrdat iidernaipnd sepriic Pedto HDTVHIRSAINEe embryonic stem

cell (MEaxlinssuéabspample, retain their pluripotency in culture, and may
be predictably manipulated to differentiate in vitro into cells of

mesodértHal EH SHUATIETZTTY U8 dBIHEI TGRS SRF /itFo R B RERYISHEN
mmrmabmbmd igpale EH B&Jtelihhimbegs melara@h@g@tgrjlﬁtéﬂo%parated
incansistency, disorganization, and lack of synchrony, gbviating ..
S Rl vy o Tt B et 1 b ki, el
RIEMT 0P &R Biehd 998 3-38:t3Rek6hhdi punspingthelisghatipiatef for 12-20
ascu[p iC pro en&t?r cell from hu%:nan. mbrl)(rt)nic ste cells%hinittiall1
ﬁ%‘ﬁ%%ni% edodamal difterentiaton Was attemptad 1A 15 & novar twoe 2
dimEndlenal (3Ditrathrer thanetthadlmee thmefsioadl(3D)Modes Ao randosmty
i t the.ohse iIQMht empryoid bod
R B e ST A SRS R RaK anc

(i ikdsvereS-boasedwihév edogone Aeldo@ 105 fo7 4T dyprdiffarentiated of

hran.aoRnonicslem el Hae B9 2aRd3 oalks wars 20 grown as
previously described (Amit M et al Dev Biol 2000;227:271-78), removed

Histolomorphology and Immunchistochemical analysis

Matrigel or collagen gel containing cells (as describe for the Collagen gel and
Matrigel 3-D vascularization assays hereinabove) were plated as described above
onto glass cover slips, in 24-well dishes. Upon completion of treatments, the cell-
containing gel blocks on cover slips were fixed in 10% neutral-buffered formalin,
dehydrated in graduated alcohol baths (70%-100%), and embedded in paraffin.
Where used, the alginate scaffolds were directly dehvdrated in graduated alcohol.
For general histomorphology, 1-8 pm sections were stained with hematoxylin/eosin
or toluidine blue. Deparaffinized sections were immunostained with the relevant
primary antibodies, using LSAB+ staining kit (DAKO Corp, Carpenteria, CA, USA)
or Cell and 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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from feeder layer and plated as single cells on type IV collagen coated
dishes with differentiation medium as had been described for mouse
CCE-ES cells (Yamashita J, et al. Nature 2000; 408:92). Previous

wexpesienceswith murine stem cells indicated that specific catkgedugieo1os0

concentration is crucial for induction endothelial 25 differentiation.

However, seeding human ES cells i the recommended cell

conce §& 9451%)5104 cells/cm?2) resulted in cell death. Therefore, several
ing

cell-see contentrations were investigated. Seeding the cells at higher

concerftrdioromssmavhrienichelith ohogenitaubatkarey BOGR2. g50TYmnd VE-
cedsic2)dgsHIE Lin . INCoRTISRR mixed papstalion ot yundifpreniated

and differentiating cells (data not showed). 3o Surprisingly, seeding cells
aprlpiinclinr At a0 seromcarsmopDATyFe VY eollagsan asuisseraed
preoted differentiationsthadmesulied inivadistinaRanylaiens Ahieslh 5%
%/ﬁgs vggé%ure 113). A'significant proportion of the cell population
pisERad Wb droney STEEHIT00S06165% BiokiruplpgatisensSanta

with:large nuclel resanMiling erdotbetiakpspaaniter, markeleay, (FHFUTESA),
IB, arrOVé%%opreviousl recognized in murine cells (Yamashita J, et al. p
Ny&tfre: &czb@@%?mytﬂb%ﬁlﬂ%ﬁ@?%%q P HalERS Ritfnalyze

abvigus oS astuctiBentg riBsatraneads)sinlnaeCto sepanateith

t opulation d isolate the smaller, human vasculagenic cell
SN e e I T R
theveddothehaldike cells from the large flat cells. To evaluate the

propor%qgcgl;gr]&locth%hal rogenitors in the cultures, the filtered cell

populations were Chafadterized by detection of specific cell-type markers,
as previelisisededorivitize! forariagitodnvibrs ditkest éntieniokrof meiifon

%ﬁB&?zﬂH%H qderiyed er Ak Cells gIReuaine TR ﬁ%&lﬁiﬁ@t i§i‘¥%°6§<94ﬂ bn

9:1134). Filtrated cells were plated; fixed, and analyzed immunologically
fereinel expiase dtafiasibumbervaSeenaratnd deialattrondotpieren e caplioiowas

EGERZ. KRRImaNG Vascial sreethelialcadhednyEscat. Rt koW e

to play an important role in mouse endothelial progenitor development 15
(Rasriaidedisal deentep B Pttt 1898 05e 12y Werfesipiagtoth lead-

whak thergurieasian of thess markersriitedya RRRMALIORSa WaBickness of
%uantifie_d by immunodetection and FACS analysis (Figure,s IC-E), a
Bitfricie profemii ofthe snBekAaoRBERGSTREMEE Lere fg%wsx

exRiesSnviEreRd /8%, Figure IC) and a smaller portion expressed
VEGFR2 (28%, Figure 1C). When the 20 smaller, filtrated cells were
plated foF i SR B DS &F 48 mmunomorphology with

fluorestent 3N A/ vcackaniibd dyofigupesitRrdEgnd different lineage cells using
TriReagent (Sigma-Aldrich Corp.,, St Louis, MO, USA) according fo the
manufacturer’s instructions. Total RNA was quantified by UV specirophotometry,
and 1 pg was used for each RT sample. RNA was reverse transcribed with M-MLV
Reverse Transcriptase (Promega Corp., Madison, WI, USA) and oligo (dT) primers
(Promega Corp., Madison, WI, USA) according to manufacturer’s instructions. PCR
amplification of the selected transcripts was done with BIOTAQ ™ DNA
Polymerase (BIOLINE, Ltd GmbH Luckenwalde, Germany) using 1 p! of RT product
per reaction, according to manufacturers instructions. In some cases MgCly
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 cach set of
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significantly greater expression of VE-cad was detected (90.5515.20%)),
most likely due to the low fluorescent intensity observed when VE-cad is
expressed at the cell- to-cell junctions (Figure 1E). Trials of a variety of

weethee@diig densities indicated 25 optimal VE-cad expressiaratmeshodse
cells/cm2. When further characterized by RT-PCR amplification of RNA,
the endothelial-like cells were found,o actively express the endothelial

rkers CD31. Tie2, AC133/CD133, GATAZ and. Tall, eayl -

B B oo e laagion. o
Bloac:20065 98:85&lantt K tufnekh S btmbi0 RNASL081ho8He7 ey gene
(e U Jiled) RIEGRARNA RN, undiisieniaisd luman sie a
cells (Figure IF, hE § emonstrated no CD31, Tie2, Tall or GATA2

K rdbeicterandodaiyechimiExprdesiontafl ACmES: Mued tieknwheine 94°C

gy siorrine ;
e e ag e for

Ao peRatddnsUYathME fipdidatipetHensiacHid hatardbsrond SHgagelprEds-
RenRiueawth diferentialinnydmmunofuorascent s@iaing ahinQlarget: al.

excluded cells (Figure 1 G) revealed 5 the existence of epithelioid .
Bﬁerfotﬁ?é“é‘fﬁo@tﬁ‘ilnUQE@]clelllPeg%Pés%?é%eWéB"BWG%tf&}‘f’é%ﬁ’ggﬂdéo C
Graahdues, 6f & £NAST2000:8 1HE30n-and 98rkers (a5 M) MM detseirtts,

in the smaller, filtered cells. When further characterized by RT-PCR
L BeaE ok, B TLF GlciBb Lo AR bdociy 52
BX{IRSS 38pithaljofl.narkery Catpanirabd £ aldesman; Smoathrudsafcol. )

in{(SMA)..and SM to MHC (Figure, IH, Retained), RT-PCR of RNA frgm
O S b e s 8 By S R
196 BRI N CATwRKEey (Riguis 1155 Filtréedjiot®hat the PRASIRES1;

] \P are identical for.both th Il po i TeJNIY: )
S e R TR P PARa S 1)
differéhtiation . 7e560Wietitireath® etell, Sopotat?dnd adintffrerm ihe32cycles Ta

' edi i f r
R e e L TR0 R B Q0 cyotes
Fe @3 18d HharinaceBithalid I e4E 788 Y 138gd Shad it MRS cRRdikéesells 69e’C
H&@Q{g&g@&gﬁfﬁg@é@@gﬁ& Qog&gwg)while the smaller, endothelial-like

progenitor cells clearly incorporate the stain, indicating retention of 20
prolifel@tigerstrefidei§tieers). Taken together, these results indicate that

humary stem ¢elis, Ree0ad asSipeaRlIsREFPA RS EOBMaIdBadieSwere

and cultured in vitro on a cell-free, two-dimensional matrix, can give rise
#%roliferating, endothelial-like
{a) a-sma: 5’ CCAGCTATGTGAAGAAGAAGAGG 3’ (SEQ. ID. NO: 1)

(sense) and 5’ GTGATCTCCTTCTGCATTCGGT 3° (SEQ. ID. NO: 2) {antisense).
The predicted size of band is 965 base pairs;

{b) Calponin: 5° GAGTGTGCAGACGGAACTTCAGCC 3 (SEQ. ID.
NO: 3) (sense} and 5° GTCTGTGCCCAACTTGGGGTC 3° (SEQ. ID. NO: 4)
{antisense). The predicted size of band is 671 base pairs;

(c) SM-MHC: 5° CTACAGGAGCATGCTGCAGGATCG 3° (SEQ. ID.
NO: 5) and 57 GCTTGCAGAAGCTGCTTCTCCAGC 3 (SEQ. ID. NO: 6),
corresponding to nucleotides 579 (sense) and 758 (antisense), respectively. The
predicted size of band is 179 base pairs;

(dy SM22a: 5 CGCGAAGTGCAGTCCAAAATCG 3’ (SEQ.ID.NO: 7)
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progenitor cells, which can be separated by filtration from smooth
muscle-like precursors. 25 EXAMPLE 2 In Vitro Induction of Endothelial,
Smooth Muscle and Hematopoietic Cell Differentiation of Human
wdassstagenic Progenitor Cells In order to study the differentiation. potamstiedo
of the vasculogenic progenitor 30 cells, cells were recultured on type IV
collagen coated dishes, at a lower cell seeding concentration (2.5X104

SRS 80 of Ak 00! Fi (DG B bl had e Pl ©

ADs2086/0AG b dRGT/HR005/001 6 508 Stksaguce; SMC differentiation in

murine but not hu t Is (G r= r et
PNAS DD S A A g oL B Gtk
Shapt§’ abd EpihETIGIHpHehdlype TEedls WébE Qeldbtti@int theconitapending to
' ifant- ' e ' t I
B 1 A gl bend
iﬁﬁé@!bammﬂi@ss such as smooth muscle a-actin (SMA), smooth muscle
myosinReayvy gRain (SMMH g geaiperarPiirdcand Cﬁ'f’@é@%('ﬂ@?rﬁ)
2A, v-SMC), notably undetectable in the RNA from non- hPDGF-BB
frentelredlls (Figine TACESH Segefifor eéils). (HiRumdbiBrdsadantisense).

felectionel B hvman ameetrpysele cell marker proteins 10 (aSMA,

Figure 2B; smoothelin, a marker of early smooth muscle development,
Figure @C ASNEMHC Fifeve D SHd-EAREHA Eiybfe"2E) dSRRMBHAE: 13)

%B@ééi%@“j’fltﬁt@@ﬁﬂ?@@,%% entation hymm@@?@@e@?(antiscnse).
Srogenlt,or cells by exposure to hPDGF-BB. To test the potential of
RfRENRIED Ri6 rivothiiithaRe RABShuman 15 vasculogenic progenitor

cells W@g)efgw,osed o b\\#@@@mgmm@pf@mmmmm@gwp.
human endothelial cell indEctionéYamashita J %t al. Nature 2000;

06%:92) (PR MAaRiduIA A IR H GhEtbARIR (SEQ- ID.
srl-sppcifigssnarkeThe ¢RelinkaYEesprssiRFE D Wioadr-and the

appearance of von Willehrand  Factor (v tored in Wejhel-Palade
bgtlgies,i s%%}e%gé’cted\g\éy .%ﬁ%ﬁ%ﬁ&‘é’é\ﬁ@%&?@uéﬁg h&%é‘o: 17
(espertivelyy, OiAGAMITOPBRENT AGrRGMatuS EQl I FigOrel Bknsivehse).

en stress, fibers arra t in some mature cells (Figure 21). Most
Theredily) e sttty

ge'nﬂ;f%al Fﬁ‘/i Sé%%\?v Factorzmdticed differentiation, with either hPDGF-BB

or hVEGHAES; did niit iddiE6 BOheGgrSparienndmisnSEQ. dDbbid: 19)
ndothelial and-o 10 A TTCTTGCTGAGCTTC 3 (SEQ. ID. NO: 20) (antisense),
The predicted size of band is 331 base pairs;
(k) GAPDH: 5° AGCCACATCGCTCAGACACC 3’ (SEQ. ID. NO: 21)
(sense) and 5 GTACTCAGCGGCCAGCATCG 3 (SEQ. ID. NO: 22)

(antisense). The predicted size of band is 302 base pairs.
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smooth muscle cell types were observed with administration of each of the
growth 25 factors. Furthermore, BrdU incorporation into the differentiated
cells indicated preservation of proliferative capability in the vascular

wentothalwyn growth-factor (VEGF) treated cells (Figure 21)pefgi2005/061050

specifically those cells of the smaller morphology, while cells treated with
hPDGF-BB exhibited impaired prolife@tion ability (Figure 2J).
Hematopoietic capability of the isglated progenitor cells was also 30
demonstrated. When the VE-ca Mﬁ‘l population of filtrated,
vasaldtaenial Pregomion ofidanas: daliurgebun iz Sevgisolier el ranyixsman
cytokines, CFUs indicating hema%%)‘i%@ colonies (Figures 2K-M) were
observed. Thus, differentiation of 6/040755 PCT/IL2005/001050

51 isolatésdhienibn vascvleenic progeaiter céliumary berfurtbiériasooedy to

2 Gonallethe i A0SR Y IRGI(R iR Ry SRl S TS Hurman
without lineage-specifi

' commitment or loss of proliferative capability. 5
ESpANeP [EhBapan Ateonviete tksdswa dlainmiek BRI 4 n I graiation Epdr Srpnuity

Calls fduciat ey eqiRichAraaie taiinRhreseH QB NEHS AR Isen nEbeed ain

in vitro using murine embryonic stem cell-derived embr%/md bodies (see,
fohax RHPROISIEY At eiea PRI RS BEFPOHDIS Tnapy e, tAgifésreptiate in
effprts iRerosRteyasculaenhit, 16h85a6889e9M MURUSING NRBARE, in vitro
pluripotent stem cells have been largely unsuccessful. To study the .

irf R RAROm AR AT SO AR T HTMFa R SSEUIOGR AR BRogeteraESH) oY
C%&ﬂ%ﬁs@ﬁ? rﬁi&f@;@r@ﬁfﬁi@m@-ﬂdﬁn@&si@ﬂ@dﬂﬁdﬁi@1%?1&@&'@@@&@1@1@@%0
Matrigel, whjch have been used to prgmote 3D vessel-like formatiqn fro,
R GIETSEAOTMEFS X AMEFIan ERAPESH, FEBI 15, 10B8DT0R L 759
Kshota - 183 )Y ehagpul Gilp Bhel itOB8:H07T 128% obgtiragagatitof ted E&hH human
cells‘? in the prese ce.ogt.hi\/hEGF hPD F-BFd.%upﬁ%Ig 1ented ttemmted |
differeriation me |“f'jr1nn,1 f‘)Erllor 08es iﬁlgesi% 8%%e 1'co agaeno?li‘fbaﬁrae or'”
on Mateig ek (FidiurensSBhal o@iy) imathee sisprabtinguanddubmdikesstGCuresdel
associated with early vasculogenesis,and,vascularization of koth the .

o D R S Lo A e A RS D0 ooy
pemetraion witthey € rafofbetiaiusesintsiheasdiigel, doifming aticno@ikékawa

nggwgoggaﬁgrggyé[ mQag%Espgpf 7)@§cular formation (Figure 3C).

Surprisingly, and of great importance, observation under higher

magnifidétibHaeptaledbivaseasbiiams feaecilvine Baldvenddiidsed|s were

(ke A0-2aWly BlscHoN T}&Qﬁ?ﬁ‘&?@y@ﬁ@@@%@@lﬁ)%ﬂﬁ%ﬂﬁ? removed
endothelial 25 specific Weibel-Palade bodies (WP) in the cell cytoplasm,

Iié@ﬁ?oﬁ@i‘?ﬁ%éﬁﬁ@&l@@(ﬂ?ﬁed as single cells on type IV collagen coafed dishes with
differentiation medium as had been described for mouse CCE-ES cells (Yamashita J,

et al. Nature 2000; 408:92). Previous experience with murine stem cells indicated
that specific cell seeding concentration is crucial for induction endothelial
differentiation. However, seeding human ES cells in the recommended cell
concentration (1X10* cells/cmz) resuited 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° celis/em®) resulted in an inconsistent
mixed population of undifferentiated and differentiating cells (data not showed).
Surprisingly, seeding cells at low concentration (5- 10 X10* cells/em?) 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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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
wione¢dsatatad human vasculogenic progenitor cells having thewapaaysiose

differentiate into functional 30 endothelial cells with lipoprotein

metabolism, factor VIII (VWF) producﬁ@on, blood cells, and all components

f vascular structures, in vitro, under defined conditions. EXAMPLE @)
O D R R G e PG Aol omgly morrhdCy
\Eguud iz atiow$h pritrgovalsoetagzatdriomerigmetiedy isssbad aonltithture
%8@;“4‘6%&?3%?&“‘{%@ 9}';1?1'11?0%’1'CWe(%leallggrethﬁam@égge% ce RlisHlUEg s
tissue viability before and after |mplantat|o%. Large-diameter vascular
struciwreeS isuitdBleaforwgsidsitation, 5 require a supporting framework,

e.g. scgffold. s efficient devalormeps Andigrovdl i[{Nsre iRt dhBer, human

therapeutic potential of human vasculogenic (ESH) progenitor cells was
irRresiRgarae celingragemtottothie strdlerearte &rier fn SHaR e 348im@nsicingr,

laNaaLe A0 dn MIHERAN AR D RENSHRAWN 4R SHPROHAD YR tB8UEvaluate the

formation from fibroblasts and hepatocytes (Shapiro L, and Cohen S.
BiSREeR0S sedptbelialpepsidery @Hi@ﬁi§‘ﬂ§“é?%ltB?oféEﬂﬁ%ICBli]oéﬂ@ﬂatmm
2000 42460 BUb P A RBIAD Y ASCHRIRNIC, R QULIIOr 8 WHABRLSR ribed

vasculogenic progenitors were aggregated, as described, and seeded

WAthiRogbrsRe aﬂlﬁn LTRGBS SELBTI RS atiei el o IRELLRES cells
sRafislisbipaBSVAS Nasaivedialtes k 4odays ineubatiandndiffetepliaitomixed,
medium supplemented 15 with bath hVEGFE and hPDGF-BB (Figure, 4A,..
B i R A g e e
walbdteiictureamyedlsVRGRANHAMG, andoikellad esdstistlisbundiediby E-cad,
th muscle, cells, .typical of vascular morpholoqy , (Figure,4B). Thus
e e e S TR e S
dSmighstrated, forthBdirsiopmenithe98ap2bilifiAfor directed, in-vitro 20
vascul is.with_differenti m ' | rmal....
merog e R LT S BRI M 10 B ons
GeH Wiﬁﬂiéﬂﬁm@@%@é@mﬁgﬁmhﬁ iRaeenfstiidies gnafieant
AespaRsirated dnal SR E MBS LIRNYANGIIE R GRY! té@%@sﬂ%‘?gﬁﬁ’ i,

capable of reproducing key events and chronology of the "angiogenic
Ao

preBesECprididing d popsrien pxuesstdooF @R VARt iestigatéVhen the

smaller, filtrated cells were plated for 12 hours, fixed and analyzed for
immunomorphology with fluorescent anti VE-cad antibody (Figures I1D-E),
significanily greater expression of VE-cad was detected (90.55+5.20%), most likely
due to the low fluorescent intensity observed when VE-cad is expressed at the celi-
to-cell junctions (Figure 1E). Trials of a variety of cell-seeding densities indicated
optimal VE-cad expression at 5 X10° cells/cm?.

When further characterized by RT-PCR amplification of RNA, the
endothelial-like cells were found to actively express the endothelial markers CD31
and TieZ; ACI133/CD133, 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



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 30 strains of mice (VE-cad -/-) failed to develop

wanzopthelatsprouts. However, only embryoid bodies (MEB) pamdirobs/e150
single cells, were capable of initiation of the vasculogenic events in vitro.
WO 2006/040755 PCT/1L2005/001080 53 To investigate whether

diesiagl, o vasgular doyelopment ko isolated fumansasclogenic
progenitor cell§ accurately retiects physiclogical processes of angio- an
vifSoslvipenesid] thepefisonof(fibibitohyaritibodios was assssethusingf the

. - ifi Jonal antibody found to inhibit in vitro tube-
gh\féc?rgr%%\éﬁrcﬁguén%:pr% gg‘(ggﬂ%laﬁ%ﬁﬁ (Corada M et al., Blood 2001;97:
1679). Buprsifiglyssirnbrene of thmloreselonal useiprbd Bistron ) revealed
WAbIRNARLRIEH ARHBCMBSEHIIZANAMDY ESH collSed flayS Al ved by

incubation of ESH cells seeded "on Matrigel in differentiation medium

Stppnesiestds Wirpehrovidh PActbrENAS YKL BiRY Rleand rimstiirstufe8MA)

Rieakeiearhhyascilagenesia argicleaglydiscamibla.nthg o gl (Rgurer
5A). Addition of 50 .ig/ml of the anti hVE-cad antibody BV6 to the medium

e ASt RERIsc e JamesiSSAMtRE LS SR afoval dprathitiyaRtPIRe

torenation a5 ihe engdonatwaik siasiHeas dhigreRBlicTdvs, (oMK and SM-
directed, differentiation of isolated human vasculcr)ﬁ%r]lic progenitor (ESH)

XIS b RARRS Y KnoWT ThiRbiorS Jf TSRS g SR etial-Tike
velicdlagenesisdandaag:stitby b5 provifes ashadedarestudiagsamibure 1H,

sessing vascylar-related effectars a Agﬁ ies, EXAMPL
Ehtr‘f%%éf?énlﬁ%%\#é&étcﬁg’ﬁobne{%% rsoa(%erﬁﬁ ors xp@r?’r%nedﬁtgr%y%&%g%iﬁ? WE%E
cellspepebitidrat (Fizwelll¢Ondaditratiion sh? Spaufihtrayuantashitcheigl. in cell

mashita. re 2000;408: pages 92-96) resulted in cell death

%}%no? Y&y %%f%" ORI, . 20 :

ata Ot Shown). AS SUC , several 2D differentiation experiments

employgeditier emocedlls peplitagionn eeningtivns: dhey élatitgtsityisredngy pad
. ) q il "

gl e s A el e

Hre3HsdSsingerr®@atisn apspasseded B850y weibdiolweindedineetvemagth

FRQLSE. RIRbRNIGfepR. 13y zglé'é@eéqih ri@)eﬁmyegﬁlﬁéeménaﬁgner,

using lines H9.2 and H13, while progenitor enrichment an

EREEkeH AdtfoPreBeHEARTeHisclparly aTsorafeitdheusmit drdicaBnmesteition of
cediSYRECSRIL s NG dyRe tY C@H@&?&?g%%aé@%@é@géﬂlﬁmﬁwﬁ%@%tﬁ&nan
stem cells, seeded as single cells and not as Embryoid Bodies, and cultured in vifro
on a cell-free, two-dimensional matrix, can give rise to proliferating, endothelial-like

progenitor cells, which can be separated by filtration from smooth muscle-like

precursors.

EXAMPLE 2
In Vitro Induction of Endothelial, Smooth Muscle and Hematopoietic Cell
Differentiation of Human Vasculogenic Progenitor Cells
In order to study the differentiation potential of the vasculogenic progenitor
cells, cells were recultured on type IV collagen coated dishes, at a lower cell seeding
concentration (2.5X10% cells/em®). Smooth muscle cell differentiation was induced

by adding platelet-derived growth factor BB (hPDGF-BB), which has been found to
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30 The cells were treated with 5mM EDTA in PBS, supplemented with
1%(v/v) fetal bovine serum (FBS; HyClone), and separated into individual
cell suspensions using a 404m-mesh strainer (Falcon) to facilitate

wdiffesentiation studies and FACS analysis. WO 2006/04075%CT/L2045/001050

PCT/1L2005/001050 54 Undifferentiated hES cell suspensions were
plated on type IV collagen coated dighes (six weII Becton Dickinson) or

m(} gegﬂle (%&Q} O'g}edﬂt}:ﬂshes at {“%%2; I{}f of 5 104 cell ;ﬁmé'ils

N a fferentl 1on me ium compose medlum
(Gitter BRI EsUPpleretteHRADIOFEE (H-l?@il&»néﬁan 001 2reds of culture

%%éw %ﬁﬁﬁ’g 2GR hasﬁx%\)gcé(r%ﬁ%%é’) §1Iit3%t} &?gﬁé{gﬁ% 9eﬁ?¥§éx%f C&HJ;HEH]Q‘I the culture,

tiate g m mesh strainer (Falcon)

alegvsia arvayeedient dulveticedoforx pliefsrem sarvehonusabe I8l codgen RT-

peateshdi §%€%%@@%Bkgﬂﬁ%ﬂ)é@ differentiiianmedii MARAANIAY as
hVEGF165 50 ng/ml or hPDGF-BB I ng/ml (both from R&D Systems Inc}

fonopth 1 eselitiendslindpdi4d crerrihamanriss MYPERrbrey shadmeiNdEf
BRpRylationwas immUng:lahelegianE A Sy analysisgilaifidetectable in the

VE-Cadherin-FITC (Santa Cruz) and smgle cells were isolated using an

RAEAm P piatie 8K BRatated wells platedrsn ¥ wehtt PR pIcts

(hipgdvicRiagen) %ﬁ&@ﬂ%@nﬁ@taﬂiﬁﬂr%ﬁw@mmﬁﬁbumuleémmgrafa:ms
hour of 15 culturing, each well was visually '‘examined (by both | ht and
Tuele e

fROYES B i oXBEHIF IS BRPHRE RInTAEY SFIii
single 0o BIIAUDIC Wasurt 9H it foam FAGS, Hﬂja@ﬁm@lﬁh&&mﬂtglcfor

Eot %Elca‘u rolér}%\/% rf{!]é?nEA sortmggg cedure g%?t not gﬂ’ osure 1o

Wy cheW Maring rescied singls TS Eigie Eell Colonies
tPIiGH&Bbserved. At one month post culturing, each 20 ' colony was

digest wtht elVv co a nd tr nsf rred i eII fa
plate (?)fpe% gfaé)en Cf?uggfa ttlﬁarelgnwere éé%%éy ljs d: elt
forscodwgimino psogeitring dr memmnm@@h@b&ﬁ@%malfslsldﬁesbﬂtsfﬁcwnt in

ﬁ%@%w@?g@@m %%af &W@%%'fﬁﬁ%@@fﬁéarp%@f%&%o

resent research approach (Figure IA) relied upon findings that a 3D

éﬁﬁ)?%ld Boidyrsariplréeors rrsvred uiredfointistiiferbrndadnlsd |aedrapecific
mesederm galis o apastita Jrepaldatue AR0%A08:9% 36 -hok qwg\ésm

attempts to use the cell concentration suggested by Yamashita et al.

faemns VR 1 ek i/ B siDgIrBalate dadissnigalptseisd B dRmHRAAIER SRS
*ﬁ?@u@@W%ﬁ%’@n%ﬁ@t%@?'%ﬁiﬁﬁ@@t‘ﬂkﬁa&%l AvRes differentiatedtigure

erefrom (Figure 6?_)
2H) and even stress fibers arrangement in some mature cells (Figure 2I). Most

significantly, growth factor-induced differentiation, with either hPDGF-BB or
hVEGF 45, did not induce a lineage-specific commitment, i.e.: both endothelial and
smooth muscle cell types were observed with administration of each of the growth
factors. Furthermore, BrdU incorporation into the differeniiated cells indicated
preservation of proliferative capability in the vascular endothelium growth-factor
(VEGF) treated cells (Figure 2I), and specifically those cells of the smaller
morphology, while cells treated with hPDGF-BB exhibited impaired proliferation
ability (Figure 2I). 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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Using type IV collagen coated dishes and lower cell seeding
concentrations (5X104-7X104 hES cells/cmZ) enabled the present
inventors to generate a more WO 2006/040755 PCT/IL2005/001050 55

worntosmpepulation which can better serve as a source for Spetiic2005/061050

progenitor populations. The latter population included two types of cells,
smaller, flat cells with Iarge nuclei sigilar to endothelial progenitors

@%%E%%Mﬁa% 5&1'5' é@%ﬂn&%ﬂ%ﬁ Op@ i?e‘i&%d‘ eliR st et

arrangement ( gure us, the cell population resu tant rom the

éém@iﬁe@dmkemrmehme m5X eell-Foe1madtes /piovt Sdeet oAPgRIBC
MhRllagen 89%@%9&@3&&&%%%&@ further experiments attempting to

recover specific progenitor populations.” Since the two dominant
subpopulations displayed substantial differences in size, the population
generated according to the teachingspt he present invention was 10
filtered through a 40m filter, thus separatm% the endotheligl-like cells from

the large! Halt&8If&s H@Wgsfff‘fﬁg Bfnrsfaftanaianrts bt feifaled
preferaDrtl&Jia&uéVBtﬁé cf=aMEricacl enm@me@b@emsiatmd Badp)ivdateld Wasitro

furth h ted filira 59%). dothelial-lik
HACR P BRI e CLATHE G4 BOHb RS Loy e ered

é)qot%s]m@ Ftkekt{30006 108 the a8y (Figwev&DYRTs kb PreRaanadysidogenic
h was performed on botr] cell [ra tions | S%ate

ro O us iy stem C’blthatlt unsuccessful.
g C?O%ﬁ S|I8(n| Y]ke CEWﬁ’ag{%n 8 a TPO'[ express any v- g%
Menstiroptrenotyiecamedysisrishition @ndmﬂiréliaf Irmgellvmm\eshowegbmtor

@é@%%@ﬁ&%’&&@& RIS Wb LR RRUUD THLNEHRIRE el and

10%; n=3) proteins Flgure 6E) w Were previously implic

ééaiy@hdmhehalh?emahwbremdzwp@gmtor Zall meﬁﬁérgq@mmm@om
ehadhing N&t&@@% PEAURARORHIB: %erlﬁcér%%ar RRIChR b AL dlubota

Blood 2000;95: 958; Robertson SM et al. Development 2000;127:
ret 2ldACoH Brel d98RME: préfiferative potential, the cell fractions described

above wggeegaﬁelyé?%@rﬁgrﬂ Leincarpaiatipnand K G s easiopDGE-BR
Pulse-la elrn%wrth BrdU for 25 12 hours revealed that some of the

SPRRIEHRATLF D E FRrfrbr N MNP o FAG B EEANRI I AGHR df tREAEMcTikere
galbs&x&ibmrigus @apakilsp (kieaes Givct). Hatbriigolaiedbashenii@liees

also tested for the expression of Ki-67, a typical antigen found in d|V|d|ng

&%Ws@%‘ S UD AR NEHIRTRRE 1k KESSHAFZAIo0r PPl e relzeen and
Wﬂﬁ&ehab&w&eﬂﬁmagemed&@z (rigure:kiiDenhiginastivated DOUES

30 ey i (pioblasty, Mieh Se[Yed; 28 2590l Sid Nt S or 6T,
vascular formation (Figure 3C). Surprisingly, and of great importance, observation
under higher magnification 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-3(G). 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
celis, and all components of vascular structures in vitro, under defined conditions.

EXAMPLE 4
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Lineage differentiation WO 2006/040755 PCT/IL20051001050 56
Studying the differentiation potential of the enriched progenitor fraction
required reculturing on type IV collagen coated dishes, at lower cell

WEeEdirigttBncentration (2.5X104 cells/cm?2). The potential oPStigh2geHgig56

continuously differentiate into endothelial cells was tested in the presence
of hVEGF165, a well 5 known mitogen of endothelial cells. The presence

of this mitogen indu§gj,;};gm§)<§c§} - acsiaieg:low-density
lipoprotein (Ac-LDL) (Figure 7A) and production of von Wlllebrand Factor

(VWF) Brorétan wsérﬂew&r%{ueoﬁoﬁﬂéem%rél#ms T4 ifdEdicglsirect of

diffstsatiationAckrown He oY itmant faciandob Periewes spiateissidg! eere
growth factor BB (PDGF-BB) was utilized, this factor was proven eftective

A0d BiifrRR REAIRG rictieE HENCHTs AR A, S pials A i ariptpn.
Péqw@a%gﬁgb&ﬁ?g R21)erkol C@Nsﬁﬁ‘fbﬂi 1 tlafrRhCHHuIBgHBNP B brBith.
e-lik ce Is a ppeared m# lture. Thes cellsl\ﬁé%:ﬁ]ssed smoothH

s TR RSHEY BRE S\ S P AFRER gl

a/is sm@@ttgmdeﬂgymslmheawmham e@MeMlh'ig?)mSMIZZzhanBi-dimenswnai

Idesmonff gre sg}e esse vynhese celr§ asvr led % from
B e o e o L S A D e a0

Cedlisbisotated hqwmt:ymedlf@wmafe it GntSME pBemotigpiiCIOPAI8: 583,

ga@ 1§k§sé tVa'?IS Ao ik Syaels %%%a%%ﬂ%%égic

Srmine wh er these a%s contain common progenitors
ermwethelial and mural 20 cells. Single VE-cad+ cells isolated from an

enriched KA SHIAgENEDOBUIAIOD WRIBPEWILELOD ANDSNieseribed. and

collagen-coated 96 well plate. One hour following plating, each well was

visdadiyrathimipegs Bleibeth wgHoahdfiriBristsmidpmsenpmadigemsefaid
ooliss Rlateshslpverdgreio atushs thelbaiifarendaiom GanaP s SR glggeﬂemed

were cultured in differentiation medium supplemented with. hV

Jith ot 55 B BN ABIRGEPBBo(BHIBLS chi Bl BHEEI T Y6ISRAhg Bligher
dayselahiby rinamndabnethans WhdragoRaitiongudnigura #A1). Riatisbngated

efficiency was at 8%, lower than that re?orted for the mES system

epdethelishasissbaonndendy 6BoUba e o 65 Ih RisHh gt ﬁ?@%ﬁﬁf&}ﬁ%ﬁogy
Qpiguwgmngﬁbﬁmﬁﬁlg%mmﬁ e Biok 3@{@@;&37 AISHZ 18)isGell 3-D

cuIt plemen ith VEGF predominan luded cells havin
B RSP TB nolOh, EiG0Te DA, (R IEPUILE Sa s eeR ™
w&m&geﬁ&ﬁd@m&mmﬂmaﬁhmedﬁpmoﬂeﬂw@eﬁejIﬁateﬁfemblmgmaSM@sgemc

%ggejre SAIii), These spindle-like cells expressed SMA and calponin
ig ?gglgi%l -ii). In the VEGF

EXAMPLE S

Human Vasculogenic Progenitor Celf Differentiation as a Model for Angiogenesis

Recent studies have demonstrated that some murine embryonic stem celi
(mES) systems are capable of reproducing key events and chronology of the
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 singie cells, were capable of initiation of the

vasculogenic events in vitro.
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WO 2006/040755 PCT/1L20051001050 57 supplemented cultures, most
of the cells were characterized by vVWF production and a Dil-Ac-LDL
metabolism (Figure 8Ciii), thus indicating an endothelial cell phenotype.

WOIUepESare of VE-cad cells to a specific growth factor did§oyHesasignose

total cell commitment to one lineage. The PDGF-BB supplemented
cultures included 5 cells expressingsy-SMC markers and cells classified
as VE,‘?@‘%'Hv‘é&ht'gatE ol-fird Hﬂﬂ&%&%&l&%\%@%’é&{é H$%m isolated
Materials and Methods 10 In order to examine whether hES-derived
bemeniogenilogrogeriertitiiscetln apeuiely tsfisrtn vastolagind ipreiogses of
%ﬁ%ﬁﬂat&é‘:@{@lﬁ§ I?Eré?sprtﬁésgﬁgﬁdowitlﬁﬂﬂ%?flLﬁ)t(@@d%%sﬁﬂp%gsessed using

hereinabove) and transplanted subcutaneously in SCID mice. Non-

BMuet sMdfrendssnenificd menstianl captibreyls Formd Wedrbipdl otvirigro tube-

fRRsRaNERima s cAlAILS ANdIBUTeHRdIRD S UBTNE R EEIIRVIRD Jfom
mice and histologically 1%{analg/zed. Results As can be seen in Figures

9A-B vASNIFEIEO RS Wi RARReleAl rehiifekashenaishipidnefect
seaffolds weksisHbsiRatnllySHickas thamibafvaseuidaiidaes HermeddRethird

control non-seeded scaffolds., Staining transplanted scaffolds sectjons 20
YA AU BT U O YA rgeorels

huinanworigiarivhiess cofitainetempusadibgenioly {4 glea9Q@ls&@bas in the
resylts were . observed following subcutaneously.iniecting matri S

LIS YA R S LR ok o TR D SRR E 1 e
Thdi kffadtolSheanStresscol e SiB anlriitiva scetogeiniel Caltsufitatenidihe

nd Methods Huma -deriv culagenic cslls, ominaptly ..
PHBE R e o e SRR RS SR ST girocea
differiporifas ikdstsateiddnifigare vesyuRGean wessmiqosedHp cells exhibits

- I SfE (o) I -lg [Leui

R R RS M S R RO b o
ohadidse s Werdehfmicddng sndagsesrngirascsledeistedsfise oo apadupapies.
acting upon WO 2006/040755 PCT/IL2005/001050 58

EXAMPLE 6
Enrichment of Vasculogenic Progenitors

Experiments conducted with hES cells seeded at the cell concentrations
taught by Yamashita et al. (Yamashita J, et al Nature 2000;408: pages 92-96) resulted
in cell death (data not shown). As such, several 2D differentiation experiments
employing different cell seeding concentrations on gelatin, laminin or type IV
collagen coated dishes were devised and conducted.

Materials and Methods

Non-ciifferentiating hES cells (H9.2 passages 29+36-29+60; H13 passages
31-57; 16 passages 35-50) were grown on an inactivated mouse embryonic feeder
layer (MEF). All experiments were preformed using lines H9.2 and HI13, 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

40pm-mesh strainer (Falcon) to facilitate differentiation studies and FACS analysis.
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the cells. Each experiment was accompanied by a static control construct.
Following 24 hr exposure to shear stress the cells were removed from
culture and histologically analyzed. Results 5 As can be seen in Figures

WORAEM¥TESphalloidin expression reveals a typical perpendiBGRiHL2005/001050

organization indicative of mature functional vasculogenic cells resulting
from the shear stress. In addition, thg expression of u-SMA (a specific

AR AGEAT e OLERLY¥ASTHRWRIAINURHB CBISNASRISAed dishes

substantially affected by the shear stress. These results indicate that

Gtve aelirBestenrEtiaioRPahIh Al ce s A SERIrh A AIRRAR S 7 Rt HERS by

strexs fibesss/thetehycnhaneingiiffgigntiatiompatu EtiophandEM medium
functionality of ES-derived vasculc%%nic cells. EXAMPLE 9 Directed

EsithsrshiRtioni sreeh it Jenitos Sherrar et 15 Auprarengsgianct

[OtoedRHYMRNETGES Weke srommemty P& fié-epliagencenatedplatesred
for six days as described hereinabove. The resultant vasculogenic

Broyehitr 1 wareh SRS < 2l airardn iR Pl te e SR arHE R Hor
aererhleNR(1090..4¢) ovlowispamdemel (3nhee/Vjswaebincokaiashal 34 a
C. The cultured cells were allowed to proliferate anq 20 a}%ggge e\//eLy 5-%
AR PSR SR Ao it R B 95 %@% Eng/meot
FRROR &I TRyRIca tied And @naiddddayl Ry CR and real-time RT-PCR
using s&ggg;{c m: rkers indicative of endothelial cells (EC) and vascular

smoottt s & s (v-SMC). Primer sequences and reaction conditions
used iR CGRratedd esdotbeliin cEdbimiubelow w25 \WOn200640407 5fr FACS

R T

n ene S,
Esing AL GE OTAG 0igTE TORECTCD3 wrmplalihinweegel 024 96 well plate

.' g&%@%@g%ﬁ %Eg@ég HrfbredtY M ﬁi!agi%ilnlmr“@/l%'@glgz& hour of

CCTCC Tat-I I annealing at 55 C, 2
RirecrgATRE TYECTEAGEHEIE 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 culfuring 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
embryocid body structure is not required for the differentiation of lateral mesoderm
cells (Yamashita ], et al Nature 2000;408: 92-9¢6.).

However, attempts to use the cell concentration suggested by Yamashita et al.
(1X10°-1.5X10° cells/em?) resulted in a mixed population which inciudes both
undifferentiated colonies and multiple cell types differentiated therefrom (Figure 6B).

Using type IV coliagen coated dishes and lower cell seeding concentrations

(5X104—7X104 hES cells/em®) enabled the present inventors to generate a more



10

15

20

25

30

in 1.5 MMM C{ 362 35 cycles, 27 F.GGGGGAGGTTGGACTGTAAT Angl

| annealing at 60 C, 28 R:AGGGCACATTTGCACATACA in L5 MM M Clz

535 35 cycles, 29 F:GGATCTGGGGAGAGAGGAAC Arig2 annealing at
WEROSBBRICTCTGCACCGAGTCATCGTA in 1.5 mM M CkIEIRZIBHEY/ ciewsso

15 F:ATOOOATTTGCAAAGCTTCTGGCTGGC Tie2 annealing at 60 C, 16

R: TGTGAAGCGTCTCACAGGTCC@QGATG in 1.5 MM M902 596 35

32 5 by G EIRICAE SR LA GC.Y8stad aan gpo%&mor

ACTTTGGGCTGGTAGG in 1.5 mmM CI 790
FoeT s BCATE e TPENEPE NMGEA KDR Pahabatity an@d)ac ﬂsmcelis with

@N&EF&\%@%};&T}%M {3 @%&{%M%?e@m%?y@@% 8.
AGTCTGACCAGCGTGAAAAAC133 lannealingat60C, 1

Ee%c?@e@sé\*ﬁ@@:ﬂmmmth@émmms@mm@@ 35 cycles, 35

F'GAA@Q@“@QI&%&Q&MA&H\Q%Moﬁ%@%@@&l@ts@gdﬁgﬁpenmem (i.e.,
RAGTGGTGGCCTCGTGAATGG in1.5mMM C1i 965 35 cycles, |

é%&AB%?A%%#@AA%?&%m@A%@’a@WW ARSI RsEoHereRused in

RibhtCeAddohiehid difetiplin td febafack @&aﬁﬁ@ﬂ&é@hﬁ&@b@ﬁa@%@s 3
F:GAGJ.GTGCAGACGGAACTTCAGCC 'alpon Ez?témeallng at 60 C

R:GTCTETEECFAACHFEEBEPPEUIALRT $yesigat @yéiéfgergnces in
%MW&%H&@M&SMO anneadifig RtdP2HE plesent invention was

e AT S, TN 2 2100 2
Ra%ﬁ@TﬁA@ﬁﬁﬁ@A@lﬁéﬂi@ﬁlﬁlkmc&lBﬁﬂMd&i eleHaS mefayated, shbvival
f%A@éS %n-l;Ict:Z SE%%Q\J fg‘g '?‘%ﬁ}? w%lch 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 4 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 celis 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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annealing at 55 C, 20 R:CACTGCCTTGACTGTCTTAAG Iin 1.5 mM M

C1 Results As can be seen in Figures 12-13, high levels of v-SMC

markers (a-SMA, 5 calponin and SM-MHC) were detected in cells
weurwddrshigh serum media, while the expression EC marRersinags/ 001056

substantially downregulated. On the other hand, cells which were cultured

in low serum media exhibited high leygls of EC markers (Tie2, CD3 1,

KDR (\éﬁﬁﬁ&z)g%%%f@ﬁ}?’at\(& %% Al I%ft_ht?lee%gfﬁ:%%@ r})g%\éhﬁgo/tl%action

markers was substantially downregulated (Figures 12 and’14). W

PE0EITL 0YSEIROE/ N Go%/ 001 05tagen| eeaieit ditheas et dejsericeell seeding
eaggaﬁmfogqum‘@h waisgenerptedonmairigel seaptediplates atuousty

re-cultured in low serum differentiating medium exhibited predominantly

JaldersntiasmmisisterAodeiint SRET AP NG Ey  hfuPE IS, T e Bteer well-

RaBe WS Fidperkinuhieis S QIERES HAHRGMEANIRKY the uptake
proliferated 5 continuously and exhibited high rate of vasculature

8brailtiAgebrarshiy WitsnHizAEoRr s (s i Srietree Atib andiaradugtion of
toig WelitbB)dHence (dhemasoits eleadibshpathab s @esived B). To induce
vasculogenic progenitor cells.can be indyced to differentiate into EC or,

o S e BT o P T o ey ved
kiglv(i (36jcseRBN PDIGINE ) Owan calitkatjohss raspectivelyrdlis: effective in

reciated that certaip features of invention, which .are, for clarit

e ol Y S g S e Ve et e
POELAIBIrtRSS) I alkingle ebnbibdayserficConverseRDGarBRssfeadir-ékotells
the inventi 15 which. are, for brevity, described in the conte ingle
AR LA T Bt e S RS SRLO TR
S cobbimaperifiAhbgls thheriere nticn dsasthesh descitbeddsicopjupctiam

i ifi i thereof, it is evident that many alternative
S L SO R CUBRRLIS Tty G DB by
RdcBiRnghplisis (ﬁﬁemea% er| bﬂa@gfaul%ém&mrﬁmvwembdiﬁéati@rtglls
agyariationsdakiallhwitbindhe.spirk &S@@d scope of the appended

claims. All publications, patents, and patent applications mentioned in this
specifi€dat@ dieafisiein incorporated in their entirety by reference into the

specifieation, {¢:10RSAEIR GxiRpLas H&a0E9AMAURLRORURNCAION order to
patent, or patent application was specifically and individually indicated to

HE'SHEOD SREE HEFSH P EYS eBiER COmMmeRiBTReFRita dorearctsiioh and smst

@Bl¥s. Single VE-cad” cells isclated 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 § 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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reference in this application shall not be construed as an admission that

such reference is available as prior art to the present invention. 61

WHAT IS CLAIMED IS: 1. A method of generating vascular smooth
W46 HERS from vasculogenic progenitor cells, comprisingPayloestdring)se

undifferentiated human or primate embryonic stem (ES) cells under

conditions preventing ES cell aggregg;\;ion and inducing differentiation of

glgpmaﬁ@ﬂfa@m g@@t%&%&%ﬂé IR VASEHIQUERIG RIPFE o g%hﬁmﬁtﬁr@ma

aining a mixed population of cells including vasculogenic progenitor

é%‘llls‘\céﬁaL(bmﬁtﬂmiF@lceﬂ%%ﬁﬁalI%(Fiuﬁan@@ﬁp wfrgtngaienmixdgthelial cell
inplcslis,3ald roptis smallge m%’%@&m%‘?@gﬁfﬂ&d{a@ﬁ%&%&ﬁ in

enltor cells; and (c) culturing said vasculogenic progenitor cells
gaa%? A

IR tRRRTS TSR cafréreaaratig RRTUBBISURRIFRF R shrybticmishded
celicifiprentition (actef iRk dimedmeriodsisiticiont igardune.

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 frorﬂg,ﬁme,ﬂg B. The method of claim 2,
wherein said ES cells gre hu cells. ’:}F Bg method of claim 1,
wherein said smooth r%r%'&?é’ é’f‘éﬁﬂ’é S 1aE5F is platelet-derived
growth MetoiddB e DisFdis) WO 2006/040755 PCT/IL2005/001050

R S R T e
[BOANORTRNBCDFREE RENT] ATION @Fﬁ@l@@w@@@ﬁmd Wl’fh the cells
Eﬁ%&@?ﬂJﬁ%&ﬁ&ﬂ&eﬁﬁQ ﬁ;?%tédl%éﬁn sy RN NRESIORon.

2 <210> 1 <211> 23 <212> DNA <213> Artificial sequence
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 scaffoids. 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 Celis
Materials and Methods
Human ES-derived vasculogenic cells, predominantly vascuiogenic 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 howrs. 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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<220> <223> Single strand DNA oligonucleotide <400> 1 ccagctatgt
gaagaagaag agg 23 <210> 2 <211> 22 <212> DNA <213> Atrtificial
sequence <220> <223> Single strand DNA oligonucleotide <400> 2

weraeietsdf itgcattcg gt 22 <210> 3 <211> 24 <212> DNA 2T8R20¢fifieiafe

sequence <220> <223> Single strand DNA oligonucleotide <400> 3
gagtgtgcag acggaacttc agcc 24 <216> 4 <211> 21 <212> DNA <213>

AITGIAL SeQHRACE e alen 24> ém%ﬁ@%f%%@ii&%ﬁ}?&ﬂg&]ma.
<400> 4 gtctgtgccc aacttggggt ¢ 21 <210> 5 <211> 24 <212> DNA
Eoljasxing iy exppsericld é%zzbstr@m@f SiHg IR S dREpRAAfrom culture and

fligonprRaRlisdeA20> 5

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 muscie ceils) 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 %
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 cuiture and analyzed by RT-PCR and reai-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.,



ctacaggagc atgctgcagg atcg 24 <210> 6 <211> 24 <212> DNA <213>

Artificial sequence <220> WO 2006/040755 PCT/1L2005/001050 2

<223> Single strand DNA oliaonucleotide <400> 6 gcttgcagaa gctgcttctc
WEe§osAROLZ10> 7 <211> 22 <212> DNA <213> Artificial seBUBHCH&2PQ50

<223> Single strand DNA. oligonucleotide <400> 7 cgcgaagtgc

agtccaaaat cg 22 <210> 8 <211> 235,<212> DNA <213> Artificial

sequence <220> <223> Single str&meI}NA oligonucleotide <400> 8

999&.@;9{&& ttettegata 890235 5ot 0> 9 <2121 5gte> BDNA<2I3>T 0
Artificial sequenge < <220> <S%%?‘> Single strand DNA oligonucleotide! r Gene
<400> 9 aacaacctga aagc caggag|g 21
200 32 cycles, 23 F:TGAAGCCTAGCCTGTCACCT CD34
annealing at 60 °C, 24 R:CGCACAGCTGGAGGTCTTAT
in 1.5 mM MgCl
331 40 cycies, 25 F:ATGGTGCAGCTGAGTCCTCC Tal-1
annealing at 55 °C, 26 RTCTCATFCTTGCTGAGCTTC
i 1.5 mM MeCl
362 35 cycles, 27 F:GGGGGAGGTTGGACTGTAAT Angl
annealing at 60 °C, 28 RIAGGGCACATTTGCACATACA
in 1.5 mM MgCl
535 35 cycies, 29 F:OGATCTGGGGAGAGAGGAAC Ang2
annealing at 60 °C, 30 R:CTCTGCACCGAGTCATCGTA
in 1.5 mM MgCl,
512 35 cycles, 15 F:ATCCCATTTGCAAAGCTTCTGGCTGGC Tie2
annealing at 60 °C, 16 R.TGTGAAGCGTCTCACAGGTCCAGGATG
in .5 mM MgCi,
596 35 cyeles, 31 F:ACGGGATGACCAAGTACAGC VE-cad
annealing at 60 °C, 32 RACACACTTTGGGCTGGTAGG
in 1.5 mM MgCl,
790 35 cycles, 33 FCTGGCATGGTCTTCTGTGAAGCA KDR
annealing at 60 °C, 34 R:AATACCAGTGGATGTGATGGCGG
in 1.5 mM MgCl,
200 32 cycles, 13 FiICAGTCTGACCAGCGTGAAAA ACI33
annealing at 60 °C, 14 R:GGCCATCCAAATCTGTCCTA
in 1.5 mM MgCl,
700 35 cycles, i3 F:GAAGCCAGCTTCCACATAAC VCAM
annealing at 60 °C, 36 R:AGTGGTGGCCTCGTGAATGG
in 1.5 mM MgCly
965 35 cycles, i F:CCAGCTATGTGAAGAAGAAGAGG aSMA
annealing at 60 °C, 2 RIGTGATCTCCTTCTGCATTCGGT
in 1.5 mM MgCl,
671 35 cycles, 3 F:GAGTGTGCAGACGGAACTTCAGCC Calpon
annealing at 60 °C, 4 RiGTCTGTGCCCAACTTGGGGTC in
in I mM MpCl,
179 15 cycles, 5 F:AAGCCAAGAGCTTGGAAGC SM«
annealing at 62 °C, 6 R:TCCTCCTCAGAACCATCTGC MHC
n | mM MgCl,
302 27 cycles, 21 FIAGCCACATCGCTCAGACACC GAPD
annealing at 60 °C, 22 R:GTACTCAGCGCCAGCATCG H
in 1.5 mM MeCl,
395 35 eyeles, 9 F.CAAGCGGTCGTGAATGACAC mD3
annealing at 35 °C, 20 R:CACTGCCTTGACTGTCTTAAG 1
in 1.5 mM MoCl,
Results

As can be seen in Figures 12-13, high levels of v-SMC markers (0-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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<210> 10 <211> 20 <212> DNA <213> Atrtificial sequence <220> <223>
Single strand DNA oligonucleotide <400> 10 gctgcttatt acgtttctgc 20
<210> 11 <211> 20 <212> DNA <213> Artificial sequence <220> <223>

wlingkeostrand DNA oliaonucleotide <400> 11 agccggcacc tgegrcansanoso

<210> 12 <211> 20 <212> DNA <213> Artificial sequence <220> <223>
Single strand DNA oligonuclectide <4g0> 12 tgacttctcc tgcatgcact 20

<210> &g 5@&&&51129?\5\590%9&@/ 8&%@?&?&% R@Q%’&Q&O&%e%ﬁ}%@%namga

DNA <213> Artifi¢ial sequence” <220> <223> Single stran _ .
ofig¥rticRigE candigosursdgitidare syeptgdiffeptatom osegipm exhibited

predominantly vascular smooth muscle cells morphology (Figure 15A). On the other
hand, when re-cultured in high serum differentiating 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

congcentrations, 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 fail 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.



<211> 20 <212> DNA <213> Artificial sequence <220> <223> Single

strand DNA oligonucleotide <400> 14 ggccatccaa atctgtccta 20 <210> _

15 <211> 27 <212> DNA <213> Artificial sequence c220> <223> Single

strand DNA oligonucleotide <400>gh5 atcccatttg caaagcttct ggctgge 27+

<210> 16 <211> 27 <212> DNA <213> Artificial sequence <220> <223>
WHAT IS CISinpfestiand DNA oligonucleotide <400> 16 tgtgaagcgt ctcacaggtc

caggatg 27 <210> 17 <211> 18 <212> DNA <213> Atrtificial sequence

$220> A23hGingle seaadtBplAaligonudedide ndfde bARARHRIARRuIozenic

atgtc 18 <210> 18 <211> 20 <212> DNA <213> Artificial sequence
progemio ceﬁﬂ, comprising:

(a) culturing undifferentiated human or primate embryonic stem (ES) cells under
conditions preventing ES cell aggregation and inducing differentiation of the
human or primate ES cells into vasculogenic progenitor cells, thereby
obtaining a mixed population of cells including vasculogenic progenitor cells;
and

(b) isolating cells smaller than 50 pum from said mixed population of cells, said

cells smaller than 50 um being said vasculogenic progenitor cells; and

(c) culturing said vasculogenic progenitor cells smaller than 50 pm in a
differentiating medium including a smooth muscle cell differentiation factor 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 celis.
3. The method of claim 2, wherein said ES cells are human ES cells.
4, The method of claim 1, wherein said smooth muscle cell differentiation factor

1s platelet-derived growth factor BB (PDGF-BB)



<220> <223> Single strand DNA oligonucleotide <400> 18 ggagccttcc
gttctagagt 20 <210> 19 <211> 20 <212> DNA <213> Artificial sequence
<220> <223> Single strand DNA oligonucleotide <400> 19 atggtgcagc

wigagiettor20 WO 2006/040755 PCT/IL2005/001050 4 <218e1202624drt 050
20 <212> DNA <213> Artificial sequence <220> <223> Single strand
DNA oligonucleotide <400> 20 tctcatfctt gctgagcttc 20 <210> 21 <211>
20 <212> DNA <213> Artificial sequensae <82Q2> <223> Single strand
DNA oggo&qqleotlge <400> 21 agccacatcg ctcagacacc 20 <210> 22
<211> 26kl 2N Aos21 3> Avtificial sequence <220>

<120>

<130>
<160>
<170>
<210>
<211i>
<212>
<213>

<220
223>

<400>

WOVEL METHODS FOR THE IN~VITRC IDENTIFICATION, ISOLATION AND
DIFFERENTIATION COF VASCULOGENIC PROGENITOR CELLS

28174
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23

DNA

artificial sequence

Single strand DNA oligonucleotide

H

coagetatgt gaagaagaay adgy 23

210>
<211>
<21Z>
<213=»

<220>
223>

<400>

2

22

DNR

ariificial seguence

Single strand DNA oligonucleotide

2

gtgateteoct totgeattcg gt 22

<210>
<2311
<212>
<213>

<220>
<2AE3>

<400>

2

24

DHA

rrtificial sequence

Single strand DNA oligonucieotide

3

gagtgtgeag acggaactic agoe 24

<Z210>»
<Z1L>
<2l2>
<213>

220>
223>

<&00>

4

21

DNR

Artificial seguencs

Single strand DNA oligonuclectide

4

gtetgtgeee aacttggggt ¢ 21

<210>
211>
<212>
<213>

<220>
<223>

<400>

5

24

DA

Artificial sequence

Single strand DNA oligonucleotide

8

ctacaggage atgetgcoagg ateg 24

<210>
<q1i>
<212>
<213>»

<220>

6

24

DHA

Artificial seguence



<223> Single strand DNA oligonucleotide <400> 22 gtactcagcg
gccagcatcg 20 <210> 23 <211> 20 <212> DNA <213> Artificial

sequence <220> <223> Single strand DNA oligonucleotide <400> 23
wigaagaotergscctgtcacct 20 <210> 24 <211> 20 <212> DNA r2i822005/001050

Artificial sequence <220> <223> Single strand DNA oligonucleotide

<400> 24 cgcacagctg gaggtcttat 20 <210> 25 <211> 20 <212> DNA

<213> Adtificial Se0ueNnce 5220 5223> Single strand DNA
oliganucleotide <400> 25 atggtocagc tgagtcctcc 20 <210> 26 <211> 20

<21 2=-DMNAc<2132 Ariificial sequence <220> WO 2006/040755
PCT/1L2005/001050 5 <223> Single strand DNA oligonucleotide

<210>
<2il>
<212>
<213

<220>
<223>»

<400>

-
22

DNA

Artificial sequence

S8ingle strand DNA cligonuclectide

7

cgcgaagtge agtecaaaat cg

<210
<2il»
<z12>
<Z13>

<220>
<223>

<400>

8

Z3

DNa

Artificial seguence

Single strand DNA oligonucleotide

8

gogetyggete ttottoaats gug

<210>
<21il>
<212
<213>»

<220>
<223>

<408>

9

21

DA

Artificial sequence

Single strand DNA oligonuclectide

8

aacaacctga aagcecaggayg g

<210>
<211>
<212>
<213>

<220>
<223>

<400>

10
20
DNA
Artificlal sequence

Single strand DNA oligonucleotide

10

getgottgtt acgtttotge

<210
<2Li>
<212>
<213>

220>
<2Z3»

<400>

11
20
DHA
Aartificial sequence

8ingle strand DNA oligenucleotide

1l

agccggeace tgbttgtgecaa

<210>
<211>
<2312>
<213>»

<220>
<223>

<400>

12

20

DNA

Artificial sequence

Single strand DNA coligonucleotide

12

tgacttctes tgcatgeact

<210>
<21l>

13
20

22

23

21

20

20

20



<400> 26 tctcattctt gctgagcttc 20 <210> 27 <211> 20 <212> DNA <213>
Artificial sequence <220> <223> Single strand DNA oligonucleotide
<400> 27 gggggaggtt ggactgtaat 20 <210> 28 <2 1> 20 <212> DNA
waAi8srdatificial sequence <220> <223> Single strand DNAPCT/IL2005/001050
oligonucleotide <400> 28 agggcacatt tgcacataca 20 <210> 29 <211> 20
<212> DNA <213> Artificial sequence; <220> <223> Single strand DNA
aligenugleotide <400> 29 ggatctgggg agagaggaac 20 <210> 30 <211>
2012125 PNA £213s*Artificial sequence <220> <223> Single strand
DEMA?ollgonucleotlde <400> 30 ctctgcaccg agtcatcgta 20 <210> 31

223> ngle strand DNA cligonucleotide

<400> 13
cagtectgace agogtgaaaa 20

<210> 14

<Zil> 20

<212> DNA

<213> Artificial sequence

220>
<223> @8ingle strand DNA oligonucleotide
<400> 14
ggccatooa

ar

& atotgtocta 20

<210> 15

<2il> 27

<212> DHA

<213» Artificial seguence

<220>
<2Z3> BSingle strand DNA oligonucleotide

<400> 15
atcoecatttyg caaagettct ggotgge 27

<210> 16

<211> 27

<212> DNA

<213> Artificial seguence

<220>
<223> Single strand DNA oligonuclectide

<400> 16
tgtgaagogt ctcacaggtc caggatg 27

<210> 17

<211l> 18

<212> DNA

<213> Artificial sequence

<220>
<223> Single strand DNA oligonucleotide

<400> 17
caacgagaaa atgtcaga g

<210> 18

<211> 20

<212> DNA

<213> Artificial segquence

<220>
<223> §ingle strand DNA oligonuclectide

<£00> 1@
gyagoctter gttetagagt 20

<Z10> 18

<211> 20

<212> DNA

<213> Artificial seguence

<220>
<223> 8ingle strand DNA oligonucleotide

<400> 19
atggtycagc tgagtocotco 20



<211> 20 <212> DNA <213> Artificial sequence <220> <223> Single

strand DNA oligonucleotide <400> 31 acgggatgac caagtacagc 20 <210>

32 <211> 20 <212> DNA <213> Atrtificial sequence <220> <223> Single
Wetranel OB oligonucleotide <400> 32 acacactttg ggctggtadRF- 20La@3081050

33 <211> 23 WO 2006/040755 PCT/IL2005/001050 6 <212> DNA

<213> Artificial sequence <220> <223> Single strand DNA

oligonucleotide <400> 33 ctggcatggt cttctgtgaa gca 23 <210> 34 <211>

23.5212> DNA <213> Artificial sequence <220> <223> Single strand

DR olfjonucleotide <400> 34 aataccagtg gatgtgatgg cgg 23 <210> 35

<R21d> 20Q:iricial sequence

<220>
<223> Single strand DNA oligonucleotide

<400> 20
tcrcattctt gotgagette 20

<2ib> 21

<2i1> 20

<212> DNA

<213> Artificial seguence

<Z220>
<223> Single strand DNA oligonucleotide

<400> 21
agccacatcyg ctcagacace 20

<210> 22

<2il> 20

<212> DNA

<213> Ahrtificial sequence

<220>
<223> Single strand DNA cligonucleotide

<400> 22
gtactcagecg gecageatcg 20

<210> 23
<2i1> 20
<212> DN3
<213> Artificial seguence

<2z0>
<2Z3» Single strand DNA cligonuclectide

<400> 23
tgaagoctag cctgtcacet 20

<216> 24

<Zli> 20

<212> DNA

<213» Artificial ssguence

<220>
£223> 3ingle strand DNA oligonuclectide

<400> 24
cgcacagoty gaggtottat 20

<210> 2%

<21l> 20

<212> DNA

<213> prtificial seguence

<220>
<223> Ssingle strand DNA oligonucieotide

<400> 25
atggtgcage tgagtectoco 20

<210> 28

<211> 20

<212> DHA

<213> Artificial seguence

<220>



<212> DNA <213> Artificial sequence <220> <223> Single strand DNA
oligonucleotide <400> 35 gaagccagct tccacataac 20 <210> 36 <211> 20
<212> DNA <213> Artificial sequence <220> <223> Single strand DNA

woligonuelestide <400> 36 agtggtggcc tcgtgaatgg 20 PCT/IL2005/001050
5
<223> 5Single strand DNA cligonuclieotide
<409> 26
tcteattett getgagotto 20
<218> 27
<211> 20
<212> DA
<213> BArtificial sequence
<220>
<223> 8ingle strand DNA oligonucleotide
<490> 27
gggggaggtt ggactgtaat 20
<210> 28
<21l> 20
<212> DNA
<213> Artificial seguence
«220>
<223» Single strand DNA oligonucleotide
<400> 28
agggcacatt tgcacataca 20
<210> 29
<21i» 20
<212> DHa
<213> artificial seguence
<220>
<223> Single strand DNA cligonuclectidse
<400> 29
ggatctggygg agagaggaac 20
<210> 30
<2il> 20
<212> DNA
<213> Artificial seguence
<220>
<223» Single strand DNA cligonucleotide
<400> 30
ctetgecaceg agtcategta 20
<210> 31
<21i» 20
<212> DNA
<213» Artificial seguence
<220>
<223> Single strand DNA oligeonucleotide
<400> 31
acgggatgac caagtacage 20
<210> 32
<2i1> 20
<212> DWA
<213> Artificial seguence
<220>
<223> 5ingle strand DNA oligonucleotide
<400> 32
acacacttig ggctggtage 20
<210> 33

<211> 23
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<21z>
<213>

<220>
<223

<400>

[NR
Artificial sequence

8ingle strand PNA oligonucleotide

33

ctggeatggt cttctgtgaa gca

<210>
<21il>
<212>
<213>

<220»
<223

<400>

34

23

DNA

Artificial seguence

Single strand DNA oligonucleotide

3

4
aataccagty gatgtgatyy ogg

<210>
<211>
<212
<213>

<220>
<FA3>

<400>

35

20

DW&

Artificial seguence

$ingie strand DNA oligonucleotide

35

gaagccaget tccacataac

<210>
<211l>
<212>»
<213

<220>
<223>

<400>

38

20

DNA

Artificial segquence

Single strand DNA oligonucleotide

36

agtggtggce togtgaatgg
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23

20

20



