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. spec1ﬁc phenotypes remams a crumally 1mportant goal.
Blood Vessel F. ormatwn in Embryomc Development and Adult sze
In the early stages of embryomc development vessel formatlon occurs by a
25 process referred to as vasculogene51s m whxch mesodennally—denved endothelial
cell progemtors undergo de-novo dlfferentlatlon expand and coalescence to form a
network of pnmmve tubules (Yancopou’los GD et al. Nature 2000 407: 242) These
blood vessels are generally composed of two cell hneages each serving a different
function: intérnal endothellal cells that form the channels for blood eonductnon but
30 alone cannot complete vasculogenesns and penendothehal smooth. muscle cells that
protect and stabilize the fragile channels from rupture and provide haemostatlc
control (Cannehet P Nature Med 2000 6: 389) A third el lmeage the

hematopoxetlc cells share a commeon progenitor with the vascular cells and-
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Scrence 2001 ;294: 559) mduce pancreas dlfferentlat:on (Lammert E et al.,

20 2001 294 564) and trans drfferentrate 1nto cardlac muscle cells under spec;ﬁc

condmons (Condorelh G et al. 2001 98 10733) Whlle the nature of d[fferentlatron |

and development of endothelral precursors IS not yet fully understood 1t is- becommg
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25 Embryomc stem cells are dlfﬁcult to mamtam m culture tendmg to
spentaneously d:ﬁ'erentlate For ongomg cultures cells frorn the inner mass of
' blastocysts are typlcally grown ona layerof m ouse embryomc f 1broblast * feeder
cells to preserve thexr undlfferentlated phenotype and prollferabllty (Keller GM Curr
Opin_ Cell Brol 1995 ;7:862- 69) In mice, early drfferentlatlon into embryomcally
30 'dlstmct cell types can be mduced by coculture wrth stromal cell lmes (Palacxos R, et
al. PNAS USA 1995;92: 7530—34) culture on substrates such as ﬁbronectm lammm
collagen, -etc. (Ogawa M et al Blood 1999 93 1168 -77) or in v1tro aggregatlon of _
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trans-differentiate” from the endothelinm (Glttenberger de-Groot;, AC et al,

Atheroscler Thromb Vasc Biol -1999;19:1589), and differentiation of -.embryoni'c

common vascular progenitors (Flk1+) into éndothelial and smooth muscle cells. can
20 been observed (Yamashita J et al. Nature 2000;- 408:92). However; attempts' to
“directly extrapolate from mouse to human EC systems-have met witﬁdisa’ppointing-
'resu'lts indicating that many developmental pr'oéesses and requirements are species -
| specxﬁc (see, for example, Reubinoff BE et al, Nat. Biotechnolog. 2000;18:399-404).
- Specifi cally, in contrast to it’s expression in mouse embryomc stem (mES) cells; the |
25 vascular specific grow_th factor receptor VEGFR 2 (FIk-1/KDR} is expressed in -
| undifferentiated human embryonic stem cells (hES) (Kaufinan, DS et al. PNAS USA
2001;98:10716-21) and does not increase d’uri’ng 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
30 Nishikawa; Nishikawa Sk et al. Curr Opin Cell Biol 2001;13:862-69). Levenberg et
al. (Levenberg, S ef al. PNAS USA 2002;99:4391-96) further reported that other

~ endothelial. markers, namely vascular endothelial cadherin (VE-cad) and platelet- -
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(Levenberg, S et. al. PNAS USA 2002; 99:4391-96), indicating that the timng
- of VEGFR 2 expression may vary anong vertebrate species 1¢&saher P83 ewed by
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‘characteristics such:as cell surface antigen CD34 and hematopoietic colony formation
(Kaufinan, DS et al. PNAS USA-2001;98:10716-21). - Tn another recent study,
20 endothelial cells were selected by cell sorting (FACS) from human embryoid bodies o
(EB) using:.moné.clon-al- antibodies. raised against the .endothelial-specific. marker
PECAM—] (Levenberg, S et al. PNAS USA. 2002;99:4391-96). The selected,
PECAM-1+ embryoid. body-derived -.(EBD)- cells. exhibited. 'cndothel-ial-;spc:ciﬁc o

Characteﬁstics« such as von Willebrand factor, VEGFR-2 and VE-cad surfaccAma_'rkerS' _
25 -and primitive, vessél-like cord formation -when cultured ‘on a soft sii_bstraté
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mm-vive. 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
30 embryoid body formation prior- to appearance of endothelial -phénotypes, ~and
immunofluorescent c ell-sorting for selection according t6 endotheljal cell mark_ers,'

-rendenng them- both costly and unsuitable. for many. clinical .applicatioris-. Thué, it
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20 disclosed are methods for. modulating angiogenesis; and diagnosis-and treatment of

-vascular disease and. neoplasm in. a subject, the methods employing : detection,

i
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-mgasurementand--rnodi—ﬁcation of levels of Viezfl in tissues. However, the transgenic

ES cell experiments described were restricted to- mouse: embryoid body.cells o'ﬁlj,

and neither human nor any. other primate embryo cells were. used. Funhemlore

25  selection, accordmg to-the disclosure, is on the basis of Vezfl expression; thus fallmg
to overcome the abovementioned limitations of aggregation. and-immunofluorescent

~ sorting. - - - , | : .

A.S. Patent App].i_cation No. 20020039724 Al to- Carpenter, M K discloses

methods for _differentiatiqn and selection of human embryonic neural progeni{‘or

30 cells, and therapeutic, diagnostic and investigative uses theréof._ The -disc.:Iosedl
human neural progenitor cells, for reconstitutive therapy. of, for.-_g)'_cample,- neural
'dgge‘nerative disease, are also derived from hﬁman embryoid bodies, and are selec}ed :
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and neither hunman. nor any: other primate enbryo cells were used..
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of aggregation. and:immnofluorescent sorting: U S. Patent Application No..
120020039724 Al to Carpenter, MK di cI oses nethods for differentiation and.
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appl | cat  on. ReBU, PEvelRty BEeelobt T AiniaRop S S 1T A2H61 on. v
0210347]3@%651% %Mﬁﬁdsﬁ%ﬁw% 96 Qﬁ?&tednﬁifﬁ?gﬁlahgﬁ” (f“H BnCenbryo

differentiati on of human enbryonic stem cel treating lalggregat ed
enbr yoi gemodsiisdby i tveating edggscgatetih emboypad dnmiﬁ-dxari‘mdt mﬂs wéhr éxplgemenst he
ecific I|ne The factors used were known

cul ture for cel.

o 1 Mt ofactoR, sRrighRE i s sekrehc NGt GeHgVRS ohfackuBsNVer one
fact or r | 0 and 8

differ entcﬁg% ?%%wgssgf gﬁ%‘?ﬁrﬁﬁ %Ee)g’ %mil %ﬁlg%g%g%ﬁg{dé\ﬁ%&é’égfg&fma%&to Fie "}

appear aeyiderofal tgrewtle fhitog afifrobipsic gifdvﬁh faetdr, stw.f aneé. diffekgtistionl wdd. S. Pat .

Appl i cn%‘?ton .No. 20010041668 ‘Al, to Baron, Met al, discloses the use of -

extrae Ye§ Bﬂﬁb%ffﬂe(@‘@@ﬁ%m})ra&éd%? appogrameg et Hestag deecTIRECBRd -~ WNT f or
- nodul -at éé?ﬁu?fac@&%ﬁ&e??o' esis and vascular growth from nammualian adult and
‘enbryoni c: mesoder derived stemcells. Manipul ation of the I evel s of

these ext r aUdriay.ompliogtioe Not 2004008 1668-Ale t@BQfﬁn(}M let eniiscRRERMe, Vi a
ext ernal application, 20 or genetic engineerin for exanple i's disclosed

~for eit¥ero Rrraembryonis, BOMREYHG mgne tedusasranehas Hadgehogs/TNF \aadcul ar
potenti W&Oﬁﬁl@%ﬁﬁ&ﬁaf B%at%f)&@&lggﬂé Va4 &gwﬁ% ﬁ%m:mammahan'adult

and embryonic-mesodermal-derived stem cells. Manipuiatio'nbf the levels of these
extra-embryonic gene products in the stem cell environment, via extemal application,
20 or genetic engineering, for example, is diselosed for either enriching -or..dim‘iniéiﬁng

~ - the hemiatopoietic and/or vaseular potential of stem cells for tréatment and diagnosis.

-of diseases involving blood abnormziliti'es, hypervascularization, neovascularization -
-and revascularization of tissues. However; although treatment of human embryonic -
tissues.is’:pr’opijsed,‘ no.examples using human adult or embryonic cells are presented,

25 and.no .methods for culture.or-selection of n0n~aggregated embryonic stem “cells,
designed to.overcome the abovementioned Jimitations, 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--progénitorv cells 1solated thereby can be used for m=vitro

30 vascular engineering, treatment :of congenital @ and- acquired. vascular ‘and-

hematological -abnormalities, for evaluation -and development of drugs affecting




of diseases, .involving bl ood abnormalities, hypervascul arization,
neovascul ari zati on and revascul ari zation of tissues. Howsyetotel 2b@Ugh
treatment of human .enbryonic tissues.is proposed, no exanpl es using:
“human adult or enbryonic cells are presented, 25 and. no nethods for
culture. or selection of non-aggregated enbryonic stemcells, designed
to. overcone the abovenentioned limtations, are disclosed. Thus, there
exists a need for a sinplified and i nexpensive nethod for the in- vitro
identification,. isolation and cultur‘e of human vaseul ogeni e: progenitor
cell's. é‘é&ﬁlo @8% o&&ge? 04 %}' fEn‘Pr{er ﬁ—[‘%é@t érf |ht%tti%§ué H%El%h%{at%ﬁn be used
for in-vitro engi neeri ng, enit al
ach|red“Wa§Udpmme@nd henatologlcal abnornalltles for evaluatlon and
devel opment of drugs affecting 16 Cct ober 2006 7 vasculo-and angi ogeni c
processes, and for further investigation into tissue differentiation and
devel opredMMABYRINRHEAMVEMEIQMVENTI ON According to a first aspect of the

present i nverndc@ﬂauﬁ;hs %Q‘rét%s?éc@\’)f fi\%cbré’séﬁﬂnbeerthherQ ise;naméwa Yrstitddl gpgeni ¢
progenitor cells fromundifferentiated el | t he met hod conpri sing

cul turi rfﬁe‘i""lﬂﬁ‘ﬁvY%ﬁ%’Pgem’Fdlpfqg@F"&Ht ?%‘PefGOfES"E’EieF%’t'?‘ﬁd ERehoer theumetsfie for
‘i nduci ngontpriihg u:elntmgﬁnmmm@f uridifReréritididdl =S edikiid fthnksr sa&bt&ié fdrrﬁdmcm

I b f
var o CH BT ShoiEeutied BS BB oo rile Eais‘JPa?. on
of I ?:el I snbta:angi aqeikéd psputdtior rof tchitsn abhd @tﬁtuﬁglcams Mﬁ@@ukmeﬁo pmrfrcmgealut or

) ! t t t t t
orovi ded 253 BpABoR of SRCP R SERIRMLRo BPOREM vPUBeTE rasaile

undi f f ercefis.i ated ES cell's, the method conprising culturing individual

undi fferenti afgd E@ tnﬁglslaéond {E%rpr%%ggﬁpérﬁnﬁ ﬂ{er @%\II/ISJ di 5 method

dlfferentlatlon o) ren |at asculo énl
pr ogeni tQﬁrPFGEQFInQ epitbeks yprogaitai reelisy ff@ﬁrnumél&erpomcatﬁsbrcetﬁ thel rInsthoand

i sol ati ngf Fl \l.llfhrr: gfndé/gﬁglmlﬁghf%%r{h%@@ Lefts uﬂ HSHn A RHLRE *q‘?mo‘af:m ells,

said cells elngmﬂg |a progenitor ce cording
to a th|q*fffr%i§'9 Ofdheﬂln@ffgﬁétg?ém E ﬁtntqma&cwegww propeaitar geds tereby hod of

prepari %taﬁhﬂ@fa' rﬁuxé@bb&lzitroﬁfefébeﬂgF%Hd%bl@ﬂ‘hgoéeuw?ﬁﬁéﬁ mgﬁryocwﬁrf&g#@é.aor_ cells,
t he net hod ri sing obtajining a popul ati on vascul ogeni c rogeni tor

cel l's; awaed;m ipmy gf qui% sajsissils %Hﬂ%ﬁ%éan@g@me&alw@aj@m& scells in
the presence Agkorging |t@§$ﬁ|rd% e&loP M présmi ment@ﬁltﬁ@@tsqorsﬂaed Athegioadrsomati c

cell differentiation, ere repari e somatic cells
preparing somatic ceI!s rom a poBuIa ion ofn \gasculogemc progenitor cells the method
comprising obtaining a population of vasculogenic progenitor cells; and cuituring the
population of vasculogenic progenitor cells in the presence of at least one growth factor
suitable for inducing somatic cell differentiation, thereby preparing the somatic cells.
According to a fourth aspect of the present invention there is provided a method
of preparing vascular tissue, the method comprising obtaining a population of
vasculogenic progenitor cells; and culturing the population of vasculogenic progenitor
cells in the presence of at least one vasculogenic and/or angiogenic growth factor, under
conditions suitable for inducing vascular tissue differentiation.
According to further features in preferred embodiments of the invention described
below the population of vasculogenic progenitor cells is cultured in a semi- solid,

vascularization-promoting medium.




,_Accordr ng to a. fourth aspect of the present i nvention there S provr ded a
nmethod . of wasgi@riddd vascul ar tissue, .the method conpri sila@coiifendicng a.

popul ati'on of vascul ogenic progenr tor cell's; and cul turi ngPGTEOHOEA0 at i on
- of vasculogenrc progenrtor “cells in the presence of at |east one N
‘vascul ogeni ¢ and/ or angi ogenic growth factor; under conditions sui tabl e R

for inducing vaséﬁ?f%iﬁmgltgsmeﬁﬂﬂfef demirtd ﬂxt;br@f&rre&‘éﬁﬂ{ogin‘i%é 8f hﬁ:rl}lt)&tiof eatures
in pref erreg glqﬁ)e%dg e i nvention described below t pufat | I on
of vascul ogenic pr ge PB@? P%OH &f diapeulnasnici progersitomi is eudhirel on a ‘3- -

vascul ar i Zagintensiph ¥Wifid)@ medi um WO 03/ 087296 16 Cctober. 2006
PCT/ EW8100320 - 8. According to yet further features in preferred;

~enbodi nents of tAecordingte stith fusdes ¢Ednlies WL A .
vascul ogenré; b,ﬁgﬁgigt O{“SI S cuI tured on lnb‘gkﬁ}gfarrgﬁ]sbﬁona ﬁ%ggﬁ?q{“é‘muﬂﬂcor di ng
to still ﬁ’e Fapey %ewd@uawnmrmmmmtmmww
descri bed t&hg VS SIFAL s and i c.factor.issel ected- from

‘the. group co!r‘tﬁsrrré;t% ng o é\?lgg@u %@&%WQWRWP%(@FE) HIatgleF) ,
angi opoi et i (Uﬁmiggl:omﬂi &towxe(d)nele}eepmﬂﬁ (Eph), mlgﬁ%w ?5) rin (Eph)
fibrobl ast romfﬁ 2@%@5 |(i> . tunor. ac .
pl acent al . gg‘? tr ap p@eeqtalmwmnqm@vp fifth aspect -of the

present invention there is provided a-nethod of determ n| ng an effect of a
factor on vasc@lcao'rdldgkehcﬁﬁlfeerbect of m%%séﬂqh@ntrgi‘i’meté& dahq@ff‘o }hod

conpri sin i on of vascul ogenic e or ce

exposi ng the %@%Eﬂ"g a[tﬂ?ffeg{;% Q%rcctﬂ %@EW?%d%’P@@E\?PE @ 0"6 angl!or quifleaﬁomct or;
and det er fefmAGod roraprising oldining epdpalation ofe,@sédrtfgem ,;sto%qm Pﬁ ng,
vascul ogegy ere m ne ct ereof on
vascul ar deﬁ%@g%g&pbftvg%%ﬁ% iy ?)Cr%o%ed’ ot & %{t?r ﬁg"td‘?re@t'%ﬁ’@éﬂmwng pn effeat pBd
enbodi nent® GFtof AR thengaith Pppulaticdesf orbduimehiel ppuygdniter &6 Lo khdrbyPdeidtRfteance

and/ or ant@rgﬂeegqhérg%a}g Lo ding. to yet further féatures iIn
preferred enbodi nents oat |the\ygf?ﬁ%§'ﬁlt descri bed below the factor is a

put atixe angi o scul ogenesi s downregul at or, whereas the
met hodﬁf urt her %Jr%gﬁﬁ%ego %F{"?Fr? Gfiresh & pfermada einbodinienzo of atke UhegriohC -
progeni t ordesibed belodahe FRM6H L e for,-pro angioge is .
and/ or vascul ogenesi s. Accor dr ng to s%’ﬁ?‘{’ W‘g‘“ é@iffe “in;prefer ed -
enbodi nent's of Ackerding/tenydt durther features in preferred embodiments of: the invention

described. below the factor Is a putative angiogenesis and/ot vascnlegenesns
downregulator, whereas the method ﬁufther includes .culturing  the . -population of

20 vasculogcmc progenitor cells under conditions suitable for promigting, angmgmls .. o
and/or vasculogenesis., . -

According to Shl] further features in. prefcrred embed:m%mts of. the mvent:on
described below_the factor : is a putative angmgenes:s ‘and/or vasculagenes:s
uprcgulator whereas the method further includes. -culturing. the - populatmn of

25 | -vasculogenic pr:ogemtor cells under conditions, -limiting angmgenests and!or .o
vascu!ogenesns

Disclosed herein is a method of relieving or preventing a vascular disease or
condition in a mammalian subject, the method effected by obtaining a population of
vasculogenic progenitor cells; and administering the vasculogenic progenitor cells into
the subject under conditions suitable for stimulating differentiation of the vasculogenic

i progenitor cells into endothelial and smooth muscle cells.




-+~ condition |n a

'__dESCI’I bed belaw. the factor.: is a putative angi ogenesrs:..and/or

‘vaseul ogen@gog o HBE egul at or, _wher eas the rethod further mﬂctu.’daeszooé

-cul turing. Pnar: popul ati on of 25 -vascul ogeni ¢ progeni t or . PEBEEAS/ ﬁ??ﬂer
..conditions. ..limting angl ogenesi s ‘and/or vascul ogenesis. Disclosed, o

' here| nis a rret hod of reliieving or pregenting a vascul ar. di sease or '

_ eoromlingato Suithep eatufdd SinBleR@fbdelhBSdiRRYs O MePinbbiiy

popul ati on cuI ogeni c rogenitor cells; and admnistering t

vascul ogem 6‘3 emcugr flisease or penditior @@biemdé’mncmgnhtmlcomstm tabl e

for stinmul@gin re |on he-vascul ogeni ¢ ogeni t or ceIIs into
endot hel i a?tango@r?%]féa?h #SC%P e cefsf)‘é&e% 6%819@%0@1%t %bs'@F deggypgrnd ‘
PCT/ 1f 03/ O@¢Bémiafiepesfisioniinary.0 further features.in preferred embodinents of
the invention described below the vascul ar di sease or condition is
"selected froma group consisting of congenital vascul ar disorders,

acqui red vasculRifclefed futher és annnbthodsofhmscwla’izﬁr@p@ Haﬂﬁﬁé?n@n ltiﬁédér the rﬁéﬂiﬁﬁ osed

L her ) ot bpduliniR oM AIE " SRS Thodaisr Eane! Bsuitiing e
cont act i ng@f 099\9‘5“5!?!99%% P@lspmtlﬂgtl}lm roammalidrl tsswuk tuddéheondRiBRE s Litibld fob Sue

under condyt.tnluraﬂﬁ Sdiffdrértila t ren iatjon

vascul ogenic ﬁU‘Pg&em tor fg%ﬁl‘ %E tpt?lt\}gg%urfgéo R‘gp%gfzm '§rﬁ3t8t ﬁ"‘%ﬁ%’?' apd) | s,
Accor di ng cqllgat ures in preferred errbodl rrents of the.invent on
descri bed bel ow themammal i an tissue is an engi neered; non vascul ar tissue
i.n need of vascul arl zation ahd/or an enbryonic tissue. . According to
further feat urehccording de cfurthet feahweli ire prefeéd ebodinmnen b ahe idkntescr i bed

bel ow con ascu i c-progenitqr cells with: the mammulian .
tissue |sd%géf#b%§r’?§@wﬁ1 “%‘gﬁ‘i‘“ ?fg G ISR e@%@?@sé&nﬁ'&cﬂ@ﬁﬁﬁ@rmmﬁe@ met hod
of reli ew@ga@map&gdﬂgaﬂ ﬂ’%h% di sease or condition.in a
mammal i an subj ect,. the met ho ect y obtaihing a population of

vascul ogeni ¢ pd’ggelm!mgmto dfefthes; feambsaiih Nprifetel eMBodARnkasE Yhe GdREGoN -
progenitor ﬁ3 Pto t he suuélect under conditions suitable for stinmulating
o 1o ntlﬁ@?'JS below pentgetng aﬁp@gmg@mtorwllssmﬂnﬁmmmumhml al and

bl ood cel kigsye is petf@nned in vitro or in vivo.

Disclosed yet further is a method of relieving or preventing a hematological
disease or condition in a mammalian subject, the method effected by obtaining a
population of vasculogenic progenitor cells; and admlnlstenng the vasculogenic
progemtor cells into the subject under conditions suitable for stimulating differentiation of
the vasculogenic progenitor cells into endothelial and blood cells.

. According to further features. in prefetred- embodiments -of the inventiori
described below the hematological disease or condition is selected froni a group.

. 25 consisting of ¢ongenifal blood dzsorders acquired bltmd disorders, clotfmg d:sorders

' and neoplastic disease.:

Accgrdmg to.further features in preferre‘di enibbllﬁrﬁcnts ‘of the invention

described. below.. obtaining ‘the population of 'vasciilbgenic cells” is ‘effected by
~ culturing individual ondifferentiated ES cells. iit-a. manmer -suitable: for inducing

30 differennanon of the undifferentiated ES- cells into vasculogenic progcmtor cells.‘

thereby obtaining.a mixed population of cells and 1solatmg cells smq]ler than 50 pun.
" from said mixed population of cells.




According-to - further features. in prefeired enbodi ments of the invention
‘descrl bed iyad gapstig hematol ogi cal  di sease or condition i ©elobet Z006f r om, a
group . 25 consisting of congenital blood disorders, acquW?’%&" '
di sorders, clottlng_dlsorders and -neopl astic dlsease According to.
‘further features in: preferred:  enbodi ne's of the i nvention

. desci i bed. bel ow.,,. obtai ni ng t he popul ati on of vascul ogenl c ceI I's" is
 effected by cuIAt"&?rfj'ﬁg fendi sixttiuaspesh dif fther matdnatifrkn manner

tabl e fcomposiGhic t PR deentich tere™is Broyided & o |
oo aase Ul b o o naidr Kdnl 1SR kAR aht ‘ﬁn%g:ag&{neo?emwpgm Ton of

into vascul p(%%m c @genl tor ce

cell's and Feoraty nge eI"Y'Le"%'ﬁeFEI"érVaSthgélﬁlc gprogeri tbﬂfﬂe‘ﬁﬁl Qremgi‘%g 3 ation
of cells. Wlﬂ&éﬁt&?&ﬂ@sl@e@ctbgbgr gﬁr/ L LO3/ 00320, ccording to a
si xth aspeg,t‘dlﬁére'ttgg n&ﬁ i nvent I on tﬁ PRising” feo slepsdy Sylturingningdiduabn of
matter conprisin sCRiSt i #ndnanngo pultatile cfnr (D‘fduwagcmkf@,gﬁ{gtgn & ggeni tor

cells, V\heweilffersralatbdvﬁs@Ullsﬁ@:&ﬁkléscﬂfo@gﬁe n%g{enﬁoer' cgeﬁ«f Herehis CHC IR
Ye i ng

undlfferend || a met hod

i ndi vi dual ;‘fﬁaﬁﬁ?&eﬁﬁr@t’%ﬁt@g cetls P@a'ﬂfﬁ t@mneﬁ‘omwaicﬂhi@dfﬂébulhw ng
di f f er ent i @¥.cHI % reallenthan f50pMEYinAl 8 vascul ogeni c
progenitor cells thereby obt ai ni ng ziqﬂm ;&Jelgg%nfcglrﬁen Eo‘f?”ﬁf cells and

i solating cell s gﬁ,&eg(}%%om Sal xed opul at ion of cells,
said cells snaller th 4% pm bel o theefnventiowcor di ng

to furttherdescobedibelow the nibefrate ris beeRadksmN vent
descri bed %(ﬁ* ow tge subst rate i sx sgl ect e r%%@heﬁ gr%‘{i%l%ﬁt EF@ of

natri gel WWW@@IIC scaffold . According to still

further. featur e | mant S of the i nvention described
"bel ow 't he vascu‘tggdgdg%@é% ?‘%gﬂﬂteg? §1P‘§’ feripdrcartiodiments of tirecinvergionr at e i n

-a  mannerdesarited tefow DRUGSIGREL Gibed L%[Q{E the substr.ate.
According to.further features i n pr% re ngél(lﬁl%%(n &g F‘%“?W\}Bﬁtlon
descri bed %@%ﬁqwohmﬁaamglacdbvmmaﬁmﬂﬁnﬂﬁ%ﬂwda is.. selected froma
group ysconsi st blood dlsorders acqui red bl ood disorders,
cl ot t| ng di sord‘gcg:g%%g?]gﬁ%‘ fureh ¥bpeeferred :emboétmlsjnﬁgheanymﬁurt her
features. igesqibed Weldie uesTholh | nv i on scrl bed . bel ow
cuI turing .the individual: un | L EH%JIE Ty §c?"§ ' dfgm &ﬂ’uﬁy

consmtmg of congenital blood disorders, acqmred blood disorders, clotting dlsorders
andneoplasnc disease. -

. According to. yet. ﬁlrther features in preferred embodiments of the invention.
20 - described below culturing the individual: undifferentiated. ES cells is - eﬁécted by
sub_tectmg the undlﬁ‘crentnated ES -cells to at least.one. condition selected from: a»;

group consisting of avoiding aggregation: of ES. cells, growth on: <ollagen;- cell .
'seedmg concenﬁrat:on ‘between 2X10° and 1X10° cellsfom? and: presence of
differentiation medtum '

~25 . - According to stlll further features in. preferred embednnents of the. mvennon-
. described below the undlfferentlated ES cclls are human ES cells.-

According to a seventh aspect of the present invention there is provided a
method of preparing endothelial cells from vascular tissue, the method comprising
subjecting the vascular tissue to conditions designed in-vitro for dissociating cells from
the vascular tissue, thereby obtaining a mixed population of dissociated cells and

isolating cells smaller than 50 pm from said mixed population of cells, said cells smaller
than 50 um being endothelial cells. ‘




subj, ec‘tl ng the undifferentiated ES cells to at |east- one condition

sel ected’ fw 0 gr-oup consi sting of avoi ding aggregat i®@cabeE®06cel | S,
grow h' on"eo :1 &g’éﬁ - cell seeding concentration between POFE 85! o) 1X105
cel | sfcma and. presence of - differentiation medium 25 ..According to still
farther features in. preferred enbodi ts of the. invention described
bel ow t he undifferentiated ES cells are human ES cells. According to a

sevent h aspect Adcoldi 184 there s provided a method of
preparing endoth h@?. 2\? ceﬁl%gmh é%\évasc npressin g!gargloﬁtﬂp]eée feRrAidecdamethodi ng

T A e P A A N AL
o
" AN &%&%@ | so?ﬁ(?r 4 SOS@F'?%%E'%B{“P’BW‘? Nasrukm pm

popul at i o9 3h5300| ated cells and
from said F?\S's'(ee HEPRRINEY Bmixed pepulatign wfdalsbsamd&iellsertherte Bbéﬂur%”& bei ng

endot hel | ahlxe):ébbmﬂatid@ &Sﬁﬁl&aé’eﬁﬁ:e@ &% RB&fin rf&% Iapggr#n?géoog’%rgmp?m ded
i ded a

Accor di ng ect the prese I'nve
net hod ofrﬁlg‘? pé’r‘J'ﬁ pﬁeﬁﬁéﬂde{?e"%ﬂm@rfhaﬁlﬁpmwhgieprﬂlekaiuzells t he met hod

conpri si ng- subj agkdy t.l ssu conditions designed in-vitro
for dissociating ceFﬁg #beo %% F"fregs%b"‘i%ﬁ@bqfﬂmtmmmm a m xed

- popul ation Qﬂcnbmﬁmdmv&teeﬁsaﬂbﬂmuéﬂﬁxﬁﬁ}i H g]gsa m xed popul ation of
i ndi vi dual cell pqogcpd isolating cells Iarger “t han 50 pmfrom said m xed

popul ation of ing 49 et Birther Satureein prafemed @nibodRgsne lﬁietiﬂ%r{n%h cells.
nt

Accor dighg dRérted! eferred enbodi nents of the I nve :
descri bed bef%gvsutwie&gggéﬁggﬁ S’PE@ { °R §b8nS W ot ateaisotitas via fleatei ng to -

-yet furthenorbhaha&)e@dl&d&ﬁ'&ﬁﬁé@d errbodl ments of the invention 1_0_
described below'the cells smaller or larger than 50 tunare isolated via

filtration, = nekspding toystithfirther fatists MRbfe alcEel still .further
f eatures | g@gglred e\rﬁiodl nment s of therﬁl nmtéﬁlgn d%}gsc %lg JOYSBHRY ¢ he _
filtrati on GOEY PERWthe figation 15 eiketeripia adilter having aiptee §iﬁ‘a|shﬁﬂe[tthﬁ{'l 50 m

Accordlngsognﬂ.nlnth aspect- of the present invention there is provided a
cell culture conprising a population of vascul ogenic progenitor’cells

bei ng sust ai nallgs r state. for a t |east 14 days and bei ng‘
rJ:hH ?oé)ﬁi‘ﬂ{H 55% de'ﬁeUDcf?‘T‘F"ﬁh"g‘ém@" thefadot hel i al  and/ or

capabl e of er 10
“hemat op ob eondgdCae elg compnsmg a population of vasculogenic progenitor cells
being sustainablein a proliferative state. foratleast 14 days and being capable of

differentiation .inte smooth muscley endothielial and/or hematt)pmenc cells upon
| exposureto at least one growth factor selected from the group. consisting of vascular
20 endothelial growth factor ('VEGF), angwpmetm (Ang); platelet derived ‘growth factor
(PDGF), ephrin (Bph), fibroblast growth- factor (FGF),: tumor- -growth factor (TGF)
placental growth factor (PIGF), cytokines, erythropoiétin, thrdmbopoxctm
transferrin, insulin, stem eell factor (SCF), Granulocyte colony-stimulating. factor (G-
CSF) and Granulocyte-macmphage colony stimulating factor (GM-CSF).
25 - According to further features in’ preferred émbodiments ‘of- ihe inverition
«described below -the population of vasculogenic progenitor cells is: capable of
expressing at least oie exogenous. polypepnde selected fromi the group consisting of

cell-surface’ markers cell-surface antigens, angiogenic factors vasculogenic factors
and hematopoietic factors.

3 . - According to still fitither features in preferred embodrments of the invention
) .dcscnbed below the exogenous polypepnde is cxpressed in an mdumble manner. -




| exposure ' to at |east one gromh factor selected fromthe group, consisting
of vascul ar 20 endothelial growh-factor M GF), angi opoi@Oictoberp;
pl atel et derivedgrowir factor (PDG); ephrin (Fph), fibroblast growth
factor (FGF),: tunor growth factor. (TGF), placental growh factor (PIGF),
cyt oki nes, erythropoietin, .thrdnbopojgtin, transferrin, insulin; stern
cel | factor ( 2EE stlrrulatln factor (G CSF) and
G anul ocyte macr mhé}gtg%t:{%ﬁ}g%p %c§ m’ﬁé’f?sﬁé’t F‘é(%"l‘tﬁf'%ﬂwsagpylde@5 uséofarding to
~fur t her PPRUtiANef Vascylegsinin progoritob oelisITe i maifabilie éf%V&i?ﬁdo%o%‘i’&%ﬁ I bed
beI owthee[@pe raldridn OF n nitor cells is able o .
expressin atlulbeast gnea\gg%%?agﬁg%g éepSP%@ﬁPPdéag@nHml@a Sﬂbl@@h Whgeglroup
consi st i ngﬁ?r Sa'@BPPU'QW%@@SCUWGeMQpmgem&irloewﬁtéiféble%ﬁdf&?éiﬁat'@mdg genic
factors; suighrlbORne ifBC hemat opoi etie factors According to
still further features tianén(aE)ﬁ’]ﬁ""a 0] L imHsAlesceds, theneby rallevidtingnsaidlescr i bed
beI ow th(‘-,‘a%:%%@g'ﬁ'é%&e %&P?@@ml de is expressed in an inducible manner. .. ii
----------- 16 COctober 2006 1la. According to a tenth aspect of the
-pr esent i nvent\ceRTdinade anielevpnth wspret obthe peeseht mveriop theae isqmovdedvarsizul ogeni ¢
progeni t Q'Ftrocrﬁéthﬁd bﬂvés*&@laﬁﬁﬁ@lfa Wﬁﬁlaﬂftls%.lec WP ASIhb %Qm&maqgi gaﬁ ob L?EA rﬁf or
[

prevention of scul ar di sease_or tion I n a
wher ei n, @ RPRY ag@ OlYEFEHpASHIA PiRgedioT Ry dRlwintagting eridyasgengenis progéﬂitsr is

capabl e oblsith eserhihinBrSHs -ty LABL oGNS | ORSHIE THO SEAARRAP! T2l and

snoot h mﬁﬁF ) cﬁ J;ere alleviati n% vascu ar di sease
~conditio e%@%foﬁl FA%vaRAY eé\Fe‘Pnglerﬁt@ s inip andethgliad sadsmopthenusdn t her e
i s provi dei, ﬁ:arabyenﬂcﬂ:mg)th@%i&!in@fofVtﬁe&%@hélr' zing a mammalian tissue, the

met hod conpri T bt ai n uI ation of vascul ogeni c progenitor

cells; (b) co%%??migo?%ﬁv ﬁﬁf? %l%ﬁ@ 5 Byentiop dfrere isgirp\ddag & wsesefiad

ga][r;ral i apopulation ef ivasaridgeoic pnatehitarais in BB Sm&Uifddahh ﬁf E%n@bélmﬂd@' 'rtlﬂélg I g
ifferen gy eni ogen|tor cells into endothelial an
oot n kel & BrefemBA' dh & ASAHO BB, iedtsR Hecaratiet A MR Bt s e,

Accor di nghereing inwes, t $ricsppotatiaf df hmspulegané proyeinbi @Bl herephise p51oV| ded a

5 Compost Tranuiy' B @S} bAMRRHE JAGT PR bR, FenBietd siica ek ease or

a COprOSI t1on Ief or prev ease or
condi t i offtevigting wﬁrﬁﬁmﬁt@nmstmqlwse or condition.

“Unless otherwise defined, all technical and scientific térms-used herein




‘wherein, in use, said popul ation of vascul ogenic progenitor cells is.
capabl e of differentiating under suitable conditions inte®Cendetpwesi al and

bl ood welgzmsgrdoher eby alleviating said hematopoi etic digegads@és2eondi tion.,
unl ess otherw se defined; all technical and scientific tenns.used herein 16
“Cct ober 2006 WO 03/ 087296 PCT/IL03/ 00320 12 have the sane neani ng as

~‘conmmonl under st ood hy one of ordin % the arf._to  which this

N nventll%/ﬂ’f %%%mem%%@w%?%wéeaﬁv& tcgﬁc. ngdlgwmsk@rméhe@am valent to
those dgfichidigdnlteiieh Bebffs .bﬁlthlﬁ%% thnbBCarkl AGEESE BRI chBidalhe ' e
,_present I nvention, -suitabFe and: rraterla S are cr| ed bel ow.

, pul:tblthmeldmmbedpmeﬁntmﬂmalsbﬁmtlmr]ﬁactlpabents,, and ot her - references :
_nentloned herei n are .i.ncorporated by reference |n their entlrety I n case
of ‘conflEfting Oﬁ‘h%l’f?é?"ér%"%ﬁ%lsﬂt@ﬁ? P@Fhf’dﬁﬁeql IHHGISBE | ni tions, willcontrol.

I'n addi lustrative only
L 3o desfired Mo B T Bl Sarialk ﬁ?%a"ﬁ@% E@a@@%{ﬁ e *OF “THE DRAW NGS
7. The lxﬁﬂe@eﬁde@mentlsnéaﬂfeemﬂ afbaciThbatkd Hyywefyernt iethairdntretyll y, with reference
to the acconPanyl ng drawi ngs.. Wth specific reference nowto the draw ngs :
?

i n det dieass pf condlict; the patept ﬂI’ﬁ‘éﬁCfttH@a H&?%‘%qi‘%ﬁ‘%n%owu are by way of exanple
and for (oX:1) 15 i dj ef erred enbodi nents
of the ﬁ?lgp’ggn@al%rq\g}eonf ﬁneéult&?&lg %éd{(gds 'lﬂ% spg%tag%ﬂmg?tﬁ;e cause of providing
what |so;hﬁhn@ﬁadnteadmotuaq,m§g usef ul and readi ly. .understood description
- of the principles and conceptual aspects- of the invention. In this,

regdrd; no -at t.enpt- i s nmade:to show structural details-of the. inVention I n

nore d @Eg iﬁ danmental understanding.:- of the 28,
|nvent| ﬁtéF ¢ Tﬂlﬁ%uuu Mt he draw ngs naki ng’ apparent to %

those skill eghe infvehtich. i@rﬁerdwues*chse@ eayamg} of. éﬁfdlﬂlie Sihiy! WRh FEURAEE &N MRy be

enbodi ed in practlce kn the draw ngs H provide. an outline, for,
and nmi dhe gecomuanyingsing ma%|W@ﬂnSheclﬁ@m¢f@meebas@utl@elrewmm depail,hiuman ES

cell -deriyed Ul enitor.cells 25 Fi | Aal | ustrates the
oot 11 nd® it e S SRRt SASRh R b7 St ekitmlle &n6 Ter BimeSAf s 5. |
serjses mﬁs&at%qgg(a@ﬁsnaﬁmaﬁidfa%ddr&nbé&iﬁ;eﬂtsvaftﬁaP&—es@mrmgﬁtﬂﬂayoﬂ& the cells
fol'l owing.;6 days culture on collagen- note the large, flat fi bér . - bearing

cells (@ﬂr@e\gn)esented in the cause of providing what is believed to be the most useful and

readily: understood - description -of .the principles and. conceptual aspects. of thé_

invention. In this regard, no. attempt is. made to show structural details of the

-invention in more detail than is necessary fora fundamental understanding:ofthe -
20  invention, the description. taken with the -drawings making apparent to those skilled

in the art how the several forms of the inverition may be embodied in practice. - -

- In the drawings. .. - . .

- FIGs. IA-H provuie -an outline for, and micrographs demonstratmg the

~ culture-based -selection. for human ES cell-derived vasculogenic progenitor cells:
25 Figure 1A illustrates the ontline of the differentiation—selection procedure.. Figure lB
is a. series .of micrographs dcﬁlohstraﬁng. the divergent morphology of the cells
following .6 days culture on collagen: note the large, flat fiber-bearing cells j(ar[ov&fs)_j

. and the smaller, flattened ;:ells‘ with large nuclei (arrowheads). Figure 1C is a senes

of graphs demonstrating a FACS analysis of endothelial cell surface markers-in the-

30  filtered, 1solated vasculogenic progenifors cells. Filtered cells were Lexpose_d to
primary antibodies to VE-cadhedrin (VE-cad), VEGFR2 (VEGFR?2), -and ‘to
fluorescent labeled anti-IgG, or to the second antib.ody alone (Ig.G_-FITC). Notc_‘tht:

v -




“.and the smaller, flattened cells with | arge nucl ei- (arrowheads) Fi gure 1C
1s.:a series of graphs denmpnstrating a FACS analysis of 13@5&1&@32@(@ cel l

‘surfacmydgegg in the 30 filtered, isolated vascul ogeni Cr R RasRi tors

cells. . Filtered cells were exposed to primary antibodies 1o
VE- cadhedrin (VE-cad), VEGFR2 (Vh.GFR2),.and to fluorescent |abeled

~anti-18G or to the second anti bodyl3al one (IgG FI TC). Note the 16 Cctober
+ 2006 V\!ngEDTQBTF’Q% of pally (1308 ©qB2eing3VEadgh ﬁ:nglupbﬂDl-E rare phatefraphy 78%

expressj,n ad Fl s | D=E a hot hs pnstrating the indirect
i munonSYpHs ?%g'lel ‘:35“?’““8?“ @%@gﬁ%‘s‘% |°6 shad FXRTESIOBLN | ol at ed

lated 12 h our cultures o e filtered cells denpnstrat

Ny

vascul ogRake, m@@@%gcewgeﬁelplr enligReRRd. |ﬁﬁﬁ&§ﬁ%}e§&§it'§{aﬂgngf)gfg#ﬁg and p

| ocal i zand phatedof2 IBOWEld@JdES Qa&th@efiiter@detetllsatﬁmmatejsunngllom,zatwmobl e .at

el S aeNna af PO s bt HHE Al bisher Pabrisato o ELtB.rcSta' et

mar ker SFiglird B ik SObKS g fed! | hs 5S¢ on of the“
o ayelrd BF s SOpRiGe ﬁ%ﬁ%‘???&ﬁ%%ﬁged%ﬁ@%%&nﬁ% early

~vascul ogiethelipl anddertatoponatickearkemds theosplated dasouldgehi prﬂgﬁh:lforsxfalltsh e. to .

Iler, flat f |5 (Fi d d the; undiff d h
aror yorPEPrERian of € ERhayRa it cadpieh %ke%”w@“ﬁ%@éﬁ@ﬁ%%ﬁb& cPD

serves f5 ity DiIRinic SHORARLH Pl AN LRI MRLCRIE sBEPRICN

endot hel i al, ‘'snooth nuscl e and henatop0|et|c I'C expre55|on of

t hel OCDSSmalIBr,e@at filtateld ceitel (lﬁmmai) amiethi endiffefenguted hinf@niesntaydricisemsce nt

“.om crogr of ..t he t cIIsret ined by 15 filtration,
dermngt&'ggp ﬁ@“%%Rﬂggqé%L% PG ST eéﬁ‘%ﬁéﬁo?eib@ agbitferhdscl e cel |

mar ker Qs SRl | _ a eni tor
cells. Fi gurg?tfﬁ%?gﬁ%ﬁotrg(gtﬁgg%% 3 tf e?%ig@xﬁh% §ﬁ-1 saggrpr‘rxgﬁlgfirn%?l ng the

expr esshmatqioxetep(ESIé}-smdlfmaex;ﬁegxdnnof hﬁe i} gt €62, Margend r@a®ianed cel | s.
Expressi on of the ponin, Cal desnon, smooth in uscle actin SMA) and S
M MHC P %6?53 K%t&%' ? yorescory mlafpa!apmﬂw byigarnBat epllgaptainefldy 1 et ai ned

(R T SRR S om0 U BB e A ARG SRR "o an

panel ),

i Nt er nadarktn odamnad noif dampﬂedfmcmtalsixﬁhllef\ldh&ndzhea@:hﬁfg@ﬁl@ ﬁbgelﬁmrceﬁw on of all
of the snDoth nmuscl e cell markers in the human vascul ogeni c progenitor
cel I s, Egere hids phesngraehef SiBr stairedngsln demenmttiaignbe oprdssionRifgure 11 is

22 AP aRrsTh e 10RO, RREA el RO BHIRILLEr ol L] (11t
Caldesmon, smooth m uscle actin (SMA) and SM-MHC markers w as’ compared in ‘
20  total RNA from the larger, flat retained cells (Retained), and the smaller, hugfian
vasculogenic. progenitor (Filtrated) cells by RT-PCR. The housekeeping marker 7
GAPDH serves as an internal standard- of - amplification. - 'Note - thé- absence -of
. expression of all-of the smooth muscle cell markers: in the human - vasculogenic . -
-progenitor cells, and their prominent expression in the Retained cells: -Figure 11isa
25 .micrograph of .iBrdU._incorporainH in-both smaller, filtered (léft panel), and .1érg¢'r,
retained cells (right panel), demonstrating active proliferation of the smaller, hiuman
‘vasculogenic piogenitor cells.. Note the active uptake of BrdU in the smalier,
darkened cell nuclei, contrasted with the minimal incorporation in the larger, non-
proliferating retained cells (arrow). Bar equals 100um. '
3¢ - FIGs. 2A-M are microscopic, imminofluorescence and RT-PCR studies of . =~
cultured " common human vasculogenic progenitor cells, d‘emoris_ﬁ'ating specific

growth. - factor-mediated induction of endothelial. or smooth muscle cell

-




retained cells (right panel), dempnstrating active proliferation of. the ~
smal l er, human vascul ogenic progenitor cells.. Note theléaetdbee20(s ake of
BrdU i wwobsossessl |.er, darkened .cell nuclei, contrastedpyirtbesdeszs m ni nal
~incorporation in the larger, non- proliferating retained cells (arrow). Bar. -
_ equal s 100m 30 FIGs. 2A— M are m cr copi ¢, i munofl uorescence and RT=PCR
~ studies cul t ur n hu nic. pro enitor cells,

‘denonst r%ﬁr ﬁﬁngbcé;cﬁ‘?. SREP. Ot‘?%ﬂf ?}% g% Ramergingehgot hel i al
Of STOOLpFBIGER Cof ool RId Yeil2RBerY GO RO GuRH WK1 BR0 14
.characterlstlcs F igure 2A 1 s a photograph o f EtBr stalne gel's :
denonst rraegangor trdls reqpugsorotypo iV s:nhmdn aﬂrﬂsﬁcKéO‘c@llklcnﬁrt&er(B—lmd@@ mpn hunan.

i ol o o BeBAIBhAYSE 0 gnd 0B Syt e B 'é&%'d' ki, e

M nneapatypgessivh! ofuﬁé) Sl?é)mﬁés %Wk%g%a‘iﬁ&ﬁio?. : dﬁ@' | acHRr kers

Cal desnon, snpoth nuscle actin I poni n -mar ker s,
was conSMeAD, Calpohit; Mﬂ%df&ﬂd@ﬂﬂlma@rem/m chmpired ni tcﬂﬂtIadACﬁ&IhS (v-SMD).,

and the ntreated human vas g ni rogeni tor (ESH progenitor) cells by
RT- PCR: . en%“ g@%éﬁﬁaﬁg & M@&DFP‘? dbf \pdreatgd hymay wesdrlogenist andard of

~anmplifi %“EE’Z e | oot h .
_muscl e gfz'{) nggrfgplEr -1 %E@.ﬁb?iﬁ'lei‘ék andfp? I%Ek&h #nen e%[?)ﬂriesm on in
t he .- hPIB@ireBBz & madraal stakdsl of abipificator? BNEeahe aant o0t epagsian s anf ,

I nmunof | orescent detection of snmooth nuscle, cell nmarkers expressed.:

: t he 1Rurg the3mgath seusgle sellapargess apthe. E S csHs (aqdplm;Fprcmn@mt@ap@@sm man
vaseul 09&‘“ - HPTRGERH. O eab&ae'éeﬁs F'ﬁ%ﬂre%g%%a%ké’g@}é"f g2 O g”f}""ef

stained with prinmary an odies to: i

( Fi gur e id@unoffhbrbtdent Fitention of Bnoo@ndiord. mmn@rkefﬁ:@wsge(ﬁﬁ)me hignodet ect ed
with fl uorescent second anti bodi es and visualized via fluorescent -

m cr osc GfelehdsIwed gaowthafagion (hRIPGELBB- té?ﬁtwéumgm letm@nnchreg@h@ped cel |

;the zm l:?lo%?%ég‘g%%‘““og%fﬁe‘}‘%@ect‘?’% afnegis Irl’ i esa’%ztgoglﬁﬁ?k%‘r s.
expnessﬂMAr(ngtﬁaaB\)aﬁﬁutbtﬁ@ﬁﬂ(ﬁg&@ m)ommm gk L oHk tedsshipn type IV

collagen at 5.X104 cells/cn2 .for 10 -12 days  wth 50:ng/'m bVEGF, 65
(R and( SWSQFQnﬂTumﬁ@detMt%‘éﬁbé]upsescm seeIBA) ant@m fand fv&aalcﬁedtmeat ed.

ceIIs MUREH de ect ed described her ej nabov '
anti - VEC a§ eﬁﬁtfhgﬁ‘g%r%s‘?ﬁf o g‘ﬁt Bt Of-l\s?tlheelg? B ?/&EPE&F&I’ e 2G)
ant i boditg®s in the ,gr_owth_ fact_or-treated cultures. Figures ,-ZFTH are photomicrographs

showing the detection of endothelial cell markers expressed in human vasculogenic
20 - progenitor cells recultured on: type IV collagen at 2‘.5:,'X‘_104 eellslémz.for_ 1012 days ©
with 50-ng/ml hVEGF:és (R and D Systems, Inc. Minneapolis, MN, USA). Growth
factor-treated .cells were: fixed and-immune.-de_téct'ed -as descnbed hereinabcv.e'r w1th |
- anti-VEcad (Figure. 2F), or anti-von Willebrand Factor (vWF)(Figure 26) antib'ddies; '
‘Note the localization of anti vWF staining in the Weibel-Palade bodies (Figure 2G).
25 Uptake of Dill-labeled ac-LDL (10 pg/ml, 4 hours, 37 *C)(FIG. 2h) was also.detected
(Figure 2H). Figures 2I and 2J are micrographs of BrdU incorporation im both
platelet derived. (PDGF) (Figure 2J) and, vascular éndothelium'.(_VEGF) (Figure 21) 8

growth factor-treated: human vasculogenic . progenitor cells, demonstrating active

proliferation (staining) of the endothelial-type -%cél.]‘s-. Note the appearance of stress
30 - fibers (Figure 2}, arrow), and the active uptake of BrdU in the darkened cell nucler of-

the VEGEvtrzeat_c;d cells (Figure 2J), contrasted with the reduced incorporation of the -

larger hPDGF-BB treated cells (Figure 23). . Eigures 2K-2M. are lzxfzicrqgraphsf of

-




Note the |ocalization of anti VW staining i n the Wi bel - Pal ade bodi es
(Figure 2G .. 25 Uptake,of ‘Dill-labeled ac-LDL (10 g/ nl; 18 Ceoibes20067

- O) (FI Godhhsmas al so. detected (Figure 2H). Figures Zé’&%"é&?%) B

m-crographs of. BrdU incorporation .in both platelet derive

"(Figure 2J) and, vascul ar endot helium (VEGF) (Figure 21) grow h.

factor-treated human vascul ogenic, Bfogenitor cells, denpbnstrating active
prol i f dIERARANtCcalamigsdprmd frome hapwsvastulegenicypegander balls. MtHcdllse

- appear apge Hof; r IJibers (Fliagure 21, arrow .. and the.active: uptake,-
~ of BrdUin t iﬁgég’aarﬁﬁicrlug%%lel_?l% %ed]é cél?&g%e d‘%“%é“@é@‘gﬁt?%&fg’u% P 1PFi gure 21),
- cont r agirentotw themtopoicaid UdiEfrenfig@em O Mokt® Nthe OdhakRrishiar g@%&{&ﬁwdﬁB treated
i

cells (Figure 2J)... Figures 2K 2M_are micrographs of ct.ober 2006 WO
03/ 087Z@@W}%@Bﬁ%i&@%deﬁﬁ@mﬂﬁw?efia'ya insgbatitnes f or ned ‘f rom human ‘
vasgul ogeni ogeni & ar | l.s. ES |1 s sel ected, and cyltured in a
semgsol id mﬂ%‘#@ﬁ%%&é’&éﬁ’#@%‘oﬁﬂﬂ%ﬁ%ﬁﬁggbﬁo“nﬁﬁﬁ%ﬁmﬂe‘ﬂﬁé‘?ﬁ? Soi etic o
di f f er ¢Figudsi IG) Disdveing RescaRsaGtard Bihsi APROAGRHICHRE- ég%%%' etic -
col onies (CFU) _ detected after 12 days incubation. 5 FIGS. 3A-G are .
phot oniv@soHesspirregngar €D aelly. Agsiegptes @dthours inidiffagutiniva m¢drirgur es 3E- O

" ascul SUEARRUAGE AhT SRAnEy BOREL 8 I ORbRGHIS hsH b seeded ™"
di f f er @mté afpednconagini(Figte BR) TERtAspEL (F gﬁa%ﬁdeméﬁgﬂt P vafsdiOng/ m

hPLG--BB), ESH cel I's seeded onto type | collagen (Figure 3A) or in matrigel:
( Filgur dormagiongafierndt days egrowtts (ot sp@utiog nandi orbulaxf starcturés daylothr owt-h ( Not e.

Iy I . in both " I ' . | ui di
P R B o B LB B RheNet o T°

penet r ahiiehela cteflopeigichtRn Sid ForvdsioH! AT a VALNRIKGetw k! M€ Lnpkhe o
matrigel" (Fi ureogé%, rand, with higher magnifi gg?%h%é%il?gpgbl ood- cel |
f or med makigali trigury 363 ednd( avithohighBi enageif@Bion, Barwlsigublosd 1607 fapmed Fi ‘gur es

3A-C ...2007? ' Fi . Fi E-G | ect i hs. of
B R R TENG R BT Al LN e
(Fiigur eriglre 300, FDHSB810 dis Gl .b‘[%gﬁ,lﬁgﬁg | gss&%%xﬂatimﬁ%%ﬁt%%eg:

endot hel ifal cells” Figure 3F clearly rates the presenc a darkl y
st ai ni akowagevdioforand Y el Prlade dodies @FiguleBB), X600thaagsifitatoninsat, vessel

e TR
glngg P?’ %aiai;lggs?ﬁl% ‘:(e('&ln% ggﬁ@kﬁ%} Biodat 8. AR ho8le EdMker SPQR%'s&ﬁ ng a
~ formed by eclongated endothelial cells (EC) .within the" matrigel (M) ¢X5,600 *

20 mggniﬁcation).: Figure 3G demonstrates typical arrangement of endothelial cells (IN-
nucleus) within the matrigel (M), -containing. 2. clearly discernible lumen (Lu),
charactersstic lipoprotein capsules (L), Weibel-Palade bod‘i'eéf(WP)_‘axid‘:glyéog‘en ﬁ(G). '
(Figure 3G, X5,000 magnification). - 2

FIGs. 4A-B are ph_otomicfographs of histolo gy sections depicting’ the‘iﬁ vitro

- 25, vasculanization of 3-D alginate -scaffoldslby human -;zascﬁlogeniﬁ.progenitor.:(ESH)'

-cells. . ESH aggregates were seeded on 1£120 50ul alginate scaffolds in vitro-in-
differentiation medium supplemented with 50ng/ml hVEGF 45 and:10ng/ml hPDGE-

BB, and incubated for 14 days. Figure 4A shoﬁrs vessel formation around two

representative scaffold pores. Higher magnification (Figure 4B) ‘revea-ls typical

30 vascular wall structure of elongated flat endothelial cells with' an ‘adjacent Jayer of

"smooth inusc]e cells. Bar equals 100pm, - o : R




“characteristic |i poprot ein capsules (Li), Wibel-Pal ade bodies (W) and
gl ycogen (G (Figure 3G X5, 000 magnlflcati on). FI GS. . 4A6Bcasber 2006

phot onwey @@sapbs of histol ogy sections depicting the inpgihi@oosz
vascul ari zati on. of 37D al ginate scaffolds by human vaseul ogeni e

progenitor: (ESH) .cells. . ESH. aggrggat es were seeded on 11120 50l

al gi nate sca | gs, LN vitro erentiation medi um suppl enented wt h
50ng/ m hVEGEg(g%%SQT re @fﬁﬁ?ﬁ‘esﬁﬁ[%@tmﬁsm [dAReBHtasiag ke sepaitukys. Figure
- 4A showef Esmnvtearmdmm@ﬁ@wﬁmm&wo 5:?%% %a%he%é% iRk Por ©s-

Hi gher magnification (Figure. revea T war _
st r uct usesded on mmtgg&laddﬁm(albateddmtﬁdhysah d@ﬁéfcﬁummhnaam@nv%qaﬂ&nth@yer of

: h 16 _Cctob 2006 03/ 087296
bt 1L ob BorB ik hVEes SAlD OReknk REDGERESION (HESSAY oonibise
derrcsns_tmmaggﬁw.égﬁn%gj ge&&ls ifflibteng A8y Y. d&aﬁgggafd gﬁggq@??,tﬂgﬁ Lgplegl tors,

of. angl ogenesl s ates were® see

7 days Bwﬁdmﬁmmmwmj u‘eanacmal@neus ¢ BEYORG e 1'3ME§F165 and
-IOng/m‘FFQEE)GF BB al one (Figure 5 gor With t addition of 50 g(
angi oge RreuerlieRs Myl ahsencevef whe aném@wkaﬂtwahwsbmdye (auhdﬂ?&cacBV6

CHEM Cq}laelw&hm{é%sgu gﬁfuégfeﬁ@%’ USA) (Figure 5B). Not 6t he | ack ' of

~.cellular projec M8t tube and network structures in the
anti VE-cad FIGe@el iaustie alikk sE cRBhmER of vatdil pi ggﬁtor c?ﬁ& F
illustrate culture based enrichnent of vascul ar progen‘tl’ I'Ts” .10
deriWeddernvgﬁnﬁmshE&cpEs Bigyuerte 6presents mseuﬂme afittewnkichtemiprédeguienr i chment -
proced 6B i g5-an inverted |i rosco i.mage of 6' day ol g,
TI ES céﬁeﬁ"’é”g@ dja dave Ve et BHCREoPY jmag quf veél-agm@tegmm -
undi { f efuamited A @lbén (kAL RRR ﬂiﬁﬁﬁfeﬁﬁﬁte&% S ofls @bl ey ated
cells. Figure 6Cis an-inverted ht m croscopy I nag
si ngl e-awl differenptpes of diffdrentiatsl aelllhu&gna:td(hgs anvvinvestd: hgumﬁ;msbb@ f I at 15

If's with f d spaller flat cell th |
macl oi sk 8 oy 51§ SRR e s v Gt Whiwrfing el omerhg ok VE-cad,
CD3% ar&llyﬁﬁﬁﬁﬁbeﬂr%{g%neﬁﬁj %n!i ’%ﬂiah hat fﬂ ! Gaaneeyanal ysis

Showi ng expressi on of sur reV| ou 1g9rreported
for hurtdd isya BNCS ptawmwifﬁmsi)luated @nsrmmi.camm antvEGRRR. Fate  Fi gure 6F
ation of the smaller and 20 | arger progenitors

dermnst tes cec{ 8ro| | f?e)t:i
via_ (| 2 IOSCHEPPHRN B FSSERGANaBisisstiow g expressitmadf: (Privgetatet or
surface CD34. (as previously reported for human v-SMCs progeiiitors), (if) nuclei

-Gata2 and-(iit} Tall.-Figure ‘6F demonstrates: cell proliferation of the smaller and
20 larger-progenitors via: {i and ii) BrdU incorporation (present in thé. sm,all progenifor

cé-l-’ls and-not the larger cells (arrow) and-(iii) nu'cléi'c' Ki67 ‘expression which is -

=

present .in 6642, % of the filtrated cells. Nucléi stained with Dap1 (1 1000) Bar -
100um, R ‘
FIGs. 7A-D illustrate lineage -differentiation i m progemtor cells. Flgure 7A - _

25 filtrate cells recultured with 50 ng/mi hVEGF165 for 10:12 days were exammed for
Dil-Ac-LDL incorporation. {cells in- ‘bright light’ on the left‘and in fluorescenée -
illumination-on the right). Figure 7B. - individual segreégated cellé were exarined for:
(1) Dil-Ac-LDL, metabolism (i) perinuctear vWF, (iii) both (i) and (i1). Figure 7C -
filtrate cells -recultured :with 10ng/m! hPDGF-BB for 10-12"'days -exhibited 'uﬁ-

- 30 regulation of SMA expression in spindle-like shape celis. Figure 7D - RT—PCR‘ .

analysis revealed an up~régu_lati0n in -addiﬁonal v-SMC marlcers..Nﬂclei stained with -

Dapi (1:1000). Bar -100um




cells and not the larger ceI S (arrow) and (iii) nucleic Ki67 expressi on
which is present in 662: %of the filtrated cells: Nucl eil6 Icabbeedogd t h Dapl
(1: 10GRp-o3B8F06t- 100m FIGs. 7A-Dillustrate |ineage I‘Eféﬁ,ﬁ&ﬁ%& ati on | n'
progenitor cells. Figure 7A - 25 filtrate cells recultur ng _
hVEGFI 65 for 10-12 days were examined for Dil-Ac-LDL incorporation: (cel |'s
i n bright li on the left and i A7fl uorescence - illumi nation on the :
right). Fi gtﬁg@S?QAlBlil nidfustrade alorak garelyatse df A8E-cadweeks. eRignien8d(fhor. (i)

O O A B ok B L) T O

exhi bi dedinup c3P sh |%ie08b§éfve§’\/‘ﬁneé’rﬁoﬁ§eﬁhp%ﬂ nuéwnath%rdrgykgg: d@l}@pe cell's.

Figure 7D - RT-P anal ysi s reveal ed an up-regul ati I onal v- SIVC :
mar ker $AGRcang; spindlpdike mmhobm}ﬁamé\&s)lmsﬁ)lblumv—smq&gure SA(m)]- ---- - 16
Cct pber, WD.034,087296 P LQ3/003 F Al -Biil | ustrate
cl o%al S quygﬁlaé)egf RS e(‘:{gEYlé &g @)@A a!'ﬂ‘ﬂ“ﬂk&‘&'fféss%ﬂi pical
8- day- Fighre SBPHY ARG A&-Q,Mamﬁﬂaﬂgﬁﬁn YECS L:me%_ wifll ?E GRct cell
shapes were observed: an, endothelial cell ogy rgure 8A(ii )]

and spMNvglestairicd with Phyil Bg;y— {08pmows) - resenbl i ng V- SIVC [Figure 8A(iii)]. 5

- Spi ndl e shaped cells expressed SVMA [ Figure 8B(i))-and:veal poriin [Figure,
8B(ii)j. Figure 8B(iii) |IIustrates Ac-LDL net abol i smin- col-ony

suppl ey ESPMON MESE : Y -papi . Bar- 100pm DESCRI PTI oN .
OF THE PREFERRED ENBUO invention is of novel net hods

whilgh can b@hem@dntfmvemldmphef Aokl mefmdse«nmbhempbenﬁd%t Sitnpdé a@scul ogeni c..
progenitor cell's,. and cell cultures and conpositions thereof prepared

from fWP@?é%P@P%%nO%FW@g?Qlﬁ PIOgRIston . ‘é?éllsvl gad: queCl{lﬁué@emd i nvention |
b | t |1
and { ocoinpoind (hefoPl e 25 A9 WhalioBl IRRMN' Pl Bt SoAGRASL ol ogent ¢

and for vitro gro Terent i o Jeul ogenic 15

pr ogentiteopresené i heention cdf e used forf Rblatha MRbElodenfeSHR st ROAE Fdth '
angi ogenesuilﬁr esearch,. therapeutic and diagnostic applications. The

pr i nci BB Celiganth i Yo arowheand diBrantiation af fisnisotf vecteswer
Unger sp it bk P SN £he i MO TR A0S S AEBIMANT.S5RG! P Ons.

therapeutic and diagnostic applications.

The principles and operation - of the 'preseént invention' may. be better
understood-with reference to the drawings an& accompanying descriptions. ‘Before
explaining at least one embodiment of the invention in detail, it is to ljc'under_stéod
20 . ‘that the.invention is not limited in its apphcation-to the.details of construction and the
-arrangement of the components set forth in the followin g description or illustrated in
- ‘the drawings. The invention is capable of other embodiments or of being practiced

or carried out in various-ways. Also, it'is to-be understood that the phraseology and
tcnninolog_y employed herein is for the purpose of description ‘and.-should- not be

25 regarded as limiting, ' | :
Recent research studies have illustrated that embfyoﬁic cells can p‘oten-ti.‘ziliy

.serves as a source for pluripotent cells. Such cells aré useful in human therapy since
they posses the capacity to differentiate into a plurality of cell types (R. A.-Pédersen,

Sci. Am. 1999; 280:68). Early work on embryenic stem cells was done using inbred

30  mouse strains as a model. Compared with mouse ES celis,. monkey and human
pluripotent c ells have proven to be much more f ragi]e, and'donetrespond to the

same culture conditions and manipulations.




explaining at |east one embodi ment of the invention in detail; it is to be"

~understood 20 'that the invention is not. limtedinits 1@]&&@_&@'20@3\ to the
det ai | wobs/mepst ructi on and the arrangenment of the compeAgmbsoeses forth in-
the. follow ng, description or illustrated in the draw ngs. The, invention.

is capabl e of other enbodi nents or of being practiced or carried out in
various ways. Also, it is to be unddfstood that the phraseol ogy and
terminol ogy &fpttilyeduman embryogic gem: geds falipond psrmdingdhERD icefis have _
andt sho - e oI I lign .t ikng.. . Recent .resgarch.studi es have '
il lust rﬁ‘]'fég‘dﬂ?%%é@ aél#b%rﬁ?éﬁ?r%dqggfl 'sr'e(':a}%'lr(]’t%cl)cl)_]t{l i 'iﬁaﬁom%gés‘gggﬁgﬁac@ Surce for
pl uri poh&vd the ¢ gSsouliCthabRtdriBtiay 6f MaRdrUblutifotButsetn EAG, Bidy a8 &pablet hey . :
_posses the:capacity_ to differentiate into. a plurality of cell types (R A
Peder seff ongeing mqliferation ipgwitesywittpat |diffopspiating, dhey yiewin: aswermmalel | s was

‘done; us{ng jnhr use stral.ns, as.a I l, mpar £d ,wi. t h pouse ES = .
col 1%, kbR At FRR Tr bR o BRI ff el b RS "o
fragi | eHowrded égoﬂahediﬁsmﬁbﬂict iffddentiafidATLICHES Ui BRGA L0 R cffike

mani pul ati ons 16 Cctober 2006 WO 03/087296 PCT/HO3/00320 t8 Recently,
huran epmsicpedsi avithoatn any| FensisheEs) pattrin gel wirenel (tES)izatidn, sgénmatingbeen

| sol ated_and Intained i | ture. Both h ryoni c hES and hEG cel |l's
have t nERe R DB pRefit praffuR ity 4 iy PERRBRET BRI AS 5, ¢ hey
Lare capphediyges, RpERLNEN ok dlfeicfit Wil ikeatd (R it @kl at | no,
‘they retain a normal' 5 karyotype, and they retain the capacity to
di f feer eMal Biatedha2QMp@uldé4nl I adul t cel | «types.. - .Howevet,  spontaneous: .
somatic differentiation of hES and hEG : cell g i.n.cul ture. proceeds w thouy
any consi st éﬁpof)ﬁlfttshiﬂhes S u‘@ﬂ??’él‘"@?‘@ﬁﬁf‘%@? G 1s fien 8?1”% enttor . i
mul ti cebdii GitspaQaE eaRlype 1Rkades HonPERYLAS, HBRIvA Sldhandthodl e Rpi&iiggeneous

m xture of phenotypes,. repreesenting a spectrumof different. cefl |ineages
( Reubi neftiemdl, comtplen and ostat BntialghBO0dn keabijiul stelr icolls ard eitheandi es -
describe various nethods suitable for isolation of progenitqr ., _.cells of
speci f i 0% PP £ PR R FBhﬁ@@r&% r eﬁm]@epjsr{?@g&%tzﬁggégar e

typigal Ly L) ¥ af >0k b Mive HALL <A {o¥ato it T80 7 E00F XO0Ri ¢ stem
T 8 TR R ane S o TP on FILL XY T
exanpl eal. UcBencPal 998028261 128617) 1@ agfrepared HauvfuspensioR Bitand phfledlalar J A).,; in
a live host as a teratoma (Thopson J éaet al . Science, 1998; 282: 1145-47) or
aggr egatERFTT K08 AS s embpigid, body (FPY feesy ifen @rample, International Pai. ~ "

Application No.- WO0070021 A3 to Itskovitz-Eldor J and Benvenisty N; and
Intﬁmational’-}’at. Application WO0210347 A2 to Benvenmisty N),.and exposed to
20 differentiation . factors, typically: producing -a mixed population. of cell types -and

lineages. Isolatien of progenitor cells of speciﬁc lineages-is then accomplished:on

the basisof immunodetection of Iineage—speciﬁc markers, and separation of (_:_ellf
lineages by fluorescent or-magnetic sorting (see, for example, International Pat.’ i
-'Applicaﬁon' No. WO0181549 A3 to Rambhatla L. and Carpenter, MK; U.S. Pat No.

25 6,280,718 to Kaufman, D S and Thomson, J A; _h)fernational Pat. .Apblication,' No
W00129206 A1 to Cibelli; J et. al;.and Intemaﬁonal.;Pat... “Application No. WO |
0168815 Al to Pera, MF and Ben-Hur T). All of the abovementioned methods suffer |
from- similar disadvantages:. initial ES differentiation into progenitor cells involvés
‘many complex manipulations and interactions with the stromal cell. layer, live hast

30 tissues or other EB cells. Furthermore, sclection accerding:to expression:or ‘displayl R

of cell surface m arkers is inefficient, requiring even more -extensive manipuiation, -




structure known as the enbryor d. body (EB). (see for exarrpl e;

I nternational Pat. Application No. WO0070021 A3 to | tsk(bm(jtczobEfM J and _
Benvenwetopiobizand | nternational' Pat. Application W0218GHTLOAR03200 -
Benveni sty N), .and exposed to 20 differentiation fact ors, typically. _
produci ng a m xed popul ation of cel] types and | i neages.: I|solation of

B i TR e W e iR CC%”%@EafﬁﬁrrﬁﬁﬁféPecgff's '

| i neage see for exanple, -
I nter sauBbeleht B e Bl e o Ranb ot Ta L and

‘Car pent er, MKs ubkdShereht. (e the2rbs Z80ipBEst™t ¢pRaipoteat’, ami Sn‘exhdmﬁm’nson J '..Aj

I'nternational Pat Appl.i cat j on_ No. 0129206 Al and
_I nt er nafei @rfalcellba’t‘av%ﬁ?qfﬁaé{qg&?gﬁﬁs 0}5@ %‘i Al NFSttcbtyPiP{&mef C Ben I Jur
Do A Lafl chfifieANGY QBRIRD TN AR fsebr f:ézﬁﬁi\e@ Bk iscfl S(ergvant ages:

K ntT At TTORe | Bt progenitor cel'ls involves  'rmany conpl ex
nani pul Blabt@m&rea))q)lmﬁ]imraccbliﬁnqaah/lddif dxlﬂ'erestnabngtlmtoeﬂll cell types (e.g.iK® host 30

ti ssues or otherEB cells. Furt her I On accor. O expression or-

di spl aycells) aad| pulfipotest cells at‘rwﬁeah ¢ §f i ‘ﬁgﬂﬁni‘?'é% m“Pea%tSr gﬂjl’%‘\}é‘g nor e i
t WO 03/087296 PCTI | LO3/ 00320 20

ex e”?';tj‘lﬁo Or%ea%'v%ﬁcm&%%ﬁ;@ﬁ}&g&&t ?géeiﬁ)

capaci t, of progeny, although individual .
cells that ape usedl hiéehy eme tennac témigthelial progpaitot qrellC ebit s‘cmhdimlpr esent As -
used herein the, the terns "totipotent pl ur pot ent nd_"mul tjpotent’

ref & tpresusoeceHzvelar taacgelbaticgn Wew&rr@d‘@@eﬂﬁ}jﬁ‘éﬁﬁa TBFS&&** ity.

Toti potent .cells a es or
ool ot B oE Bt Bt B SRBANLE o RN ARIRA bt nfL cKPES

differenti at AgGistdhéren], the & “chiipsdial proggnitdrScell’adr ‘Scpitheiéhl puicuisoot ent cel l's -
are capabl e of di fferentiati- ng Into cells of specrfrc | neages only (e.g.

vascul ogelliirefepy togensllithat cew gengrate pstyye sgopdrmapsele ¢l t er m " endot hel i al

. progenitor cell hel i,al . L" I cell that

can gener at eiﬁdtsﬁ‘?ée‘?ﬁdgﬂ%i rfnalh% altqlpgl&fhéerg%érﬁ{qr g’ R ‘EEE' E%E{)/%tﬁgt have the.
capagi t YrdchrsGERAr 3¢ erst6 TREN Akt 84 LenofatSHRMIEbIBOYTels. cel I s As used herein,
the term"epithelial progenitor cell"” or " sr t heI [ aI recursor  _cell"

refers to a Embwmstcnmellg@n@dmceb%@%r@ds n @gupstantied used '
herein, the t m "he | et L c. progenitor -0
pr ecur s8PTHOR|q St‘?néfcg (g éﬁq"g{l %t 1:‘35% B ﬁié"rlg eJISFPa%ﬁ"r e. %Fgcgg%#lcel | s.

-characteristics - of undifferentiated cells, clearly -distinguishing them. from

i

-differentiated cefls.of embryonic or adult origin. Undifferentiated ES cells are easily
20 recognized by those skilled in the art, and typically appear in a microscopic view.as

cells with high' nuclear/cytoplasm ratios and prominent  nucleoli. - Simi_larly;

_ undifferentiated. celis.can be distinguished from differentiated cells by the absence of

o lineage- specific markers :such as vascular endothelial growth factor -re"i:ept'orf 2
_ (VEGFRZ), vascular -endothelial cadherin (VE-cad) -or :platelet-endothelial cell
25 -adhesionmolecule-1 (PECAM-1). ' -
| As- used herein, the term “differentiated cell” refers to a cell that: has
- progressed down a developmental pathway. Thus; pluripotent embryomec stem cells
can differentiate to lineage-restricted precurser 'eel-ls; such as meural pregenitor,
‘hepatocyte progenitor -or hematopoietic cells, which are pluripotent for neural cells,

30 hepatocytes and blood cell types, respectively; and the enddthelia!,- smooth muscle -
- and blood cell types listed above. . These in turn may be differentjated further _,in‘to

other types of precursors further down the p_athways, orto an end—stege differentiated

-




Enbryonic stemcells are described as “undifferentiated" when a :
- .substantial portion of stemcells and their derivati ve36|0ctcliH¢e2m)&oul ati on
di spl ayomemphwbogi cal characteristics of undifferenti ag@gyGslobsn Clearly -
di stinguishing themfrom differentiated cells of enbryonic or adult :
orilgin. Undifferentiated ES cells are easily 20 recogni zed by t hose skilled
in the art, and typically appear m® nicroscopic. view as cells with hi gh
nucl ear‘PE‘VFBEI%%%e?(HWSQ oamgmt@ﬁn@élmemm eqwpinent, agil mndangeying the
undi f f ngui shed fromdifferentiated cells by
the absdany fadfy of cehoBRic: Byl

‘markers .. such as vascular endot hel i al
growth fact owhileceqiciig ale(pfegeﬁfeavcnmswbaarcnwmﬁ}@&en@hn&m@ Bé\ﬂ: ( VE- cad)
- or . —pI atel et-endot hel'ial cell 25 adhesion nolecule-l1 (PECAM1). used
her ei n,WncAeredr that qyaseelogenis aprogenitar| 'Celllf’ef@lﬁ)é bo preputd smmlly hmd

progre h | uri potent enbryonic stem
cel Igs %ﬁéﬂ;egﬂ\%\g SPE:‘I 5{'@[%%%3??{8 g é’slffFY%{‘élé g “&‘é’ﬁpg O%uch as. .
neur al tPpOFUNLdlizen WAGPIpEGiHE LnRbMERA ifferhiaRONBLQNR! Slid ﬁ};,,k . which ar e_-
pl unpotent. for neural cells, 30 hepatocytes and bl ood cel typ S, -

respec tﬁlmﬂley andy sfhiqiens sirel stleetiom metlndsot ﬂ”hmd:léogeamd pbcbgnmﬂoxc etlls t ypes
listed fferentlat further 0o, other types

- of pre(,pursors %’rﬁ‘?h"e‘“e&‘%\kﬂ"?ﬁ‘f p%{f’h’\%a% St ’B t ey EEP“a % $erent i at ed:
16 COct.alpind®@0B cM@ir€)3¢H888 IhdRed/ th PhiflRR82R 131190 ch@sHEd] ”ngil expense

for reagents and detection equi pnent, and endangering t vitality and .
st dpi | ihenagpoidtic tgﬂﬁb@emmm, foun| tmth Malleandeucgn M@Cﬁ]ﬁe smﬁsmatwhdnvent ion to

y practic resent tors h vered vascul ogeni c progenitor

7 cel'ls r*?g‘f/éeg '12??86%??8 ﬁ%f";? %i’ﬁﬁ C§cﬁ’ 18% ‘i?’%ﬁﬂi“éﬁﬁﬁ%ﬂﬁiﬁ&' stemcells
by prem&ida?r@aﬁﬁggﬁégn@awﬁi&&wafd&qm%s%ype IV CO' lagen with specific
endothelial differentiation factors and enpl oying sinple and efficient :
si ze sel ect ildnsneecosting tdwac eapetlof gen presprtaigeaitionr therd lspropidedar ed by t he
pr esent tﬁ‘ﬁ tl on _are adv Lgnta eous i.n thﬂ ihey can be further. expanded.in
cul t ur &8 °h STTRRENR &S pogrtifo sy %“é’l‘?é’tffqli‘*é}qaéﬁd Efsels and 10

hengt oRAEIRtak Chilrh&S ¥ ALY i THeD mefuﬁfdmake%rhu%gt?dr 'tméng ﬂ%’eaﬁP Y

structures when seeded on appropriate su ate, e gehetrcally
mani pultayestion.nig ﬁfeetegdm aﬂtlmn’gondwtduslsumhﬁn@nnmted |Eﬂgcelti| imgne@ahhe and .
research.. ose cor di e as t. of . .the present invention
t here pPuit %:i%g}rdgciu éﬁferen(t:atlon ofntﬂe dlgfgren%atp 3 %S celis mto vasculogemc - :
progenttor ¢ ells, thereby obtaining a mixed p opulation o f cells, and-1solating¢ells

p.

-smz@l’ler‘than 50 pm from: the mixed population of cells. Cell isolated in this manner "
20 are. vasculogenic progeiitor. cells as is ‘cléarly illustrated in. the Examples.Section-
. hereiminder. . |
+ ~As-used_‘herein; the phrase -“vasculogenic progenitor cells” refers to-. a
-+ population of cells that can’ generate progeny that are endothelial or smooth muscle
precursois (such as angioblasts) or mature ‘endothelial or-smooth muscle. cells, or-
25 hematopoietic precursor (such as . erythroid colony forming . units - and
+ . megakaryocytes) or -mature blood cells (such as erythrocytes and leukocytes).
Typically, vasculogenic progenitor cells express some of the phenotypic markers that |
-are characteristic of the endothelial, smooth . muscle and hematopoietic - lineages. |
Typically, they do.not produce progeny .of other embryonic germ layers when
30 cultured by themselves in vitro, unless dedifferentiated or reprogrammed. It will.be -

appreciated that it is'not.imptied that each of the cells within the population have the =




‘generat e progeny that” are en

. phenotypic markers that are c

. Musc| e mammhkéaned mingositisterh |caldmgiﬁﬁmed'ﬁmn®k;lh Yr ct)h@yeséﬁredrﬁ?ﬁbrpéﬂduce -

.progeny. .of ot her ‘;rb yoni c %a& | ayers,. when 30 cultured by thensel ves i-n
fsripd

met hod of preparing vascul ogenic progénirtor cells fromundifferentiated ES

cells, is such as human ES cells. The nethod; accordinglé Qctdbes2@spect of

t he p‘fé%% h&vent ion, is effected by culturing indivi ggﬁhw;’{ferent i at ed
s in. 10 .

ES cel manner suitable for inducing different % he

© undi fferenti at ed ES cells into vascul ogenic progenitor c ells, t her_eby
- obtaining.a mxed population o f cells, and i solating.c ells smaller than
50 pm feebpwhivh isicharektaiyicl efta pecidic tishd &ype,Caid mag of aiagthdt etalti Gemanner 20

are. vascul.ogenic,.pro tor" cells as is clearly illustrated in. the
- Exanpl &@PUL Ooﬁmhﬁé"rt%%%"ﬂervascu;@ @n%ﬂ lsi“mhéff"é? Ihsmoethemppile sad

vascul&gﬁ%ﬂepmggﬁhﬁggop@hg wﬁf&{ré}ﬁta%d cefls. Popul ation of cells that can

smooth nuscle precursors (such as
angi obl ast s)Asmentidngd diereimbdot, hﬁdlﬂvﬁluabumhﬂ”ﬁmhhatadlfﬂﬂ €ellsct calmed 25

ot I AR B b
| eukoc yviyeSindiffelitiafdl BY celléalﬁﬁﬁh(g g%@'ﬂ%@#xﬁﬁ&h i vﬁﬁgf‘%gq? pEOMe . of the

er|S|co snoot h

vitro, caHimassesyeel] IRVt Wr@ﬁ?‘ﬁ@?‘&ﬁﬁ%&mﬁs andfqr, gudturedBP eci at ed

T i A T

chavact er i stAxis efcady d@acndiiagdtih SisaBxdnypies seticn h’&%xrib&ld%khé\ﬂieﬂfoﬂhal n the
capacity to proliferate further. Vascul ar endothelium mural snooth muscl e

and et RPBRYTERNSf Ereguasept wyewionae suifable fpr4se methdwmantestbrzenits. As
ti Lt tjated ES | tured
rent | ot ol e o e ShBhod Yl LESHSRAA SRE L Rl co o

pr Ogenlehﬁﬁycmi dtam cell TiFReretinidiib &raeﬁﬁmﬁ@%dafﬁcﬁﬁlehﬁn%bhll #Qdcyibe nethod of
the present invention can _be manmalian enbryonic stemcells obtained from

fresh &foHs {fop Pé%t"@r%@nh%watn‘pfcthedwenm%@n db¢ padiffessntiated ES | .
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The ES cel I's may umen “or

dermnsfdlemdd1ﬁﬂdﬁiﬁn%ﬁﬁhﬁ;ﬂc§ﬁ@hb@ﬂm@ﬂb@hﬂb6| ow, the methods and.
conposi tions of the present invention are suitable for use with hunman

embryoni ¢ #cepndEg e anoihes eprsrred) rebpdimenbfofirdhd quesembrinventionil at i on and '
CONt T Oly; e HABA of the individual undifferentiated ES cells is effected by culturing sich '

cells on plates coated with an adhesive substrate such as type IV collagen, laminin or
20 gelatin to prevent aggregation o f the ES cells, seeding the cells at‘a concentration
between 2X10" and 1X10° cells’/em’, and- providing: differéntiation medium. Tn-a
most preferred embodiment, individual undifferentiated ES cells are grown on:type
V. collagen-coated plates (available from, for example, Cell Cultureware, BD- -
Falcon, Boston, MA).  See'Examples section for further description of conditions: for
25 -d.tfferentiatlon of ES cells. |
‘One important feature of the present methodology is the cell seeding step. |
- While reducing the present invention to practice, it was-.observed that 'a-3-
- dimensional embryoid body structure was not required, as had been previously
‘contended, - for mesodermal differentiation -of human -embryenic stem -cells.
30  Undifferentiated hES cells removed from their feeder layer and plated as single cells. :
_ 6n'type IV collagen with differentiation medium exhibited expression of indicators"-df )

endothelial differentiation (Figures 1A-G). Cell seeding concentration dramatically

-




enbryonic stemcell differentiation is a primary 'gbal of current medical
and scientific effort, in a preferred enbodi nent of theipiRsfRE200VENtI ON,
t he uwa éFsrmat i ated ES 15 cells are human ES cel | s. Prgfgishboszet he ES
cell's are unaggregated cells, as described in detail in the Exanples
section hereinbel ow. According to another preferred enbodi ment of the
present .. invention, differentiatioh of the individual undifferentiated. ES
el 1 o PR BReitoscaf e P Suedhodcdet SSmsosie wisorbag BLprigren an

adhesi y@dRYRSIE Blduss YN (PRndNRE, I ¥ §PINAGRN 20008900l {1 WAALI N Lo

_ prevent aggregati o_rsi 0 ff_(__t_he' ESg’ceI I s, seé%inng the ’%ie)ﬁvglr_?a%qga&@g%%bent_rat i on

bet weesudXbih cancintoxii@is B SU.EXR)” aels/@ntviofli HES diefif efeguliddatd @n medi um |
In "a nost preferred enmbodi ment, individual undi.fferentiated ES cells are

grown BRIESAGENCONY, PRIAULE e nLOB%E Pl seritng caneantrations (3XI9° folXEXanpl e, Cel |

Cul § ur eWYRYEn? _ t!m e; ; ect | for.further
_ des%:ri ptioﬁn_()) Fé:%ﬁgéll tg :H%ggéfgéﬂﬁ% d,?‘f@?’@}?ﬁ%ﬁ%ﬁ@@%{"ﬁﬂtﬂ ne :
i npor t emdothedml-like celfs dnlidewerampe] sesthatdectgliké cdllst(Biuee BB). seeding step:
Wi | e reduci,rggﬁtxhe resent invention to practice, it _was observed that a 3-
di mensi onal ‘ siseeiipnsyhigh dollevparovirdes fudher deseription of sertidsn

_ revi oyg milﬁm bs entiation.of hupan enbryonic
_ gt em cgﬂ%a@g nal ggaelr“]ielﬁ{ffﬁ e@g% 'l(::‘eelpﬁ &Brﬂéern%\?é%gf?%ﬂflgﬁ%rf t“fl}?ederyl ayer .
and pl at ed as usédipreing el tomn “diffetenfigtidiMnedhiiveferiid Dsdliablegh&iidat i on

medi um exhi bi ted expression of indicators of endothelial differentiation
(Fi%ur eapable. of supponting; geewthgand deféerentintionnof ihemESi eellsl y Exemples afer 2006 WO
03/ 087 A 320 .. af fected the efficien of .t he present. PRy
met hod%‘ﬁg"é’)f/é:cacei gétgogeégﬁggvc}g%; (c:ﬁnn%e pgd "‘r"iﬂbb_‘eaPrfF“n %Wﬁ?'é%“%c fA°Rouse ES &)
( Yamashariay of giowah! me&iagffegax%@w-itﬁ%;t%& &F%g:HAOMEMaPAe%ium ge hi gh '
concentrations (1:0- 1.5X105 cell s/engééof hES cells resulted in a

het er ogesslegissdpal-Rockyilles MIdrUE4) or Sadbiase’scoinient esentod sugdbXe@04 1X105 5

cells/ ol y def atyon. —of cell | ncl udi majority -
of SW&W%%B%%%E)I?%QGW?%E@% E@gmongn&ogﬁgﬂ’ﬁa{ﬁﬁt?néﬁggﬁgﬁguscl e-1ike
celd s frei@pochakd) (LifdBedhtaltRicd Inc. SREAKVAE, WIDCDIShY! | ows -provides furt her -
description of methods of culturing "individual “undifferentiated ES cells"
under non- ad§r Bganenipnednbifreivabeye INswas exbstryed that t tdturipgmof the :
"differ to .a,.suitabl.e nmedium l.o capabl e of

suppor "d%ge%}ﬁ%%]% rﬁ?ﬁéﬁ@ﬂ#"ﬁ@[@l errBPOF RIRduGes 2 deimed pepyiafipR Of of

cells, including a majority of small, flat endothelial-like cells and fewer large,.
smooth-muscle-like cells (Figure 1B).

20 . . While :prévious.techniques. for selection of .specific lineage-pro'genit@)'rsrhavé,
depended .on . immunode_:teétrion. of indicators of differéntiation and specific. cell _ )
lineages and fluorescent or magnetic cell sorting (see, ‘for example, International % 3
Patent. -Appiication WO 0210347 A2 to Benvenisty, U.S. Pat No.. 6‘,28_0,7.18"10
Kaufman, D S -and Thomson, I A; International Pat. Application No.-WOOl’ZS’,ZGS: '

25 Al to Cibells, J et al), these methods are cumbersome and costly. - The observed
morphological features of the mixed population .of cells. ._gene‘rated -acéording to the
teachings of . the . present invention enabled a. simple -and rapid isolation -of
vasculogenic.progenitor cells therefrom. - As is illustrated ‘in the Examples section
which follows, selection of cells smaller than 50 pum, emables-rapid and efficient

30 isolation of vasculogenic progenitor cells from the mixed population of cel_ls-(FigHrGS_j S

IC‘P')-- - : I - o . P




. suitable differentiation media which can be used with the present invention

include. a variety of. -growth, nedia prepared with a basecafhenlgisa ' NEM

medi u i} echnol ogies Inc.,. Rockville,. MDD, USA) - Dul . 0.'s

mni m@ﬂgg;sog?lztggal medium (DM EM suppl enented with 10%%@2{{&/&%%

.(Hyd one, : Logan, UT, - USA) -and 0.l M f3- 15 nercapoet hanol  (Life ,

Technol ogies Inc.,. Rockville, MD,. 28SA). As is nentioned hereinabove it was

observed t halhsukhepiesegt ofetioldelogy wmdiléfser sinp bfitedniotlrRbdissadndgtai led
i ncluding.a majority;

her ei nghgve. pr. ces. a defjined.popul ation of _cells, inclt ]
of srra?tkf)’, owfr%t 8&#&@&%&?‘?"&@‘@ [Seelmerrbolagy selaréion [cap e, effedebssiignuscl e- | i ke

~cells (Jaidus eﬁ.gmmn;zwmdngeggre SHAAYS AL RABREOY Cprd BhecS T oL el OF speci f ié |

L)

<
ez

n. | mmunod

I i neage progenitors have ) m fectron of. |'S"ri ors of
di f f er edesérzheddmleomd specific cell 1ineages and.fl.uorescent or. magnetic

cell sortin see, r .exanple, International_ Patent Application WO
0216347 A2 tg‘ge%n?ﬁ%%ﬁ&ﬂf}?ﬂ EIGS‘.’ﬁb@BO%!H rja18‘?128%51,61?118ﬂtﬁ'tpasma1’tlimlrmmgh ® S and :
"Thonso tevk NERE i gpad Pat:r. ' Lo N 0129206 25 Al to
' Gi bel Irhlmsilj éleetv&alﬁﬁrnﬁdeg%aﬁr%{e{higg%eég%d %ﬁﬂl g%s%lqn%}r%d&%%g& PHPORPE observed
nor pholmgexal Svehtfitessmay bt bre of seoerapogiinaici0ly Whitad fiflers igRERat ed

accordi g‘gpét .the, te 'ch* ngs, of . the resent invention enabled a. sinple

the . .
and P roped o sl cylture filters fropg &all Litegicinpees (Amn-Adbor Mk HSA3brom As is

i1l ust. ' I egtl ' 1ol | ows election of. cells
smal | élrm%ﬁlglndcgo(ghrﬁgmg’)r(\a ’e[gé%);plgdb 1%%3 egﬁl?e?ilge%tn&%g rpggz]I éﬁ?rol??vlf’fg ¥ascul ogeni ¢
pr dgenipoor sizel bf 401 jam- ((ull. Caltuewaie) (BDFalcon, Boster! MAY Fiimwigs té CF). ;
16 Cctober 2006 WD 03/087296 PCT11L03100320 23 Thus, the present - :
met hod"é’l"&EWr phyleaidike cglls 9rpass zad ity larast.capootiemasele dilre cel$ toobé ng

di ffer gpijald on. Such size/ norphol ogy sel ection can be effected using
various filtration, norphonetry and/ or densitonmetry approaches as is -

further destdorphemétnl auferdtoVaé Ramsureinehl ot dxdirhd Tod Sanidah ey in the
art, such as the passage through a nesh, sieve, filter and the |ike.

Fi | t er S0h0fsdpgpding dugnet; InpiindsoZatani,3-Brimpee ansbysisred dvanaed inBitz f i | ters nay
-be ;one ;n cCRITRL 6l =ayai | abl.e filters.inclyding _but not limted
to lgel Pﬂfgﬂfi%‘?ﬂé@ ie%t er sé drrg?&%n g?%(&h ?ngll. l's‘ggél‘gh%{e(‘se”fﬂﬁﬁﬂcﬂrtgg‘? SR usa) or,

BD- Fal-¢onoriBesdially aMiabld38)oneSkillef 81 HROart [4de€ Forl .e%(aﬁapEBﬂMQtaH?%ﬁih filter

having_a . . i : :
' Software (Universal Imaging Corp., Downing PA, USA), Imagic-5-(Image Science

Software, Berlin, Germany) and Stereologer (Systcms Planming and Analysis; Inc.,
Alexandria, VA, USA)] and can be combined with well known light microscopy and
20 flow _sor‘ting‘tcchniqucs for selection of objects of desired extemnal charactéﬁsﬁCS'
-{e.g. size) (for suitable apparatus see, for-example, U.S..Pat. No., 6,249,341 10 Basiji-
et al). . . | | :

“Densitometry” refers to measurerient of the optical or phyrs'ical-'-déﬁsity of an
object. Since the smaller, endothelial-like -cells. have a‘mii'que'and'charactériﬁvtic?
25 distribution of cell components, densitometric 'méasml"en-‘_nentS“ may be used to
» characterize and provide criteria: for separation -and- isolation of cells. Devices
-snitable for densitometric isolation of endothelial-like cells. are, for-example, the-
.MECOS-C1 blood cell densitometry analyzer (MECOS.-Co., Moscow,. :Russia).
Cells may also be separated by sedimentation through a preparative density’gradienﬁ

30 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). Thas, the present invention provides.

v




10 pore size. of 40 tun (Cell Cul turewar e, BD- Fal con, Boston, MA) ,
allowing. the smaller, endothelial-like cells to pass amndQdwbet 260ger ,

snoot hwpusmbreti ke cells to be excluded. "Morphonetry"pépfsmeie the
measur enent of external form and can enploy nethods including but not

limted to 2- and 3-D image anal ysis. Advanced. i nmagi ng 15 analysis -
softvvare suitable for identificatidf and isolation of cells,smaller than 50
mis coffErd and y2pid; apprasabeto progemitos el gsaeratiop daiselafigre Prepus

- exanpl e rs | P USA) , |
“hnagi e- h{% erg} IQ au@g%%c\ﬂaé%#%n\%%r e(%h% a]vl: :Eg%ggdrrg% g“' andD%kelir}go §g\ger o
(Syst enwnfahanak m@sm Priifyaiion chpibilities AligHeng ther oradhicalUgplicaiérdl can be
conbi ned with well known |ight:m croscopﬁﬁand 20 flow sorti n% technl ques

Tor sel.dkaubinglloBEot) dckia Bipich 2006463808 o lnidings el ok size) .
f b H 9 1 to B .
o SR oS3 OB i b 0 S

densi t ymefhods of Biejpesstnt ilbhditidnahfcapaRk o€ ene@ﬂﬂfgtlh@elr@hxﬂmlaa{dcm have a
uni que and characteristic 25 dlstrlbutlon of cell conponents,

densi to@ﬁélsrh)fd)ﬂhl!afﬁ@ﬂﬁ@ﬂﬁﬂm@ wagerons collgloyblivgseharacteri ze and provi de
criteria: and.isol ation

bl f -
Gensi 1 omet 1 St PEBRARIL AP SAOSeRIc bR @ el GeESRung BT e e

MECCS- Gaélingid of etht. sleqiat tintaition RNehataderiacE undAie O¥f cal'§3| a) .
Cells may al'so be seEarat ed by. sedinentation hrough a preparative den§| ty

gr ath en@xxgeﬁsmcﬁleasn L'pmg@thﬁER(&Lﬂ{ﬂUE(Q&mthim(ﬁgBmast@ﬁ)cw I'nc. . .
" seet oty £B! R T el S G B SRS S T
Thus, t ﬂ&o@bﬁﬁi@)ﬁtoﬂ (BY&([T&t {ned (R AR gF 1R O3 HO DR the %@enc%f%{dgmp 6

PCT/ 1L03/0 320 24 an easy and rapid approach to progenitor cell
gener at §tonalns fos cﬂlaherroﬂnffefbmwwusthembﬂlnjsrmfcapsﬂxkh atfi gepesaiinig frggeni t or

A
(Re f‘%ﬁsg R of 97 Rhy bé\lﬂfalrﬁélﬂéc?ﬁh %QQI@ s@a§e§9e‘% eﬁQéBdu?giﬁ'io?{;ngé'nﬂa@sfs Met al.

PNAS 5 11307-312 e vascul ogeni c:. progenitor cel
i sol at edmbybyt drgoproettatids aocforﬂ:lng ttp)rans efi thd metwils dor eomelitapag| storage gener at i ng

nglrjgﬁ 25‘2&) %Eiévm%ftyllngglpyt flsngp oyedcl?llt e art seergr Iegcz?xg‘lgltel %nS tPr;]_art;ci\ng. X(}mlai pus cell
to.Demetrion, et al). |
-~ Due to the: mmportance of - differentiated cells in various. therapeutic
. 20 aﬁp'maches, directed differentiation of embryonic precursor. eells presents -an
mmportant goal in the art-of stem cell culturing. * Although -embryonic .stem- cells
maintained in culture often undergo spontaneous differentiation (Thomson J A etal. | E} N
Science 1998;282:1145-47); directed— differentiation of embryoid- body-derived cells |
(Shamblott MJ.et al. PNAS USA.2001;98:14 3-18)-and humanES cells in coculture
25  with. MEF cells (Kauﬁ‘né.n.DS. et al. PNAS USA' 2001:;98:10716-721) - has ‘beén
~ demonstrated by manipulation of environmental factors. : For example, Kaufman et
al. induced hematopoietic differentiation in human ES: cells By culture- with mouse -
bone marrow stromal cells (Kaufman DS et al. PNAS USA 2001;98:1071 6;721, and
US Pat.-No. 6,280,718 to. Kaufman,; D et al) and Carpenter-(US-Pat Application No.
30 20020039724 Al) induced neuronal and glial cell development in neural progenitor . -
-cells by exposure to a cAMEP activator and/or neurotrophic growth factor. BEnver_ii‘sty

produced pulsating: cardiac muscle cells and néuronali'ke'cells- by exposing human’




The popul ati on of vaScuIbgenic'progenitor cells isolated,according'to t he

teachi ngs of the. present .invention is characterized by aﬁOoaﬁanlmﬁ:e of

cells: @ gssing the endot helial progenitor marker W‘q’? ?g
(Fi gures I E? and .endothelial markers IF), and, activeJYro ratin as

~indicated by '45 (Fi gure ), P.g, 1:.: i_nc-orporatl_on of (BrdU) into the
“nucleus (Figure 11). In the absencezsof additional .stinulus for further

R

di f f er eanbgbiddmdytdetis e whﬂlay@fgmpaém@-scﬁtsmneﬁ&mg et &lr ¥ Mumber s of
ogenitor cel on, .t he vascul ogeni c:

T e eSS bt ren M SRS 4B rOuoh 4B 1 2med bleraiamsbed ngl o

ong pepkodgplabh o wo%mga?%@i ABURARCAREORA! Nl aMiCle e et Rods

for condit storage t hawi-n nployéd 1'n art (see,

for ex aahﬂvemelhlzaﬂneﬂalhethbld)s efployOeiflies cotwiturDeretnbirgsid Eﬁﬂyafo}madaﬂeoxt o the

i nportance of differentiated cells in yarious therapeutic 20 approaches,

di r ett efflertiong B%PQFQQHYMWPEOBP%IEW myke®s presents. an

i nportant g t 0 onic . stem.
cells mai n?%!rﬁéetgd |dr;lﬁec ti‘}f?{r&ie1 %ﬁ@g]n‘%géﬁlléoeée it g{ogg %gonlﬁ%et&% gg@ ?E’Eée)sﬁ Yation :

( Thonmsoinvéntisn ein de. eff&téd WEeﬁQQ&c%ZSﬁ&ﬂﬁ:— ‘ﬁécdlhrj’ efilooth didséler@nt i ation of
enbryai d body-derived cells (Shamblott Met al. PNAS. USA 2001; ° '
98. 113- hematoppiehiqrawih factoreel | s i ncocul ture 25 with MEF-cel |'s (Kauf man. DS

of envi ronmeRt & P B Gt A8SiORC Rl BIBS, (R b R a““

hengs opwisetilogonit fregcaitbl. *blPRedddd m:naﬂoﬁsccﬁﬂhhﬁattbh ab! gt Wckdisouse  bone
marrow stronmal cells (Kaufman DS et al. PNAS USA: 20017 98: 10716=721, and -

7US Pat . indices diffgentatgn ntoresifia amtme sell phyneiyresChpenre to (egrewuth

QE\F/)L: gpﬁw%%J %ﬁggrgﬁ proggz"fzﬂ%’e#a Cceeloflu&ﬁg RO c?gé ’ﬁgd'?ipcé&%:y H@l i vat or

and/ ar nidicaforsONérdoteut &ellf fieh er@met]yan@apimp%ﬂeték td@ cardiac =
nmuscl e cells.and neuron-like ce 98]3'}; xposi'ng hunan 16 October 2006 WO

03/ 0872ihs PBLeds 2yowth- faxierr y upiegtlatedo smogthr masgle ofeligr owt h

LR bR B A PA I sl Xxpot Rt of R KBRS e %’2?5'4 6 Mo, o

02 10347d1:ﬂ2rehﬁatﬁﬂ{bﬁﬂé SistulibeniEipipeaitor calld (PloutR@K-M).
Thus, according to another aspect of the present invention there is provided a
method of preparing somatic cells from th‘c-p.opulaiion o f vasculogenic -p"rogenito'r
~celis of the present invention, the méthod is effected by ebtaining a population of |
20  vascalogenic progenitor cells as:describ_ed hereinabove; and culturing the:population
of vasculogenic progenitor cells.in the: }iresence of at Jeast one growth factor suitable
for inducing somatic cell differentiation. |
‘As used-herein, the term “somatic.cell” refersto a 6311 of definite lineage,
- jdentifiable as -belonging to a specific cell phenotype via -morpfxol‘ogicai‘,-
25  immunological, biochemical -and/or functional criteria. - ‘Somatic cells are by
definition more differentiated, and less multipotent, than progenitor and stem cells.
Examples o f somatic cells, in the context of the. present invention, are endothelial
cells, smooth muscle cells, and blood cells. .
querous growth. factors have. been implicated in the complex processes of
30 vasculogenesis, angiogenesis and hé_:mat(;poietic 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 -

-




abovenenti oned net hods enpl oy either coculturing, enbryoid body formation -
or 5 selection of progenitors by inmunodetection of cel 6 ®utdbree00wr ker s.

Di-rect g@b.gidshmgent i ati on of the vascul ogeni c progenitor o0y the - .
present invention can be effected by exposure to speciifl c vascul ar, snooth

" muscle or hematopoietic growth factors. As is illustrated in the Exanples

“section which fol | ows, exposure-of #he to vascul ogenic progenitor cells
seeded #Hhanptheryy efEsendiffsrantintion of progettiter telds intesomaticicells tsetypically .
differegtiation intag.specitjc mature cell phenotypes. Exposure.to the
- growt h ? g%@groqwlﬂ%g% {Wé) ‘%‘é&é’&?@%%ﬁp% 198 '_"-H’E‘lbﬁhﬁqpéﬁff’@al and.

functional  Thds,caLeMMOb GRAGHERINME dethls AREAYMPL pfSbAULESS. F and
21F-H), :whil e exposure gtOtfg t he snoot h rmscsl %Bgr?v{ﬂ%ﬁ?pg%@?p@ PDG-- BB Y
upr egul diredted dibisrentiation iscefeetell by Rising one 105 ni{oFé guomals f2ArEjnchiding; bat | y, -

exposure cyt.oki nes stinulated hemat opoi et ifferentiation of the . - .
.vasc Ioﬁggn?l@“%flo en\{alscé-arc.gﬁoghe?ﬂ éﬁ?%‘é‘ "%@%b;ﬁﬁ&s;%@ﬂnwgianot her °
aspect  platdliiQicHves gRwth TESH (PRIGH) NGiein! (BpR, Hbr o TR y@F epari ng
. somati cgcel s from'the po‘pul(]gt'i Or)lhﬁjf v%gc%%gﬁ%g%}“ggﬁ&&o@%@él | s of the
* pr esent timere ngrowith . fantome(TGD), i plaeértact grawtly : faitdrai (PIGE),a dyeikies i on of 20
vascul O?:gﬂilrc (?ro enjtor cells as gfscri héd_herei nabove and cul turing the
popul at BPelrns dogibeneictin, Jposiergh desulie,  stemy ell p fadten (SCHD: at | east
one gr oWrahul§teotolay-timhiSting Botok REUSS NGO b ISy E ac Bphi & SRLLAL T ON. As U,
sed h erei rlll,@ﬁ\e t glkym "-soma?é cEt&gR?@@%é@sg?]gmgcﬁgHac%Pﬁ%éeﬁozﬁe | i neage,
- i demt i f stabileting fasedrd GHM-GFF). Swwh Saaers fare coaninkrcifilyeraliatiie to/ome dtighol ogi cal ;
25 i mmunof ogi.cal , bi ochem.cpﬂ%ka’gnd/ or functional criteria. Somatic cells are’
by defi H{0F 8 HarePaRYons s BHse |Gel clweny| t i pot ent; than' progenitort.)
and stem cel kgnhermbsf! 651 Be S0t | | 1L..n.the caont ext. of the. :
present inventi oen, air’e"-g?llég%ﬁé?&g?wdg[g?ﬁeég?sagong%ﬁ%mmnﬁgIgéo' Iff’%t,orsa'nd bl ood
cel | s. Nageoopssgfamilies biciomrs iidwiing basted inalbhiat Riidgdifeeent,05md eX
process&lf of 3? vasS}ueLq%genesi's, angi ogenesi s and hematopoietic .- o
di f f er eMVFEERLIPIES: By theedrvelppmentak procgssnel ey, exposus tr memBder20Dthes: 389- 95,
and;sYang ] 2090 40 LR B A9k J0h.S0 L.e. VEG-, Ang
andl‘sPDGF; are r’r%(r%e‘d}%%%hﬁ%ht‘ |n$f’he|r e Tgiﬁtas%%ﬁaggbﬁéFmay 16
Cet ober sti(fl6te ol ARTEIbntREESH] WhilShO PBREF 26 Ang families are important.

in smooth muscle development and lomen formation, respectively.
.- . . While reducing the preée.nt ‘invention to -'practice,_- it was -reve'aledé'thét
| .fo'l_lomg initial exposure to differentiati’on:medium and size selection -byﬁltrati“dn-,'- '.
20 the vasculogenic progenitor cells; and not the smooth muscle. i)rqgerﬁ-tors.:' of .the

present invention -demonstrate robust. nuclear uptake of BrdU, - indicating cell.

e ’
Ry «'.,r_ . .

proliferation.
Thus, according to another aspect of the present invention, fhere is provided a:
cell -culture compnsing a population of Vasculogénic progenitor cells. being"
25 sustainable in a prqliferatiﬁe-, undifferentiated state for as-long as 14 days:or more and
being capable -of differentiation - into. ‘smooth muscle, .endothelial . and/or
: hemat;)poieﬁc cells upon exposure to at least one angiogcnicj:-vascu‘logeni'ca"bff
hematopoietic growth factor, as detailed hereinabove. Thus, the cell enlture of the
present invention can be-expanded and maintained sin a relatively undifferentiated
30 state. . | '
| - The plunipotent, and'prcli-fcrative,character‘ of embryoni-c-anitaduiti's{ein-ce‘lls'_ '

has naturaily been exploited for the benefit of in vitro tissue preparation and.

-




‘rtha'n'others, effective differentiation of progenitor cells into somatic

cells is typically a result of the conbined, and tenporaklottgRercigat ed
actio f er of factors. Thus, according to one of this
aspec?"v(;&f03 ﬁeyg?esent i nventi on, d| rected differ entlaﬁaﬁg’b’z&é 0fect ed: by .
usi ng one or nore growh factors including, but 5 not linmted to, vascul ar

“endot helial growh. factor (VEGF), 2angi opoi etin (Ang), platelet, derived

growt h ¢@meoﬁng PmGﬁ};sueeqmigiﬂeaﬁ(ngais)sue biolgemhirﬁst pgicowbiy drachibired k) , -t unor

grow h factor. pl acent al owt h factor. (Pl GF), cytokines,
b Gpirentagon e

eryt br o8Pt th a ﬁ'rﬂP STERHAROR LAGIRISE by 76 Vel'%?élﬁ’l“bhdlfﬁ@%a%@} Pﬂfactor

- (SCF t r .
' ér anLI o@%@%ﬁ%ﬁ%@@% g%y“@%ﬁ%%tgﬁkﬁ ?(,‘_C? %@%@%E)om“guch fact ors

are comtgamzzaiohynm\read@iﬂabletamdcfuﬂctmhaﬂ tiseak and orpark B(@uo@zﬁﬁas vhiclpiapar ations
sui table for, use in cell cul Furthernpre, it will be appr eci at ed t hat

t he SabaRfe ISt #5oh SAUEF dok Hssus gﬁnsgmﬂﬁ yiOF GG corganmsepnest, oF ofrgast or s- ,
s o' S18rebBbR! SRS W ARsudd ALl (b e BR iy SROERliGE! €S - the

devel opnent al proce exposure to ms ers o é@ fam 'y -(for
exanpl eKdeRI And sk G FamME%tlS).lrg TS5 B6RY, SHTHLEENH Brissies e '
endothg;tig! .gi_ffer ntiation, while the PDG- and Ang famlies are inportant:
in smoot R e@é‘l“&ﬂ%ﬁ{)’ HsRyes (el Ao wtPrin, Wééﬁ@%?lilé’rzﬁ) Wile . -
reduci r [e fol | owi n
it ol EoRA RS Bl AR ERBle: 58 AoF Tar 3 akd HISSRECYSAF D) o

f i | tor atHowever,3Redehtizsus dnivt bganémpipendefirh diffgettisded aRtdeak bugtss oot h -
nmuscl e pr g enitors of the present invention denonstrate rogust nucI ear

upt ake 5t Egmysten fellse aEm‘?@’%’é] stem sqlls | Havebaen Bsed roducesedinay .

“anot h h || o
SOt o i b ICRIGRED (LLAKER, | @ SAERS. L0PHBYIIES 0 and ebel g 25

sust ai rtﬂbd»&tzdsﬂe(ﬁl(wﬁ@hmtﬂram PRIAS wsmidoer%mmawd giakg. for as long as
14' days or nmore and bei ng capabl e. of dlfferentlatlon into smooth nuscl e,

endot hel'i al Yesaldfksrstrugbies: baysi det bectieformed o rvitex p Feushal tep abt(Nabast one

nors naes 2008 B8ERpE bl P BRI Sofblilie bbbl Do

expande(éoaﬁde]mmtdacd]mhddad apdreinat vesedly. unevdnbereent i At gINASO UMt e. The
pl.uripotent, and proliferative, character of. enbryonic and adult stemcells

has . nR09REPIAOr86h working with Husean prebiyeidebody dérivad erdothelinl sellse

- prepar Qfeh{%ﬂstﬁﬂgi fqnnatxon of tube-like structurés in. matrigel, -and microvessels upor:

transpiantation.. However, these vessel-like structures typically lack :the normal
20 complex vascular/mural organization characteristic of normal blood vessels.: . = -
| " While - reducing. the present invention to- practice,. it- was surprisingly.
uncovered that__the vasculogenic progenitor cells of the present invention formi: small;
~capillary-like vessels when grown in matrigel with -appropriate growth -facters
A(Figurcs -,3A+-G),_'a_nd larger vascular structures on alginate scaffolds (Figures 4A and - |
25 4B). In:both eases, normal endothelial and muréi_organization were observed
-(Figures 3E-G and 4A-B), as well as blood cell formation within the vascular
'. strugtures. ' |
Thus, according to another aspect of the present invention, theré:is;pmvidcd‘-a
method for preparing vascular tissue. The. method is effected by culturing the
30 - population of vasculogenic progenitor cells of the present ‘invention in the presence -
of at least- one vasculogenic and/or.angiogenic growth. factor, under conditions

suitable for inducing vascular tissue differentiation.




16 October 2006 WO 03/087296 PCT/ 1103100320 27 engineering. In tissue -~ -

engi neering,. tissue progenitors or precursors are cultunedddber 208 0 W th

' appropwioalsmsdekf erentiation factors, to achieve not only %&ﬁ&ﬁ@tiation on;
" the level of the individual cells, but also norphol ogi ca(F_, rochem cal and’

~anatom cal organization into recognizable and functional tissue and organ

~ structures, which may .5 be used as2% source for tissue/organ grafts, for
~artificial ofgesrdsggpone smbodioregtobthisraspedt of the prasangihesntioh, ¢dsadmes t hat .

- have been engi neer%fi.i n.. vi.trg are cartilage (Koch Rl and Gorti GK Faci al
Peast. SUFG '200FE! By @Eyring fhe, vascalosgmiovingatitopsglls jn zommiselidz - 79) |

" geni't owdsp@bMzdtichSiBS ot dhndn Cur reRi Ny Uk Rhind1999:95917- 26). - and

~ pancreatic islet ssé(%g/lgl? ihgéE%?é@]'SS .es’tuagll na Binfe%lehujliL N@I“g] _cﬁ,@}'ﬁ%l;

34: 691-efracelnlometrar compdnents. (forsswaampld) Matrigek BB Bjbaasices] Hed R,

di fferent, ‘tissye, conmponents, ..not_from.stemcells. Enbryonic stem
cel Ps ﬁ@ﬁtﬁe% job RT &ané%%?dah&@f raliegenoRam YWheh geavthcfactor-teatiidke

st ruct Yz ki - o At ..1SC) e 2007 . = ~and - bl ood tissue
( Kauf rr;tﬁﬁ%?gf%% %ﬁi@'ﬁ%ﬁ%@oﬁ @ge@ﬁ?n@%}é@%@% o?ﬂ?&% | i ke

st ruct ufaelors may deainyootbthe mbbeanmetioned vasculgeliaustial angiogidic factdgt . is Med

-2001; 7: 1035-40). reported peripheral  endothelial .progenitors formng :
functi oW&R *Sn¥ 'E‘?Eé?‘g"g#‘ée%@mIf%?fzé\ﬁEﬁg),cmmle(&ng)LQWerg et al. .

 (PNAS- 4d50ed 208t Terdr U o VVBL kG ryaid.body derived
endot hel i aF cel I%,glgcﬁgg%?é@’aﬁpé%ﬁkg% | %%I%SP%%%Q%&&?@U es .in,
matioi gegrewtindactor cf TS ard Splagmifal koMb PERIIrA(PIOF), avevelr hfRse |
vessel -1ike structyres typically lack the normal 20 conpl ex vascul ar/ nmural
- or gani 22FTBPE DAL ANSAEERICErO Vil oFelev Blopaagnty dogersfenviiembodiewnti ng t he {3

pr esenty,d i tiﬁﬁl’ It WAS. SUE DI, S coyered that the
vascul o%%%‘?lc, prgdgteo%?taﬁgge 'S (\JIPIC%FHE mﬁ’:gééﬂm* ﬁ@éﬁﬁ%ﬁ f%ﬁ”ﬁf‘gd’érl ;

capi | | amyeularksinweaselis tyieailydeddnti Mefat-n 5 GRks hddBa@HR" ORI @ ugr OWM h
factors (Figures,3A-G, and larger. vascul ar structures on alginate

scaf f ol#€oeiiy el compopeits, mgchn @y Weihoh Poladh bodice spd lipopreteireragotiee| i al  and

ol g SEFEP e A oo SRTlctB by hOIGR A lefon sbont 381 i ng 1o

anot herdeasipé i thefExahflrsestdh which Y&biwsoNn, . t here: i sprovided a nmethod: for

preparing vascul ar tissue. The. nethod is effected by culturing the 30 .

popul ati on tﬁorv&l%@%&@ﬁﬂ&cﬁmphltﬂemgmay @so bhenipridedrit vitnybption in the

bresencedifl ufll plo3aiitor? Ve e Bl 4aNatiod"H & pordhofen. & Samatd Factor
-Such supports are well known inthe art' (see U.S: Pat Nos: 5,75'9,830 and 5;770:4 17 '

20 to Vacanti et al, and 6,379,962 to'Holy et al), and Have been recently proposed; for
example, ‘as tubular blood vessel prostheses for vascularization and: epithelialization o
by host cells; for vascular regeneration (U.S. Pat A-'pplicaftiOn 20020019663. Alto - iw}
“Fermin, PL et al), for wound repair with fibroblasts (U.S. ‘Pat Application
| ‘200200768116 to Dai, J et al) and for in vitro bone engineering (U:S. Pat Application
25 No. 20020028511.to deBruijn, JD et al). In oné&-embodiment -6f the present
‘nvention, vascular tissue of greater than capillary size i‘sm;j:‘repared by culturing: thé
- vasculogenic progenitor cells on.a 3-dimensional scaffold. 1In a prefeﬁéd-
~embodiment, the scaffold s a porous, biodegradable sponge-like material such as
~ poly-L lactic acid, polylactic-glycolic acid or -alginate, and differentiation medivim
30 contains growth factors VEGFies (50 ng/ml) and hPDGF-BB (10 ng/il). Vascular

tissue of the present invention grown-on ‘such an alginate seaffold 'typicaliy




i— Sui tébl e for inducing vascular tissue differentiation. 16 COct obér 2006 WO

03/ 087296 PCT/1L03/00320 28 According to one enbodi nent. 16fodtmesza@a)ect of
the prgesoshAyention, vascular tissue is prepared by%td 5%‘??9 the
fin

vascul ogenic progenitor cells in a sem-solid, vascul ronoting

“nmedium  Such a nmediumitypically conprises extracellular matriXx conponents.

(for exanple, Matrigel-BD Bi oscienc¥®s, Bedford, 5 MA USA) or col I agen (e.g.

rat tai ‘Iiefﬁ‘%ﬂslﬁaﬁé frageplar icharagierasicy saeh as flmﬁtnopndqtlmaemd srodthemesnld at i ng g
vascul o ati o The growth . factors may
be any lﬁﬂ llggggr{en mé’ﬁ‘@g“{?ﬁ @Fﬁ\%ﬁﬁgﬁ ggiﬁzg'ﬁ dte "gﬁ’é‘f &SWF% 4BXors, such

- as vascul ar mmgtreetml us%rgé&rreparfeaewﬁe ﬁl\!ﬁﬁbfﬂﬂi}%&ﬁﬂﬂ%ﬁ%\#%ﬂ@e platel et
, 0}

- .derived growth factor

Ry

Do
el

., ephrin (Eph), fibroblast gr factor (FGF),
t unor t'eﬁesrmrﬁgmearm tbqr@;), ailddforpmwengnmmbﬁ nb&whmulir%ﬁﬁé known to

I ndyce ad/or an I 0 rowt h or .devel opnpent. Inapreferred
enb%d nngcﬁfa? ‘ﬁ%'?%ro &ﬁ H@‘Fnﬁrﬂ"‘%@ﬁe ol greppismy/ i -

hPDGF- Biffefing\Wirbin elf;sumaéﬁwnarfaulgt USRS Stib, ¥ PinC Bl Xnﬁckvqg&tl af ter 7-15
days incubation, Characteristic endothelial cell conponents such as

Wi bel -IBdhalagy phdinkaiesaarintg paqym@:ameuapgmm risl 6 iselsamic dattage, asand bl ood -

|1 h tP d | ect det ai |l ed |
The ExanarahEghER Mot (bR oult FFtieonabmbibo e s dsme o chi ?ec'tﬂre

may al she bpresanti @kadionNca prvily blé&ﬁq.‘egéblst he lﬁfcg%gﬁﬂh{e?ér 8 (kg present

i nvention on a porous support, or scaffol orts are well known
i n ¥he splacqmend thergpy Pat cabess of Surm mamdraﬁqﬂ&()d@gkﬁerﬁﬂoﬁ Gudcanti et al,

and 6,3 et as and have been recently proposed; for
exanpl e@g@&;@eﬁ i %‘?d %"It?%’é“ JI8pS8; ost heses for vascul ari zation and

epi thelial i zZ@k&iPBe ] | Pat
Application 2 0020010, 663 ﬁgi%{%élﬁlﬁé%ﬁﬁw&& {}%9.?1??{1& e&r)\l&srepal r- wth-

f i br obl|feem svageylegepit pragprifor aelloof 1RO PARERCRLEntion - 40 provi@d aghgdaand for in.
vitro bo g%l gr ntﬁer.r n t%# S, fI?at I|c tlon 25 No. 20020028511 to
deBr ui j°n. F)investiggtion, of i e?ﬂngt Kescplae stevelopmgvie sl on,

vageul &ﬁn&ﬁo'ﬁS%rea‘(ﬁ;sre%@Eeﬁs%ﬁ t&ézﬁ)és'd kén? r}v%mfi’é @%ﬁgcbﬁu ylturing the
vascul ogeni c progenitor cells on a 3- RSt onal SCat Py preferred
enbodi nribe pmsenm@ﬁsu@p@tqutoawpmamls lanmcielgfsacbithbgexspﬁﬂ@e -antikBe mat eri al
such as;, .poly-L aci | actic-glycolic acid or al ginate, and -

| gctic
differ Wﬁ oF |GBR°§?@ £ pu-stan %ardo nylronmental Tactors: such as tempcrature ‘gas

pamal pressure and pH, or co-cultured in the presence of cells from: other tissues ‘or '
other-organisms. Changes in-parameters of growth and development, such as failure
20 or delay of endothelial marker expression; loss of proliferative- capacity, ‘or dis-
organization of in vitro .vascularization can be assessed to- dctexmme the effect: of
vanous factors.
“ Thus, according to another aspect of the present 1nvcnt10n -there 15 provided a
method of detenmnmg an effect of a-factor on. wvascular development, growth and/er
25 - modification. ‘T he method is e ffected by exposing the population of vasculogenic
progenitor cells of the present invention to-the factor, and determining an effect of
the factor on the cells. |
The vasculogenic progenitor cells. can. be exposed. to a factor suspected. of
Inhibiting or d ownregulating vascular development, growth or modification: Such
30  assays are. well known in drug development and research, and may- be-employed to
test undesirable side effects of substances intended for the treatment. of other, non-

vascular processes, or, alternatively, may be used fo discover novel inhibitors of

v




30 contains growth factors VEGF165 (50 ng(m ) and hPDG--BB (10 ng/m).
Vascul ar tissue of the present. invention grown on such as (alighen206s

scaf f olveh daysval |y 16 October 2006 WO 03/ 087296 PCT/ 1L@grQPs3aR::49
denonstrates vascul ar characteristics such as . |lunen, endothelial and
smooth muscle cells, cell. inclusi 0395_; and von Wl ebrand Factor at 14 days
in culture (Figures 4A-13). Living vascul ar tjssue prepared by the nethod
of the ﬁ?ségé’ﬁf?g‘?sﬁven{“i'(?ﬁ?%aﬁ' t?éabqﬁs%ﬁeﬁlsmﬁnf e‘btjeﬁép‘éﬁ‘i bibiting yaseulaing f or
‘neovas cybwHidgadd f yasecul ar 1 lssue. 1 B Vaseular tissye nry be '

i mpl-ant gg@?\@%%ﬁ%&ﬂwcéﬁ%HQE g%haa ul%th@%ﬁ?@g@ﬁé @H%?#%g ffom

i nsuf f i gheeid . ber favatdbly vasriskeér prefiralin, @Rimadln fobe vidcalvmsiulaad )
pat hol ogy .of di.abetes, or into tissues experiencing,. or at rigskof:ischemc
. damage, A3R0EGH§SIS:g iﬁ&ﬂ'@uwlwm@raﬁ&wvﬁw aagravtbeise. |
Simjgar UL S _ tl rovi de.bl ood -
vess%al shg{a ar 82‘1‘% itéiljs ?%b?p %tgm,{, ?&%@%‘%@ﬁ%@%pa’? g Igsﬁmlsﬁngases of

sur gi cathedikeafs thergecificartage d€gsastatar devsloptiadt behf inyesighegoscl erosis and
aut oi mune disease: |t will be appreciated that differentiating cultures or.
vascul ar - t i s&tised, whilsyrsduang thegmeseat byppiihiopTpelisgetiicrwescaidhyantess t he

present ¢ e S0, o \ L model.. s e for the investigation of .
pr ocessg(-ls‘&\eiﬁﬁ £etc ?“n‘%@&?@ﬁf’%ﬂ‘%@ é)%ﬁ%lrllttmgﬁ# %ghﬁpr{gﬁelngmvelu_tb@ wiénpl e, the

cel I s amg ahggarsisdbhibitbigpims AE-cAD EAD ipBéveritd Bifetatlibtlbedy HVEGRe presence
of suspected toxic material anti bodi es, teratogens, drugs and the I|ike, .

S,,
or Hxpodgues IA0B). s Sunterhs acdrueipiendad for treatmentofvat cosplicatims afure, gas |

partial _pr r ‘ o-cultured in.the presence of cells from .y
other t¥ I‘sggﬁég&ocr%“ﬁgg ﬁgs:% egl?%da%?rs%?{ma&%aaﬁrﬁ@ ‘?r}ﬁec%a?lér?&%&@“%ly P h and 3
devel opg@mopnsdtbaexbaiisg Mascilogehicl plopinitlr GAROTEAbYIRL - hETIKEn@XPr essi on,

| oss of proliferative. -capacity, or dis- organization. of in vitro -
vascul amozHenhmednlaben eEgiovdls or devadenmagntiof éhe ¢rdls dfyfraethodsofommenty ous

factors,_ Thu coogding to another ~aspect .of the present .invention, there
is provit gdl@he' 'h%ﬁ?‘gﬁydg?cg?rﬁisﬂfrﬂﬁ?f %rf‘f%r@g“%?m%ig?@@gamﬁr?ﬂ &cular
devgy opv@dhlogeieidtifl. 186 ¢4 blogéRic PROEite AN canThd BesiBERREd undetfifbect ed by
exposi ng the popul ation of vascul ogenic progenitor cells of. the present

i nvent i epfimdl chedifioas of, celttinget eSnbstinmgs anffertingc vassilogehesisf aotlor on t he

cel |5, T0RASEH! QIR ForRT U hOlmEEhLS, FpertEted BRRS Tl Qi O

suspect _
compounds and biological agents. '
..~ -Since progenitor cell populations are highly amenable to tissue engineering,
20 transplantation and regenerative therapy, genetic man_ipul-‘ﬁticn of such c¢ells can

pmvide a - source - of -developing- cell -populations bearing umnique, previously

- unattainable characteristics. 7

As is clearly illustrated.in Example 1 of the Examples: sc'etionxhcreinbelow;
the vasculogenic progenitor cell population of the present invention: exhibits active
25 -pro,liferati.oh thus making such.celi.é. -amenable to. genetic manipulations relidepiﬁg
such cells, for example,. cépablf‘e of expressing at least one exogenous: polypeptide:
Exogenous polypeptides expressed in such a cell cﬁlture can be cell surface markers,
- cell-surface antigens, angiogenic factors, vasculogenic- factors and hematopoietic
~factors. Additional polypeptides that can be expressed ‘are, -for example, -various

30 receptors, ligands, cell adhesion molecules, enzymes, peptide hormones - and immune

system proteins. ST . . S




i nhi bi ti ng or d ownregul ating vascul ar devel opnent, growth or nodification.

. Such. .30 assays are well known in drug devel opment and r es&nsicher 2006 maybe

enpl o est undesirable side effects of substances intended for the

treat ?‘rﬁégt‘]&@?ﬁg{her, non- vascul-ar processes, or, alterndtVHE)3%ay be used

to discover novel inhibitors of 16 Cctober 2006 WO 03/087296 . -

PCT/ 1L03/ 00320 30 ‘vascul ogenesis. 3in order to enable assessnent of effects

i nhi bi ting VEecwasculogtmue| mpparitor acellsgrofintls pendit t inoBstdh fmay Ubd uri ng the

~v-ascul ogeni.c_ progenitor cells should be favorable, or nore preferably,

_ . opti mal If*g’f‘%‘fla\‘fgs@uf’ﬂﬁéﬁeﬁ%eﬁﬂ‘& PRlygFRIifeR Y dntrodpsiian jofcr myelsotid i ni zat i on

Cof medi. ‘ tsls I . or 5 differeat]atdon factors), -
t enper. a#gﬂreg,e subs’?{rg;%hé%gg n%sﬁlS ? {)@ﬁ%} bdaééogggﬁégﬁrog?&e@%frtgg Vi .'ﬁe li ke,

f or t hepodypepiidd. c Exoggmusffosdmc nircleicdmid Isequanoés i BE Ganyestd gaied. | ndeed,

whi | e redu?i ng.the present invention to practice, the present inventors

fourdd tY¥RER™'Q opgtasic ells of the goitire byr eleemnosttiione Falsiugt phosphpteesent :

i nvent i it ks : k is:Lhkbiti i.- VE-cad revent ed S

i 1 or ol o B TRGA 865, B2 bk Vil BOniBbbial ve o IRB BYER Sded ror

t r eat mewdll Bhowar oy ononyfl érdiiaioRkilloin phegman Brefepablyl  BOr&SlogEHE thed OF -

potential: harnful effects on_enbryonic vascular 3 ,') devel opnent, by

exposi (fFOFREBY SEYERFesh ioBWHrbl:  E6fls cxPreeningi thy expgengpsigolipaptrdmi toring
dul atyj Lh, I.ls, b hed | d .
" e b ortlnBlald Kopey By RRERbe el K0S iy S HEMRE KRERRD O s o

andbor linfikedv.as Geimgeibstiing, iminhfoMamested@s NELISK O4RINRIIOPCRE! | Gelan be best:

-, assessed under sub optinmal conditions of culturing. Substances affecting
4 vascul GERITEINS CEPRFNERS PalygrRiish ear dei aventrd, pxpmdedediffopentiptedamdi netics, p-

ol ypept| tihodies, .chenical Mo nd.bi.ol ogi cal .agents. Since
pr ogenﬁltk%fﬁg’eﬁ%'?g%%gpﬂ Fh’t%f) %lﬁgg ?F g‘?gr%wg'}%%§ aaﬁ%ib&ﬂ?%mﬁ%egﬁﬁ%ﬁbggﬁeéeri ng, 20

t r ansploantgins ean 58 Préfpesy with lokygenble hffdr hisRBShp& AL Aileahd GBIl such

cells cap , provide a source of devel opi ng cell popul ations bearing unique, -
previ ovallflecrgase reagetian|of tensplanied materials by Me hestorgrmisny. i hdditiomted: in -

et pocth Gordiari Rt SEbUBRole bR TactP: ok e PrS B S BIG: [ ot at i on
thus nmékdergresephr el He. SMRAAD R QuITARS orSatIBNGEDREA! bRRBsfIMRli Ng such
cells, for exanple, capable of. expressing at |east one exogenous
pol ypeiqggatior cells. with altered temporal dynamics and/or sensitivities to differentiation
. factors. . .
- The va,sculqgen_ic- progenitor cells isolated by the methods of the.-pr_esent:
20 invention can be.used therapeufically, in treatment of vascular and vascular- related
disease. - Potential applications include cell transplantation for repair of damaged and
ischemic tissues, vascularization of regenerating tissue and embryenic regenerative
medicine. Examples of such therapeutic applications of stem and progeniter cells are
the augmentation of vessel growth observed ‘in -areas .of ischemic - tissue - after
25  implantation of adult endothelial progenitors (Kawarnoto A et al. -Ci-réulatioh
20_01;103:634-37;) .and the neovascularization by adult endothelial’ progenitors
following cerebral ischemia in induced stroke in mice (Zhang ZG et al. -Cil"G Res
2002;90:284-88). o
- Thus, according to yet another aspect of the present. i'n.v.f:mimij there 1s
30  provided amethod of relieving orpreventing a vascular disease or condition ina
mammalian subject. The method is effected by. administering the- x}ascuiogen-ic

progenitor celis of the present invention to the subject.




. Exogenous pol ypepti des expressed in such a cell culture can be. cell T -
~surface markers,. cell-surface antigens, angi ogeni ¢ fact Qs ctdtRs eodgogeni ¢
factdrﬁ,ﬁ}%spﬁgat opoietic factors. ‘Additional pol ypept i,éhle 3 P% can be
~expressed are, for exanple, various 3o receptors, |igand dhesion .°
mol ecul es, . . enzynes, peptide hornones and i nmine  system prote| ns. 16

"Cct ober 2006 WO 03/ 087296 PCT/'| LO33200320 31 The vascul ogeni c progenitor.
cell's of theMutlesisndf adrumistérony. teyprogenitorrictisloftthe preseax piveatioreX@genous

pol ypept i des by |n5 gguctlon of a. nucleotlde sequence, encodlnﬂ t he-
exogenotfI {5t il hgpanys Whierts inghpd ef’é':lff?PB? ‘FI‘IE‘PBE'%W heggllypepti de. .

- Exogenoys, targe a&snﬁacih%'ebel 15 m%eg%iﬁ mgm BRlifthed ih@ Ahe o

vascul ogeni c“progenitor c ture roporat 'on, ~cal cium -
_ phosphaddxvcry’rﬂewoe nyheei mmtades mtf‘c&ﬁnbhmﬂ byJ’ Bi_]édmona'fr miﬁlﬁita:vmf f the - m crobi al
vect or of her nmeans wel | nown to_one of ordinary skill in the art. '

Pr ef¥er a‘Eﬁ Is nto dhe, sublertsy Syeh tq?live@x%@??éu@cg’éﬁd@h%(%s |°§the§emsllf@1’ ble. Cells

t db
oot isehBr KO BRI MaeP RADER 044 oY 1piph SRNEH, 3T GREE] DY
i mMmnobémbsdingnt, itenubed hdditiendle hate abetdlé). e.and sHnRCRrotd 'bvﬁlchﬂli@r essi ng

' exogenous 5@] pepti des can. be harvested, expanded, differentiated and used -
for, fopells n%ﬁenvqnélﬁauqanﬁg iptrodiicgdranto; the sublaelf & desingd dpgationaFher , cel | s,

tlssues rep 1S nous hIStOCO atability,
anti gen%m%%m R;LQ:%H? O?%gaeigl?gglsgl cr%lelfb%c P%rpnedoﬁp(?gmﬁs pﬁkgwe%d%? ng by the
hosio orgaings s dlffeﬁddfdﬂr@nForléiaﬁ@ld sheeodls@ah leQué}f&ﬂd@@ﬁf @tsd)lﬁﬁor\/ gscul ogenic
growt h factors, or overexpressing growh factor receptors can be sel ect eq

and cu|mb%chledeﬂéawmgrtdmmwelsendfommwwm a:debvfmgénvmerAeeﬂS&t with €3

altere r Y. S sensiti fer nt| ion -
fact or gher%.ﬁn"&geasgrﬁ osg’g‘lm"g‘ g‘g‘ieﬁl“t 8?"’8%|°F éhlug lélt ‘gglcg;/'ﬁ]f’ HEM S ‘as of the
pr esent invaition RURRE V1Bl @arrtws ARPURARIRBH Che BE hi¥ed wnhttm@a..&ﬁ@%f of

vascul ar and vascular. related disease, Potential applicati'ons include’

- cell t rﬁ!ﬁsmeawamvetﬁlqno rmqilsbasahmf aquemebutld soliboe rotveniss suder
: vascul agJd zat.i on eneratin tissu nd, enbr I.C _r.egener o
medt>ci n e@(‘gﬂﬂf‘c@ & ot* s‘ﬁf&‘? %é‘Befiﬁ ?‘E‘fﬂ%ﬂﬂnﬁcﬁﬂ%ﬂ?o&?’ lgglé‘iﬁr&ati’?)r ogeni t or
cells aitﬂutxdrh% ﬁ#é%?ﬂﬂﬁ/%‘té:ﬂ@ aa& m@&&@lme@%ht&b%% inghBilief 8aRts0f
i schemicltissue after” 25 inplantation of adult en ot'helT al progenitors
- ( KawanobPrsfesatdy; the solatipr id stabilownder the oondltlons of manufacture and storage and
preserved against the contaminating action of ,tmcroorgamsms such as bacteria and
fung) through the use of, for example, parabens, chlorobutanol, phenol, ascorbic a_éid;.
20 thimerosal, and the like. Solutions-of the: invention can be prepared by incorporatihg |

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

};-_‘_( 3 ;"‘ﬁ
A

‘ingredients enumerated above, followed by filtered sterilization.
‘ “Support - matricés in which the vasculogenic -‘progenitor -cells can - Be...
‘incorporetedr-nr embedded -include matrices which are -recipient—compatible and
_ 25  which degrade into products which are not harmful to the recipient. Natural-and/or. =
-synthetic: biodegradable - matrices are. éxamples of such madtrices.  Natural
_Biod‘egradab]e matrices inclade plasma clots, e.g:, derived from a mammal, polyméric -
scaffolds, matrigel and collagen matrices. Synthetic biodegradable matrices
(scaffolds) include synthetic polymers such as polyanhydrides, polyorthoesters, and
30 :polylactic acidf Other examples of synﬁletie polymers and methods of incorporating. . -
or embedding cells into fhese matrices are known in the art. See e.g., US: -Pétt_;-_NO. '
4,298,002 and US. Pat. No. 5,308,701 Thc'se' matrices providé support and\

-
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12001 ; 103: 634-37). and: the neovascul ari zation by adult ..endotheli al

progenitors follow ng cerebral ischema in induced stroke dd&)mg@go(zhang -
ZG et alyq o3fdstfs RES 2002; 90: 284-88) . Thus, accordi ng to yet anot her aspect
of the. pregsel‘r%%i invention there is 30 provided a net ho'EgW%/P‘?é ¥i ng

~or.preventinga vascul ar; disease or condition in a . mammalian subject- The.

nmethod is effected by. adm nistering the vascul ogenic progenl tor cells of

the prepemtction\fentlieoftagite progertdd] AL in Yov AP RS 12908 W2 @f.«? e d
PCT/'1L03/ 00320 32 _Methods of admi nistering the  progeni’tor s of the

" present Uy BhPiush ths V%ﬂﬂ?ﬁ'@#%l’f%ﬁmﬁqm@ﬂﬂaraﬁy iptoorhugeds fatb) metreclplamj ‘ude

|nJectlgnU&% i mplantation o f t he c ells into target sites in the
subjects e cells of the |nvent|on can be insertedr into a delivery

'~ devi ce whi chDiffieehtiatioh@$ tHertinpRetet va0u1byenid ;suog.ﬁ{do?eetg%f' nggﬁtﬁ,&l' on, of the
ude tu : _

5 cells into the subjects. Such delivery devices inc
cat het eP&y '?reoﬁhfe‘?t?ﬁ é’é’t faﬁ@rs:@ngmaam frdruithe surrounding tisenly @f mhp He,em pi ent

oo amiSded P bt el PRFRE i Phcobphoife Browbevien. dmebe
i nt r odufteckximpl, Hbﬁcﬁubqﬁﬁhg BbgeeRiBh 'R ARR kB e t%a‘?&?%&xor colls °f "
a

the |nvent|on can be inserted into such a delivery device, e.g., .

*syri ngeellsihgviagfreer exposedtonRDGERB eieachicse atpopulatibh sm@cﬂﬁdﬁﬁsﬁb@tﬂended in a -
ed i n a support. matrl xwhenc ontained in such a delivery -

devi ce. thﬁeﬂlgg%g&%erei n, the term "solution" includes a carrier or

di | went i n- wiikdehlat Besessel dng &Bditf@ﬁs B ALNA %afe?%'tlﬁth\é' BlGas SPf! ers and.

di luents which can be used. with this aspect resent i nvention

i ncl udeP@%f-lﬂF nt!lvemﬁ!bomsluldgf fcallgeanhlutaminsacqmoéd/evﬁssulaﬂd&ﬂbrd&@ ‘gipgpersion
such.carrjers and diluentg' is well known in the art. The

ggl :J? i of | g %f??@%ﬁ? Py As ‘Ec%ﬁ?fe'fnl* thederm, qongenital gagculan disogrs)

Syr i Ngadafdrd try WXhEAS disoRletd kRBAY  fidhCoeE)! Yhdiafinl Sbc%ﬁ%?ér@dlﬂpﬂteahgt he

condi tions of manufacture and storage an preserved agaln :
cont ani fiﬁéfﬁlpﬂ@ea‘él diserdors. rfiAaquivedyeascalas dsur:ilarsa&cﬁﬁs:ﬁoe\ms&ﬂﬁﬂﬁsm&ét@gl . through®

the USEL f e arabe . chlorobutanol phenol, ascorbic acid, 20
t hi Her 083 lIlmg aﬁear ?’ﬁ‘gnﬁcﬁlgl n‘éaSB‘F ay Wanifestations io§ sysemiciss offcepar ed by

| Ncor padigdabd) GuclP & YRNItiSb é‘s@ﬁl‘ms APoREREdf e er or di l uent .
and, as required, therl 2t mgrgdlgn ednaﬁrr%)rég ed a%ée\g]elg/r?p%ﬁ%m%d by

filt er dBjunst isfars szll ontissue injury resultmg from interrupted or dirmmshe:d blood

supply, and the tissue damagc, especially the mﬂar_nmatory response, -associated with
reestablishing circulation in ischemic tissues. '
20 Conditions which may benefit from such treatment include -isch'é"m'ic
conditions (associated; for example; with myocardial, .brain or peripheral vascular
- ischemia); wo‘qnd healing, tissue grafting (including transplant) and conditions
involving “endothelial celi- 'grou;"th' and proliferation, for e)iﬁm'ple after caronﬁry
angxoplasty stenting or related procedures, re-endothelialization of arterial graﬂs
25 and endothelial regeneration in A-V shunts, €.g.'in renal dialysis patients. Tn view of
the complications .encountered using porcine - progenitor xenografts in primates
(Bubler L et al.-Transplantation -2000; 70:1232-31) the methods -of the present
invention, which can be applied to human stem-‘ceils, are especially suited for
treatment of such-vascular conditions. -
30 Since it was observed herein that the vasculogenic ‘progenitor célls of -the
mvention,. when. exposed to hematopoietic ‘growth factors and cytoki'nés, can be

induced to differentiate .intq blood cell progenitors and mature blood cel'is (Figures

-




Wi ti t fpgesent fiwdmtion Ish\san pYitlslmand’s ndiecatse,0n- type | afcibenta

- Support matri ces in which the vascul ogéni c progenitor cells can be,

“incorporated or enbedded include matrices which are reci n)iSeJuobéﬁBmﬂi'bl e .
cand  200\WhbsBeglegrade into products which are not harnfulk /i]ﬁnfo oreC| pi ent

Nat ural and/or synthetic biodegradable matrices are exarrp es of -such

‘matrices. Natural bi odegradabl e matrices include plasnma clots, e.g.*

derived froma manmal, polyneric “s¥affolds, matrigel and collagen -
mat r i ced- I‘Sy‘lﬁ@ I3&Fdﬁm%ﬁ@hﬁmaécmqm%wg@(ﬂﬁaﬂl@bﬂ@)‘: mvmhgnlemwnt hetic

~ pol yner 0 dride ol rth r and 30 .actl c aci.d.
Brner G f BB BCUKRRE B bSPu R SR B on SorBBioh Ry Cor
‘enmbeddimgmaRlihg sutjéaQ. these matrices are knownin the art. See. e. g,, U. S.

Pat: No. . 4,298,002 and U.S. Pat. No. 5,308,701. These matrices prow de

“support and S_@hmentcamb@effvmbw@mgg@temﬂz@wﬂsw@a(suaxectqmdatect i on fof :

t he f d d .
For i 1 mioh® SRERS dor Fmufiiod sHienfine bl ot A a8 fothi o the
reci pi egalls. %a@&fb?xcaﬂﬁ&é@ése& sHditfIhs Ahat! @ b REART 69%&%{%&9& ORI C
progenitor cells of the invention 5 may be directed factors originating

f r om t hrearner riseinde regngénialiend orcqmingd Hrdood :dusorréaredclbsmqgr disordptsamdat i on

I ncubat i on V\ﬂ th |ineage-specific growt h factors. Thus, for exanpl e,

def ect s"ePglcﬁ'ﬁ‘ lrsiﬁf’sfegenerat i'on of smooth muscle can be treated with cells
having been @xpeRBpIL of FRISiMBRHisdrlerAGRN FoPtr DALY tﬂé‘ﬁﬁeﬂ{ dfmge' n smoot h
muscl e precursors. 10 Vasculr??hdl seease andOCOI’ldItIO s that can be treated
hddes ichaded alswd acqui r ed

vascul a 1sorder hem erf | on i_njury AS used herein, the,x
t er m " ¢ERGERLY t gﬂtB‘Fh VQBr@/él étf’lag Was%‘lgrm‘iﬁﬁ‘%ﬂ”&f‘e , ‘"3
exi sti Ngedehp FHJéhﬁélji‘to gfbﬁh&@&mapah@omé@ma& %ﬁﬁ&:@ﬂ@bw@@ tﬂa&?eéﬁé

di sorders. "Acquired vascular disorders” refers vascu dr sorders 15

ensui ngpregarat bigi the hnethodd uﬂltlrcgpfeemnndaemmnasmukxar vcrmwﬂlebﬁaﬁdi ifadter of
3 aber zg?ﬁqs‘;%&éﬂcﬁ’aé@? Csioractiral i o1 VBT eda e BoioueR ko8 | ury
31 59 LR LASALR Skl nled sl PRIy =0
r eest afulotghg faytmlmdmlavlamrg tha clottrippdafeidncgsues: 20 Condi tions whi ch may
benef i t f ' Or’ﬂls udccﬂtl(tn{ ?{? tﬂr]rg I’;i \I.rgxﬁén%%gecll Stﬁgrg{:&fm applications, :vasculogenic
progenitor cells isolated and prepared by the methods of the present invention canbe. -
used to provide vascularization of non-vascular, or inherently poorly vascularized
20 tissue. It will be appreciated that one of the most mmportant challenges faéing the
- field-of tissue. engineering is the adequate perfusion: of tissue and organs prcpared in - .
vitro for implantation. To date, most tissue engineering methods ‘have relied. on 7 | | ;’} ‘
- microporous_ supports - and vasculanzauon from -the host to provide pennanent' '
engraﬁment and transfer of oxygen and- nutrients, -with wvarying .and:- often .
25 - unpredictable- results, . especially ‘where thick, complex tissues - (e.g.: liver) are |
concemed. Omne alternative approach -is the fabrication of “vascular”-channels. in
silicon by mieromachining, for population by mixed hepatocytes and endothelial cells |
in vitro (Kaibara S et al. Tissue Eng 2000;6:105-07). In another approach-more

closely mimicking normal development, endothelial cells have been cocultured with

30 skin (Black AF et.al, Cell Biol Toxicol 1999;15:81-90) or adipose (Frerich B et al

Int J Oral Maxi;]-lofgc Surg 2001;30:414-20) cells to provide a vaseuilar network- for
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stiml at?

' _‘COI‘ldItIOI’lS (associated, for exanple, wth nyocardi aI brain or peri' pheral'

vascul ar ischenia), vvound heal i ng, tissue grafting (| nchgdidnghet @y pl ant )

and c i nvol ving endothelial cell growth and | iferation, for
R 3@ 2‘%9%#%%%

exanpl-e after coronary angiopl asty, scenti ng or relat _
" re-endothelialization of arterial grafts, 25 and endotheli al regenerat I on

in AN shunts, e.g. in renal dialysi¥® patients. In view of t'he
conpl i cthei WIH§MWM Bosgvers inoge have ibeen pragssfilt br exginegingf disblen primates

‘(Buhl-er . ntati on 2000, 70:1232-31) the net hods of the
present m‘?iﬂ{}%ﬁftﬁ VS’?F“ E‘iﬁ |

especial |y sybhededRlling 16 § RurliRDbis st SPEB pKASHIh AlndBRNALL 18535 w%%es' nce it

was observed herein that ‘t he vas

S¥EH be applied to human stemcells, are

ogem progem
i nvent i amethathefivasaiaizng 4 manenaianpisset | Thamehtd if a&édwdSb)aadaﬁmgokl nes, can
be Jnduced to. differentiate into blood cel] progenitors and mature blood

cel 1% (i RRHANC 6OV A ECBE 0RO W 3p DS 72 cortpaliagsitipn Setls: 3uth 2K- M and
3D-F, r I I f m/ent i.on can
ol s0’ potaaaehiaH Esflo w e KARRUMOEEML AR AT Moo i gk dfogeieo " °2"
condi t | pregemiton ceflsmingd i eodothebipleand sSuadth tmeatdrestls.cal meepletsiad by

adm ni ste{Il 81 {u cells nto a subject under 5 conditions suitable for .
‘aﬂ ef‘ %“%Sﬁwaﬁcﬁlﬁméﬁ&é{mﬂfaawlmsm ood ceI 1s.

ol o0 o hage 8, LA R A1 U F b,

.this manner 1nclude cong acquire clotting -
di sur dehepatougites,mpifsimst ind dtrmebeds, ﬁmr@ﬁarmdl Bofd célls%?hhplﬁﬂtaﬁbﬁor der

-5 suitablg for. trtgat ment hy the net hod ofthe to present invention is von'
W11 ebrapRiating

* endot helgealvuofs WELLARY ARHE LI RS AE! Sl oy aduchng Lhg o present

¢ Lesue vyt %él@reﬂmﬁwfm@gﬂm@mﬂwwlb@n@s@nrcy in the

I nvention t O practice was a covere

ndot hel éngineeredl tisue prhinaned; Hydddiedkibostove 'udamlﬁ e maﬂmﬁhon contain-

von. W lebrand.. factor, (Figures 3A-G and 4A-B us, endothelial cells
or. endiFEHEFiRpE P%rlf‘lfﬁ@ﬁllfldﬁt‘%d?ﬂ% tgAmplntaien inte dhe hestiongamni,om,in or ‘
CoNpROSI §i,@NSnot A€ iste producing the. clotting. factor

BT g Nt Ia gleegfoug 1mﬁ e e?c?%n%)é;gmlgn U ¢ 3tn8thteﬁepr§ FGement i oned
t her apeambaiinapg] ﬁnea:ta:mnshanwmwisag@mtﬁyomc tissue, prepared for 1mp1antat10n

" . into adult host organism, or for implantation and growth as an embryo.
While reducing the present invention to practice, it was also observed that the |
cells larger than 50.pm retained by the size selection ste-f} of the prescﬂt.ﬁefhédolcjgy_' _
20 comprise a population enriched in smooth muscle cells precursors, expressing
characteristic - epithelial -cell markers --and -morphology (Figures. 1H fand.‘ 1G, |
. respectively).: - | o . _
- Thus, tlic_-pr.esen,t mvention also provides a method of prepaiing‘;epit'-h_c'liél--;
_progenitor cells from undifferentiated ES cells.. The method is effected by cultur_i-ﬁgr '
25 the undifferentiated ES cells in a - manner Asui.table for -differentiation --intb,.
vasculogenic progenitor cells and isolating -cells larger than_.SO--'pm. - Conditions. for
calture of the epithelial precursors; and their differentiation into smooth muscle cells,
- were substantially similar to those detailed herein for the vasculogenic progenitor-
cells, with substitution of smooth-muscle or epithelial grd_wth factors;:such as PDGF-
30 - BB, in place of endothelial or vasculogenic.growth factors. . However; it was noted.
that the epithelial and smooth muscle cells lack .the proliferative, capacity of th'é;

smaller, vasculogenic progenttor cells.




‘progenitor cells isolated and prepared by the nethods of the present
invention can be used to provide vascul arization of non-gaxgsderDOO@r
i nher ofd bifogaer | Y vascul arized 20 tissue: It. will be apprResases that one,
of. the nost inportant challenges facing the field.of tissueertgineenng is :
.the adequate perfusion of tissue and organs prepared: in vitro for -
i mpl antation. To date, nost tissue3@&ngi neering nethods have relied on '
m cr opor ous Asluptpwagcslaantiksuasis ut@nprsad of éndutheliak dads epitielipl axilge per manent
“engrafipent .and transfer of oxygen and .- nuytrients, wth varying and= :
often §§tlﬁaﬁ§@gi¢c$’ab%e,rl@gmhpkqu%ﬁs@i@mlgﬁrwrwlhascﬂqcae MANEX tissues
(e. .. gld-¥E) @FL. ! cerned. sOneq akt ¢ LVe. apkr gach i,s. .t he fabrication
of '"-vaggilﬂ,]g%' o rger?rt]grf?élﬁ&fsgfo‘ilstp |§0(§€1tkc{)r§@n%%%%ﬁn%c mﬁﬁ%pf ég?;u%’gguﬁcgt_i on by
nm xed. bafiaeomykasictetonidnitieliatescaict and flowdytormety kae Yor exampaé, al . Ti ssue

-07)_ | n anot her appro nore closely mmcking normal -

Kk

dovel OBt ECombmRrEIDG chrts” BRimolnset g0l d7dal o nmebiogiine (Black nF
Oal WEEPRLPhSr GG I bRl Mo AR AR BBt % ork,

for 16efnsive and QRffici® TBOSSIABLNLPPradiNdd Grid A BbtholNI6S i pidsard ti ssue.

However, none have been successful in engineering viable, 1nplantable
vascul #ventden mrg bgsmployeddo 1spdate pad perpets eclisiffain dps@udasdissucops Wit present

N ' - . ded, hod of vaseul.ari zi | i ' :
the mobhael SRATIEUBEAL R el T Bt ARRARLA, P Sl o

- Pr egenivisettar figuk Sr@dissce ik ES) indehabhtal, (R chdywhtidmean® 57 dsafypbinicrsue under .
conditions suitable ford ifferentiation o f the vascul ogenic progenitor
cel | s, coliagenasp qbigeripnalo ablgins aupied inepelasionetf  dissociated mells, pimdf ber ed : ?

enbodi. Al h an ot ey .engj neered. non-vascyl ar ,tissue.
Exanp! Stsr GHENTIF sh b Pl oot RANATS RS Rt it ea 1o
hepat oRMeRSfor @R U@kiBbeni@ pEbefitomelce  dimilaPRNSAROLpilefiRcdMOREn 86! | S for
impl antation. Contacting the tissue with the differentiating vascul ogenic
pr ogenisphitedc dramy wsenldre tigsue bycal siuiler imetbedi ydicrdnntiier retaived oslla, . por ous

scaffold. .as is commonly used in - epgineered tissye architecture, as’ '
defi | BPYI o&(%eggagg{)anéﬁdt@c Ch&‘?ﬂ%@ghﬁﬁ%%i 'ﬁﬁoﬁ?‘fﬁ‘%‘&ue can be performed in
vitro, prior to inplantation into.the.host organism or. in 15 vivo, into a

previously inplanted or existing tissue. In another: preferred enbodinent,.
the mammalian tissue i's an enbEfeMPIESsue, prepared for inplantation -

Reference is riow made to the following éxamples, which together with the
above descriptions, illustrate the invention in a non limiting fashion.
20 * ‘Generally, the¢ nomenclature -used: herein -and “the -laboratory procedares

wtilized in the present invention-include molecular, bioc’hem'ical,- ‘microbielogical and -

recombinant DNA techniques. Such techniques are thoroughly explained in the
liferature. See, for example, "Molecular Cloning: A laboratory Manual” Sambrook et
 al,; (1989); "Current Protocols ini Molecular Biology" Volumes I-IT Ausubel, R. M.,

25 ed. (1994); Ausubel et al., "Current Protocols in Moleciilar Biology", John W‘iley.‘and ‘
Sons, Baltimore, Maryland (1989); Perbal, "A -Practical Guide to ‘Molecular
‘Cloning", John Wiley & Soms,” New York (1988); Watson et al, "Reconibinant
DNA", Scientific American Books, Néw York; Bit'g"én et al. (eds) "Genome Analysis:-

A Laboratory Manual Series”, Vols. 1-4; Cold Spring Harbor Laboratory Press, New

30 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, "Cgl]‘ Biology: A Laboratory Handbdc_:k”;r- .- :
Volumes I-11X ,Cel!i.s,,J. E., ed. (1994); "C—urren; Pfotoc,dls in 'hnmunology" Volumes:

-




" into adult host organi sm or for irrpl"é-nt ation and growth as an enbryo.
- Wil e reducing the present invention to practice, it wasglx@upseiged that

the c@ld sdsieger than 50 pin retained by the size sel egl] ep of the
.present . nethodol ogy 20 conprise a popul ation enri che'gé*’ﬁa'gfr?"

(D

b5th nuscl e

‘cells precursors, expressrng characteristic epithelial cel'l markers and

'm)rphol ogy (Figures. 1H 'and 16, Tramspectively). Thus, the, present

i nvent i bHI Goligarpi 0B, dds(1994); Beitdsod (eﬁs)epmsmgn@mmr Irfdtnundibg@eni t or

cells f tiated ES cells: The nethod is effected by culturing
55 the (IO PREiRE RSLvse) Sorialks (P4 Misiell @nficohit (edent | at | 0
i nt |, | han 50: :
e, VassHRReNhAE WIURRE IBELLSIARE, U A0y GBS, | REgerohan S0:m

Condi ti ons culture o he ‘ep | precu
di f f er e{1OBa); nosilabid mmdaymexeneﬁblysdescﬂ&mn mr@@bh@kd;amﬁicm lar to

't hose det ail ed herein for the vascul ogeni e enitor cells, wth

subsk i t WerasHeorses gt xamrle) &8y Rapi Nos |3a7 at h8IKETTr 3,850,962 as PDGF

30 B13, C d G.U L€ gromh factars,., However;
Rt AR e L e Rt e il S%US%W 5555 the
pr ol i f €3,896,945;c apAc4074.0f 4;09@ 876/mald, gyg,zng@scsrbpgm c agaogggg; AR cells. 16

Cct ober 2006 WO 03/ 087296 PCT/ 1 L03/ 00320 36 Adult vascular tissue is
conpri sédigonuglgeffardynthgsisy r@mbﬁﬂt hekdal1984);| ‘Nuclei¢ étcndwlgll)’bsﬂﬂabtll@"by si ze,

“mor phol g , a Iocatron Current |
rrethods or % s&%%ﬁ vas@sg Eﬂﬂ“‘i‘w Sdr?’S ﬂ » surface

mar ieer ﬂeﬁecampﬂlgglmnpfbu@r(egmnemm CHPCuinifcO e LdhYie Sﬁer Lor exanple,
5 Kevil EG and Bullard DC Acta Phy5| ol Scand 2001; 173: 151-57)’, meking the -

" Z prepar &1P80; ohmmaigedelemdEnpmask PoE fress: HOB6R "Adttaqmqah@mdccml ture

the. mooRaneusf Rk Eadit o' okl R vial S i keipeloey VAL DL AT and

pr epar eA@eisc. FIress, ve&;mlmtacbﬁr,su& G%iile“ﬁ'ol Méhods' gmdUQgJ fitalogRt i ated stem:
celts- In a preferred enbodi ment, the cells of the 10 v deat ar ti ssue are

d| ssociAtadamps Pﬁ@éh§h¢ dakgo, o@Aeﬂ?%htM@mwams abudBtrategies YpsProtein g
ag to.obtain a ul atign o ogiated cells, .
dJ 5 h?nﬂ%ﬁ%ﬁﬂ1 a(@ﬁ%?‘ftg?z B8 gb[}’?l[} %&d@?‘l’fé‘l’ F“”@L %iﬁs rféFt';ed by size’
sel ect i(@9o@)s aﬂ%’f&lﬂl@ﬁare md}at%@bytreerereéayrmﬁ? s6t BHAIRRIL 0DuRE! | S-

Simlarly, adult epithelial cells”can be isolated fromvascular tissue by |
a si m |egheraheaferences e petvidedhibroughentnibis detufnent.  The procedures- therein

are believed to be well known in the art and are provided for the convenience of the
reader. _
20 " Unless otherwise defined, al! technical and scientific terms used herein have
the same meaning as commonly understood by, one:of ordinary skill in the art to-
~_which this invention belong's.r Although methods and materials similar.or equivalent -
to those "described herein can be used in the. practice or testing of the present
- invention, suitable methods and materials are described below. -
25 = Materials and Methods
Cell Culture , . - . ,
~ Undifferentiating human embryonic stem (hES) cells(H9.2, H13) were grown
.on --inactivatedﬁ:rﬁouse-embryonic-feader layer. (MEF) as previously described ‘(Amit
M, et al. Dev Biol 2000; 227: 271-78), in 80% knock-out DMEM medium (no
30 pyruvate, high glucose formulation; Life Technologies Inc., Rockville, Maryland
_ USA)- supplemented. with 20% FBS (HyClone, Logan, Utah, [JSA), or serum
replacemeﬁt and- bFGF, 1..mM’ L-glutamine, 0.1 -miM - mercaptoethanol, and. _1-%

-




15 popul ati on (greater than 50 pin), rich in epithelial cel Is, is
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| aboratory procedures utilized in the present invention include nDIecuIar
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- "Mol ecul eﬁr d oning: A laborat ory Manual " Sanbrook et al (1989 "Current -
. Prot ocorsll§ welrvtrr@eﬁrdaﬁ% e Sgger 1T vies ERTA SmiYsypelementedyyith 186 = |

urey) . saueultle Shuflrms GHElE0TSaR! 06, Bk AT %g@it%ﬁé%%ga J%Td'e o7
I\/bl ecul asingGh i pg: medl mnramkf QBel&oﬁ;Ol]Bclﬁl@NnYﬁxﬁd( Qo] W/Ysvepisewary, at,

. Reconbr nant Scientific Amrerican Books, New York Birren et aI
(edsy " Bedfond F-&Ssﬂ)s A Laboratory Manual Series", Vots. 1-4, Cold

Forth’ E“"‘Lb‘é%tﬁﬁ?ér%%‘éﬁﬁf’%@é@wﬁ%%% R TR LRG3 ot
5, 272, O%dilageRebhtei (BbaBN Dibkih®a i QbYS HARROCK, U SXPbEUES), b akih- Cel i s, . J.
E., ed. (1994); "Current Protocols in |nmunol ogy" Vol unes 16 Cctober 2006

VO 03/ 089ated( filgaicd $ro S8 Louis MO} UBAI) bguell dishes at agpncgntatian of St.i tes et

ot e B Ol AR g R M e R BR T S
Cel hgl arretmAMISMMOmE, RObkvitle, EH?GUB %@ 16 enteMOWHY90% FREIBEIoRyal | abl e

| mmunoassays are. extensrvely descri in the patent and screntrfrc 5
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Cel 1% aMF EfSSAfsat PRNIS, && S’f‘””(‘l9??‘6)“"79‘3' I Ijrcgt”lgf”&éﬂoaa}r é’éﬁ?s)'(B%‘P‘ecul ar
d oni ngpifehdal andEto $ah 984, @@%S%Wﬁ@ﬁrénﬁaﬁ&?mhﬁﬂhee\é‘%ve ek 7
Acadenic Press; "PCR Protocols:. A Guide To Methods And Appli catr ons"

hVEGF.Gs 56ng/ml or . hPDGE-BB 10ng/mt (both from R&D Systems Inc,

Minneapolis, MN, USA) for an additional 10-12 days. - .

Collagen gel and Matrigél 3-D vascularization assays
20 Before three -dintensional .culture; . filtrated . cells cultured- for 6 -days in

differentiation medium were harvested with EDTA-(5 ‘mM) and 0.3-0.5X10% cells per

T
o

ml were incubated in -differentiation’ medium containing SOng/ml VEGFes and
hWPDGF-BB 10ng/ml on uncoated petri dishes (Ein-Shemer Industries; Isracl) for
maximum of 24 hours to induce aggregation. Forthe collagen gel assay, aggregates

.25 were restispended in 2X differentiation medium and mixed with an-isovohime of
rattail collagen I (3 mg/mi) (F.Hoffman-La Roche Ltd, Basel, Switzerland). Initially, -
~250 jal of this mixture was plated in 24-well dishes, which was allowed. to polymerize
for 15 min at 37°C, before adding 500 pl of differentiation medium supplemen-ted
with the samé growth factors. Forthe Matrigel assay, 24-well dishes were coated

30 with 380l of Matrigel (Becton Dickinson and Co, San Jose, CA, USA), incubated .
30 min at 37°C, and aggregates were seeded on the matrigel: in. dlfferenuatlon -

medium containing hVEGF (50ng/ m}) and hPDGF-BB (10ng/ ml). n some assays,

-




Acadenic Press, San Diego, CA (1990); Marshak et aL, ‘"Strategies for
~Protein 15 Purification and : Characterization A Labor at ¢sYctamer sgogvanual *

CSHL Rg 96); all of which are incorporated by r o I if fully
set fo‘?teﬁ)%ﬁg&g‘?n. O her general references are provi d?ﬁf Er oﬁoggof)ut this .
docunent. The procedures therein "are believed to be well known in the art
and are provided for the conveni enc of the reader. 20 Unl ess otherw se
def i ned?8EAF8AGS KR TeaSPailgd Stifhim the Matrigddr (Becioaddickinsen mni i, Savhe sane

meani ngy As mg:sr},l -under st-00 .One.-ofr hnar v skill, in.ghe.art to:
- which tﬁ?g’ (?%\’/ent |%F\M{§Ig?%%g§ %ﬁﬁéggﬁ%ﬁeﬁ‘gﬂé‘gﬁa%8§%? Ll}elngags Yi'Wirar or
~ equi val differentiatisrhmdivtie sithingg M'G'FmSoﬁggimba‘ndslﬁmti}p-gmQl‘m{ga,q_m});ce or -

- testing_of the present invention, suitable nethods and materials are -
descr i bEeF. albassei cdls Were apqubnted Sord7-12 dapdand walyzedusing contorstiphéser ent i at i ng

- hu e |.Ce S Il ‘ ] were grown on inactivated
.rmzzsg e%%%ﬁ#%(@@ggébﬁ%%@I(tﬁig{lggb%gépinrl%v ‘ously described (Amit M et .
al . Dev Bi ol S&ijfodd vakédlarizdiion’8) , in 80% - knock-out: . DVEM nedi um (no 30 .
pyruvat e, hisigébl | ucose formul ation; Life Technologies Inc., Rockville,

Maryl and U lalgimate acafiold(ShepireBIndigedien e Biomagamals 18%h18:USA) , or

So6 16" SR RaeRALy BB T, Pl hadt SR sesd ol BRI BhA 0t o acia
stock (Shebe, Heehnalsalisaibeabove, BRckuftblde wokbsecd@fvithMaSous 8ld BSMer e renmoved

fromthe feeder |ayer using EDTA 5mM suppl emented with 1% fetal bovine
ser ¥ (fetisergeates peepared ga wesanbath hexgmmaporss approspeatelyd.5-d.GXA0] esllsel 1 s . usi ng

~y a 40 7 ai . D cki Di s L , 5
) Bedt of o pebed Ber Bt Bk e EPHARIRE A affet IO Weatd Tl colrs
- vere pl ditfednmidnyediny supplehRERE-witabo/hBAGt R, Dakk il 59m1 @an@fs o, S an Jo

se, CA_ _ USA or 0.1-%g elatin- coated (Signma Chem cal ., St Louis M
USA) 6-FBi| dishes. at a concentration of = 5X104 cells/cn®,in - -

di fferenti atjon i um.consi sting of al pha MEM nedium (Life to Technol ogi es
I nc., Rockvi#?’é’?%e%ﬁgﬁﬁmguﬂﬁ‘fyenent ed with 10% FBS (Hyd one, Logan, UT, .

USA)s and 0. idhatdpsietic pReshitanabiilifyewie abnehaghas by Beedind Gkiatéd | €,
VEGF-treated, VE-cad+ ESH cells, as single cells, 1-2 X 10° cells per- plate; in .

semisolid media supplemented with cytokines -(Methocult GF+ media; StemCell
Technologies, Vancouver BC) (for details of the assay, see Kaufman DS et al, PNAS
- 2001;98:10716-21).  Afier 14 days incubation, the plates’ were scored. for colony-
20 forming units (CFU), according to standard _criten'a [Eaves C -ﬁnd‘_Larnbie-,K Atlas of "
Human Hematopeietic Colonies. (1995); StemCell Technologies, Vancouver; BC}. -
Immunostaining, Dil-Ac-LDL and BrdU. z'—ncbrporation - |
Cultured cells. were. fixed in situ by incubation with 4% paraformaldehydé_
(Sigma-Aldrich Corp., St Louis, MO, USA) in phosphate buffered saline (PBS) (Life
25 Technologies Inc:, Rockville, MD, USA) for 30 min at room temperature. After
washing with .PBS, cells. were. stained according to suppliets instructions. with
relevant primary.antibodies: goat anti human KDR (R&D Systems Inc, Minneapolis,
MN, USA), mouse anti hCD31, mouse anti h SMA, mouse anti. hCalponin, moils‘c
anti. h Smooth muscle myosin heavy chain (all from DAKO.Corp, Carpenteria, CA,
30 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




MD, USA). On day 6. of culture cells were filtered t hrough a 40 m nesh
strai-ner (Becton, Dickinson and Co, Discovery Labware, Bedfceatdr 2005 USA)
and wewe osasabyzed or recultured for further differentipét@binbse .

‘reculture, the strained. cells 15 were seeded at 2.5X104 cells/cn2 on type.
IV col | agen coated di shes (Benton %cki nson and Co, San Jose, CA, USA) in
- differentiation. pedium (see,ahove ith hVEGF165 SOng/ ml or hPDGF- BB '
| ong/ “‘fﬁ%af‘?fp ‘f"ftgerﬁe‘??&@ﬁé'y%f#@ tep glone. \pmHBAYPEd cullnes wery exagtineth -
addi ti ol phBtob2pdlay SusifP! diageRaael »aad Mt (af -Dvascul-arizati on assays
phBrodrap sitP| iR%&Re e nﬂ?&?ﬁ\?&t g%%cpgjls O‘ﬁ?i%%l 0 dﬁt?

20 -Before. three dinensional culture, | sSTcul'tured Tor. 6 days

~i'n  di f Hembwigj Giiibdh. nedi um were harvested wi th EDTA (5 mM) and-0.3-0.5X106 .
ccell's per nlL were incubated in differentiation medium_containi-ng SOng/ m
VEGFL65. and THBkecel DOR{sPred o oGt Ber pBS ocle SRS inGEbHebeRer
| ndystrj | priped o1 ; ‘ S.<l10. 1 Bduce. agaregatjon. For.the
col | agen('ﬁf':;g/ﬁetln assa)‘/),)e l?gggrlérgjgf%s %?ﬁc@gg scgelﬁ%éggj:ﬁ%ﬁ?i’ W?‘Z# tiation
medi um fomdhnit 3g8C wiRolloating Anvibdtione cals wert wadted Qotilnag e¥itd PBS. ARd )

( F.Hof f map- Roche Ltd, Basel, Switzerland). Initially, .25’0_ Nl of this -
m xt ure s‘lvgl'pé‘f"é’ﬂmilﬂdeiﬂ'd&é‘f’# 38 wiades, wrraHedaanda phetaetepbel peingreeri ze for

15 min g§ ' a@ﬂ % g‘ cof difterentiation medi um suppl enented
with the %%%egﬂg&rf%\g&%ﬁ&%a t%@gu réagﬁg’%&%gﬂ%}%éﬁg%@)‘m-ml | dishes were -
coated. 30 viBidty B@Orpochtioh iVESH galtueBant ARffbleshathiEofeiRNHas Quamads Jose, CA,
US{A?(,’ i ngubated. 30.mn at 37C, and a ates were seeded on the matrigel

i 110 FessnBraly siaminghay (GrmedbhatsiTac.n gllrrﬂ?r Rragiggo, 4), U inelig--BB (| Ong/

M) . | S S SRR acheG - 20Q6. 03/08,7296 PCT/.]1 103/ 20 39 = .,
aggr eg;ht es \Mg?l é reslggsc%‘gﬁ%eiéf W %E'ﬂ%%%g%{%]&‘“%{”égﬁs f“%ﬁdcﬁ?%g’&n and Coi.d
San  JasstureCmediubiSAhd addedlntind célfy oviinight) Bllowed By &Rs pesheasRdded t o t
hew ells wth differentiation mediumcontaining hVEG- (50ng. 1m’) and
hPDGF- Hiation Mathy 15% ethanm]and specifies Bydl) immiunostasring.i ncubat ed for - 7- 12 days
and anal yze i ng.contrast-phase 5 mcroscope (O ynmpus Optical Co Ltd;
Hanbur g. ngﬁ&]'?‘.m‘%é'ﬁf'?%‘f’ﬁ vascul ari zation LF120 50 I d alginate scaffold -
(Shapiro L ageli ke ciradiiaatein@inmé@9fickSicen&Bhinas oK bRtoaspr ovi ded by
Prof Smadar GCohen .(Ben. Gurion University, Beer Sheba, srael_l)%r As

descr i ileacriisd (Beuhineft Bogtiab) Hat Risterh290448: 1 34): Bridilyufiltenseaiagid

'ESH cells were recultured; as described above, in differentiation medium -(alpha -

MEM, 10% FBS and 0.1 B-mercaptoethanol) on type TV collagen plates for 12-20

hours, fixed and assayed for expression of specific cel-type markers with anti human
20 VE-Cadherin- (Santa Cruz Biotechnology, Inc., Santa Cruz,” CA, USA), and antt
- human KDR (R&D Systems Inc; Minneapolis, MN, USA). At Jeast one hundred-aiid
fty cells were scored ‘w-itﬁri‘n random::ﬁéljdé (X100) for the expression of each of ?
these markers, and éxperiments were repeated at Icast three times. |
' Histalomorphology,andItnrnunbhisiachemical analysis. _
25 - ~Matrigel or collagen gel containing cells (as describe for the Collagenr géland
Matngel 3-D -vascularization assays hereinabove) were plated as' described above
onto glass cover slips, in 24-well dishes.' Upon Compietiori of treatments, the cell--
containing gel blocks on cover § lips were fixed in 10% nentral-buffered f er.m’a"!i'n,'
dehydrated in- gradudted  alcohol baths (70%-100%), -and emi)cddéd- in paraffin. =~
30  Where used, the alginate scaffolds. were directly dehydrated -in 'graduated' alcokiol.
For general histomorphelogy, 1-8 um sections were stained with hematoxylin/eosin

or toluidine blue.. Deparaffinized sections were -infirnunostained-wiﬂl 'thé':}eleirarit

-




-to cell aggregates prepared as descri bed herei nabove;: approxi mately '
05-1.0: X106 cells were seeded per scaffold. The cell - castGritsiengo®caf f ol ds
were tg,gﬁjaﬂlﬁ&gred. in differentiation medium suppl enented with 50ng/m
- VEGF165 "an g/m hPDGF- BB. Hematopoietic Col ony Assh§TE348:4t opoietic
- progenitor capability was denponstrated by seeding filtrated, VEG-treated, .
VE-cad+ ESH cells, as single cells,41-2 X 105 cells per plate, in . . R
seni sol primamdinibsdipp| usineri AB wistahniny kit DRSO .Covp) DapeitbriSen, TSR, .
St entCel | _T«ﬁchntg_l.logi es, ,Vanc%&wgﬁ BO). (for details of the assay, see _
Kauf i naff 5§Me N TISgRaRaingg fut R &8 Fystems. Ing (Minngapolisy MNndifk i on, the
pl at M Wek-r P8 00 £ Y; f.or m Noq LS LGEY) . accordi ng to standard
-criter Y‘%ﬁ?ﬁ%sﬁcﬂgﬁg@%gﬁ?efr%ﬁu%ﬁn‘% ﬁtg%un%énc r’r’a‘?%rﬁ'o'?“gw_% ?ﬂﬁfom'es
( 1995) ; pistegrajhed rliendsnopicalyes X 10anca0dvaagniB&ition. | munostai ning, Dii Ac-LDL
and Brdu in;%r‘%%r tion Cultured cells :were. fixed in situ by incubation
with 4% p at 4 r“?&‘fllﬁﬁyde (Sigma-Aldrich Corp, St Louis, MO .USA) in.

phosphat € bugf{ ' : (4 ey LS, C...<Rockvillie,, -~
MD, USA) fo?é%%r i ]rrlésgﬂtnh%o%@%g%%g?%@ﬂ%gm%mﬁwé@' cells wem™
st ai neccadc woralidageted s phiified Gont. ulkd it@oSsivb-tépardted @anh ES cell B
prl mary: . apti bodjes; tr%Qat a‘Pti human KDR (R&D Systems Inc, Mnneapolis, — =
VN, USAPPUlAions alter filtpiemand sepacate reqpituring aspiype k¥ solagam ps dds@abedoni n, nouse.

anti h t ' [ f1of ) r rpenteria, .-
Ch 30 B0, Tobar kR, TS B R v b A KBS et B r By, inc.
Santoa GBS, incibated Sith, hi4KOEIGadherinafSagt €hizaBidtéshnd > InBDWaRaNti h
Snoot heli n ﬁglém\l Intn' |, Inc. Tenecula, CA USA). Controls consisted
of cel I'§u%6Chot'dba) oobwnamgIdR) Fek g¥ystaary o Mposa@lisOMN,U8AM ed with
second t. ' I : ' LN | t ures re exanmined and
phot og ﬁgééﬁg@d dl? g ?ﬁ%&?fegoéptra}gl gle‘hc@é gﬁﬂ%ﬁ% §%§8§§ aﬁ@%ﬁ%ﬂu B vers Pnz{%zeﬁt d, -
* Hanbur gisin@HFABSCalibtakBermtbn Dhickirsah ednad Gog -$dal Josel | EAT ek GSHige! | s were
I ncubat W {J%§ 5 10pg/m_Dill-labeled ac-LDL (Bironedical Technol ogies -

I nc. , éfﬁ'u‘g‘i«l T gofiwarsAfN bogh agggyatcelly geacked] wiihiiseepridnaibedieoonlycel | s were
wasfzed sgrvtehgﬁé Wdah PBS, fixed wth 4% paraformal dehyde for 30 m nutes, -
exani ned an ‘p%ot ogr aphed using a ' S - '

- Electron Microscopy

R

Cell seeded in Matrigel or collagen gel were fixed for one hour in 3%
glutaraldehyde, in 0.1M sedium cacodylate and then post-fixed. in 1% sy in
veronal-acetate buffer for 1 hour. Preparation for electron microscopy analysis was

20 performed according .to standard procedure at the Pathology -chargmf:nt' of the
Rambam Medical Center, Haifa, Isracl. Briefly, the cells were stained with lead-
citfate, dehydrated and embedded in Epon resin. Sections were. cut at a thickness:of
600A using a diamond knife, examined and photographed. using .a JEM—IOOSX
electron microscopC'. | .

25 Reverse Transcription (R DJ’CI} analysis

Total RNA was extracted from progenitors and different lineage cells using
TriReagent (Sigma-Aldrich - Corp., St Louis, MO, USA) . -agcérding to thé
manufacturer’s instructions. Total RNA was. quantified by UV spectréphptomeuy,
and 1 pg was used for each RT sample. RNA was reverse lrans_gxibéd with M-MLV

30" Reverse Transcriptase (Promega Corp., Madison, WI, USA) and oligo {dT) primers
{Promega Corp., Madison, WI, USA) accordin_g to manufactﬁrer’é in;ttﬁqtigns. _P___CR

i

amplification of the selected transcripts was. done with BIOTAQ ™ DilA

v




fluorescent mcroscope (A ynmpus QOtlcaI Co,  Ltd. Hanburg, GrbH). -
BrdUi ncorporation in ESH cultures and differentiating cellé®ciater 20GaT ned

10 USIW@oamezd&J staining kit (Zymed Labs Inc., South SagFhanehsHeo, CA
- USA)in-situ, according to manufacturers i nstructlons Briefly, BrduU

- sol utlon was diluted 1:100 in 1A culture nedium and added to the cells
overnight, followed by two PBS wash@s, fixation with 75% et hanol and
specifi Bolpmetise (RMHINEAL GopbH H,uukeuqulde,rﬁ@rypay)llﬁnr@l LiE6ART preztnar act eri zed
u3| ng i nmunof |.uor esc ee stai nlfggtgas previously-. described (Reubi noff BE et

NeROTBIGEUh H5eHs 11810 | PRYACHEGTY IRGIICIONY - of SOy SP%E MeSi cel I's were
recul tu&ﬁféen@asmm&mamq ﬁmfwag @amurstfa& '(ﬁﬁfcbt%ﬁ 'bewye%u'ms& \oha  MEM 10%

FBS and 0.1 J3-nercapt oet hano type I'V-col'l agenpl ates or 12-20"
hours, dluanadatlandesaksayﬂﬂ KT}PC&(@sgssﬂmnmﬁbespé@m cyodmlfbf tachesetof kers with

ant| human 20 VE- er| n. E@%ﬁa Cruz Bi tech Inc., Santa Cruz, CA
USA)S, aRimereyas TBEALTADRC § E‘e Wlﬂ'rég%‘eﬂl o addigionygl) - At | east
one hungred¥@ides fvefd %ajsggéd  JRlPe P Tifted nrbfftﬁsl%%meg&sﬂlﬂg géﬁémo) for

t he expression of eac experi nmen repeated at .

| east tOGAPDOH bsvmsintdrhaltstdnd o mﬁiloq;dnamk dﬁdtmumodsllmed&amﬂ:ﬁimﬁaal ysis 25
- Matrig %48 col | agen_ gel containi ng cells (as describe for the Collagen gel

and Vet obpt sam; Jallawaddy 4P sxcles Gafrel rembernpiel bslowd o€ (B) #6d as

of i1 eathanre h Al RRbPANEICE, ABRd Bl el B 2R e e

fixmd i30sek, Onchuding with atfishf Brosid eﬁctﬂh&bﬁlalt 12°C stathy it O gbrnctotideat ed
al cohol baths (70% 100%, and enbedded in paraffin. 30 Were used, the o
al gi nat Peedisraopfigens wereeasdollews: grsmanizsyalesda o0 & é‘éﬁ&@@@ﬁaﬁ@%J For f? -

e onll 3] JERCANbRAY ol PIORORL ! 989, VENfoiin 2uIS Tl 60 G

henmat oxXyl'i n/ eosi n ul d ne par Nz wer e

i mu noS(ﬁﬁimmﬂxrw H lat alhEne rie Canesn (Prk8 CRbDU®Os 280 645NV 3187 389G cles,
PCT/1L03/ 00320 41 EI‘I mary anti bodi es, using LSAB+ staining Kit (DAKO Corp,

Car pent & i6&.C, Ghorclam chigll m%@sﬁﬁhﬁwlwllaqoulﬂ&@%ﬁﬂenﬁ | nc,
M peanelicde, WhelE, gFPeC & G GieRarine Ut ek R g HBebnan0
~ magni i g8t 245)FR6keMa@, y3sc¢ycles, Ta 60 °C (Duplaa, C. et al, Circ Res.
1997;80:159); GATA2, 35ecycles, Ta ‘55 °C (Kaufman DS et al. PNAS 2’001;
- 98:10716); AC133, 3 2cyéles, Ta 60 °C: (Shamblott MJ et al, PNAS 2001;98:113);
_ Tie2,35cycles, Ta 60°C (Abmad,S et al, Cancer 2001;92:1138); CD31, 32c§clés Ta
20 60 °C (Quarmby, S et al: Asterio Thrombe Vas Biol'1999'-19'58'8‘—97)"Ta1 1, 40 'cyéié's
| Fa 53 °C (Kaufman DS et al. PNAS 2001; 98: 10716), GAPDH, 320yc]es, Ta 60- °C
(Itskov;tz—EIdor J et al. Mol Med 2000;6:88). ' o
Oltgonucleattde Primers: -
For the PCR reactions the fol]owmg specific oligonucleotide primers: were
25 wsed: o o |
(2) o-sma: 5 CCAGCTATGTGAAGAAGAAGAGG 3' (SEQ. ID: NO: 1)
(sense) and 5° GTGATCTCCTTCTGCATTCGGT 3™ (SEQ ID. NO: 2) (ant:sense)
- Thie predicted size of: band is 965 base pairs; :
(b) Calponin: 5 -GAGTGTGCAGACGGAACTTCAGCC‘ 3’ (SEQ. ]D
30  NO: 3) (sense) and 5° GTCTGTGCCCAACTIGGGGTC 3’ (SEQ ID. NO: 4)-. =
_ (ant:sense) The predicted size of band is 671 base pairs; = = -~ - ’ '

(c) ‘SM- _MI-IC._ 5 CTACAGGAGCATGCTGCAGGATCG 3 (SEQ ID.




Cel | s expressing the endothelial progenitor markers VEGFR2 (KDR) and VE-
cad were detected and quantified fromthe two size-separ db&ibidhenB®0OES cel |
 popul a{ipagesfoser filtration and separ ate recul turing Oﬁ,"f‘/ﬁﬂﬁ/@o}z\{ col | agen;
as .descri bed above. For FACS analysis, ESH filtered cells were washed in
. PBS containing 5% 10 FBS, incubated with human VE- Cadherin (Santa Cruz.
Bi ot echnol ogy, Inc., Santa t Cruz, 43CA, USA), or human KDR (R&D Systens
Inc, M Nféaéblané 5’ M\GCIBS'AQCAGAAQWHEGTCﬁaﬁﬁt &l @EQr ID.WNOh &yi t abl e

d tib d FACSCal i b Bent :
peond R RRNES eSS B e 15} BBty Bhe ot
assays, %Htédﬁ?@@ﬂ?aﬂd‘%r] ﬁggggs anti bOdI es only 15 served as control S.

- Electron M croscopy Cell see I'h Matrigel or collagen gel were fixed for

one hour.i.n .'&% Sy A2pear &P dé@@ﬁe\,AGTGOAGWMI@GOWBQCﬁMOE bl)an
post - flziepfﬁ) %QSOélg;In ver naI acetate uf fer for our. Preparation -

for &le r 8scof &’ atFR g NG - §) andar d _
procedu gmgg Ranbam Medi cal - Center, Haifa,
| srael. tBr| e e ce él%?gﬁsdtyg?%se?%éﬁwr ead- citrate, dehydr at ed and .
enbedded i n Eq)oﬁfal(f!:snnn' S CALGMAVETEANA GECAGGAGLK 2§ sﬁgfm POA using a

el ectron -

di anond _kni exam ned _and phot o hed using a JEM 100S
mi cr oscopand 3 ﬁCW@Tﬁ &mcgﬁﬁﬁﬁ (789 W@nﬁ@)yeftmpombnato RNA was-

extract f sin Reagent

(Si gma- ﬁﬁcclrl c @gggs%ﬂéé%%ﬁgg?gmﬂk%sg’u%%’“é‘é’c ?‘JZIJ“F#@ Zeﬁﬁh ‘gct urer's

i nst¢ ucis8¥0basdpiint, RNA was. quantified by UV spect rophotonetry, and | pig
- was used for each RT sanple. RNA was reverse transcribed with MMV 30 -

- Reverse Tr and®r IGAEAR: (Pr AMEQEGOSALCTRRIGIGCAMN 3* (BB). ENNO! kb (dT)

st r uc (e S BB TR rERCLTAT el s O ey Lo isdias done
wi th Bl CHARredibRIMA dibhahl iOPRba rs; WO 031087296 PCT/1L03/ 00320 42
Pol ymerase (Bl OLINE, Ltd GrbH Luckenwal de, Germany) using 1 pl of RT

pr oduct per(g)eAEtliﬁm 5ac€AEHCﬁ“@A@CﬁﬁGG"EﬁAﬁM53’I (BHQ.UEL iN@s13) n sone

g:ls Eiv) Ng’.?%seiﬁg% C§g§g€h8&%°f%t¥ch B%E% CI%I I br) Eu(latgsegéendl cated

The predicted size of band is 200 base paits;
(h) Tiez:  5° ATCCCATTTGCAAAGCTTCTGGCTGGC 3* (SEQ. ID.
NO: 15) (sense) and - E - '
TGTGAAGCG’I‘CTCACAGGTCCAGGATG 3 (SEQ 1}) “NO: 16)
20 '(antlsense) The predlcted size of band is 512 base pairs; '
() CD31: 5 CAACGAGAAAATGTCAGA 3" (SEQ. 1D, ‘t\to-" 17)
(sense) and- §” GGAGCCTTCCGTTCTAGAGT 3 (SEQ ID. NO: ) 18) (anttsense) "
The predlcted size of band is 260 base pairs;
@) Tal: 5 ATGGTGCAGCTGAGTCCTCC 3 (SEQ. DNO: 19)
25  ‘(sense) and 5 TCTCATTCT’I‘GCTGAGCTT C ¥ (SEQ ID NO: 20) (antlsense)
The predicted size of band is 331 base pairs;
" (k) GAPDH: 5" AGCCACATCGCTCAGACACC 3° (SEQ. ID: NO: 2T)
" (sense} and 5" GTACTCAGCGGCCAGCATCG 3 (SEQ ID. NO: 22)'
'(antlsense) The pred:cted size of band is 302 base palrs ' '
30 '




" .quantitative results in the RT-PCR assays, the number of PCR cycles for
each set of 5 priners was verified to be in the linear raﬁglatcﬂjkrw%

anpl ! f“msymms)sl n addition, all RNA sanpl es were adj uspegntosoyigl d equal . .
anplification of the housekeeping gene GAPDH as an internal standard. PCR.

conditions and protocol consisted of. 5 nin at 94C (hot start); foll owed
by 30-40 cycles (actual nunber notel bel ow) of (a) 94C for 30 sec; (b) -
anneal ing tenperature (Ta, not eﬁwwlf or 30 sec; and (c¢) 72C for 10 30

' sec, Ah t 72C, "

ai gonncr}lS Jé% b}élqgfl Wﬁrﬂ:cﬁﬁ ¢ %f)%%m?}' gfr‘\zg ‘nggr I"f“c’)\/\ga }Isa}-rg'ﬂaﬁ"?%ycl es, Ta N
60 C (Yamanura, H et al . Int Jszeﬁ?ao'@m (Pred. Oncol.) 1998;79: 245); -

~ cal ponin, 35c¢cycles, Ta 60 ( Yamanur a, Het al. Int. J. Cancer (Pred Oncol)

1998; 79:..24 Splwmeveryb%%%smpowcez@ hymsa o zellBselsiodogyeto al . Am J

ot el TP Shy s Bpigafog el ﬂlfééfef%%é%s‘sﬁ?%%ﬁ i YNNI

Ta 60 Csfdditslt@humén sein c%lls has@iees pitastaki fidl1tlRQlirin@dlAlingdpeive ees, Ta.
55 C (Kaufi nan DS et _al. PNAS 208 98 107 32cycles, Ta 60 C

( Shanbl 82d mygh gffod) Winlgerpsoemiggonie sem Celhﬂm;és)ds@ycfbesxan’iﬂe aetam ( Ahnad, S

et al, C 1, 32¢c Ta .20 6 a |b Set al
Atteri oﬁgﬁr‘gn‘ﬁé&%}f‘é% @'ﬁgyg’gé’rﬁf@aﬂli’mp‘gﬁtegﬁld@ C ( Kauf man
DS et akitroPkfi& 2OBLof Seshddifl,; cfefidotinal3 36N CéctsderhM HMebee, (iht %ﬁﬂ;Vl t z-El dor.

J et al. Ml Med 2000; 6: 88 d i gonucl eoti dePri mers: For the PCR reactions

t hel§ ol Hifirogiatipe dn hpman and othet pestat BSpelinlisres hae been Pharaserived(ty) a- s 5

G GAT TR A R ion; Silack o1 Napibyy (R B g ess Rl Visie i ct ed €)
Si t? of tlmedx%m%nl{a&e firadNasipld, b])hoﬁﬁis%f%nétnal @un@%?@f?g CTTCAGCC

3 ) (sense) and 1SEQ I D
NO: 4) 3% ém-llééh sbl) pwTheg ﬁxeedmlamcmjoﬁvweub’gemapdrbgemtﬁr?dclbﬁm lpmiars; (c)

031 087 2B BB T03 Db 20 A4 TR pesgrhl iR TSP RAIACE 3
(SEfg 19.ndVe} t&b. dimensional (2D) rather than the three - dimensional (3D) model
| commonly used in the art, based upon the observation that the 3D _embryéid bedy
structure is not required for mouse stem cell mesodermal differentiation (I\Iishikéwa
S-L, et al,, Development 1998; 125: 1747). o
Undifferentiated human e mbryonic s tem cell line H9.2 and H 13 cells were
20 grown as previously described (Amit M et al.. Dev Biol 2000;2:2_7:271-7_8); rembv?d
Ii;ong fe_edqr lgyfzg and plated as.single cells on type IV col?ﬁgcn coated dishes with

o

Tl
PG

di_fff;rﬁ_n,ﬁﬁqn medium as had been described for mouse CCE-ES cells (Yamashita J??;.
et al. Nature 2000; 408:92). Previous eﬁgcﬁence with murine stem cells .i;idicét¢d.
that =,s;p,.e'ciﬁc: cell - seeding conpent'r,ation 1s crucial for inductioq endothelial |

25 differentiation. - However, seeding. human . ES céll_s in the ,teéoing;endgd_, cQH
concentration (1X1 0_“ cells/cm?) resulted in cell death. Therefore, several cell-seeding
_concentrations were investigated. Seeding:the cells at higher :_rconcsntra‘tians-on a
,ya.tiety_of attachment substrates (1.0-1.5 X10° cel_ls/c_m?) resulted in. an _incpnsisteﬂt
mixed population of uridifferentiated and differentiating cells (data not showed).

30  Surprisingly, seeding cells at low concentration (5- 10 X10* celisfcmz)' on typeIV o
collagen substrate promoted differentiation that resulted in two distinct populations

of cell types (Figure 1B). A significant proportibn of the cell population comprised

- -




| corfesponding to nucl eotides 579’ (sensé) and 758 (antisense),

respectively. The predicted size of band is 179 base paitoQct¢ley 28W2a: . 5'

GHOEAAAATCG 3' (SEQ ID. NO 7) 5 (sense) TR03/00320
GGCCTGGTTCTf CTTCAATGEGG 3' (SEQ .ID. NO 8) (antisense). The predicted

_ él ze of band is 928 base pairs; (e) Cal desnon: 5' AACAACCTGAAAGCCAGGAGG 3

- of band is 242 base pairs; (g)

3

e

“NO @1) fo( sense)ing rite %ﬁﬁﬁﬁﬁﬁ@ﬂ(ﬁﬁﬁﬁéﬁﬁ%ﬁ?gﬁltﬁi‘s (&ned Fiom NBS &HIB

(SEQ ID NO 9) and 5 GCTGCTTGTPACGTTTCTGC 3' (SEQ. ID. NO 10),
cor r espwmliendlat sellnwithelotdeduesiel 44sqmtdingegndotligliab progantors eosgiology

,respect vel y,nThe predi ct efi S| ze of rtl)and 10,1 5,530 base pairs. (f) GATA2:.
AR e e 715 Paneyt o e

TGACTT@E@@T%&W@ thé S@Qamhi} fM% lzif%l: ﬂﬁnéélﬁeﬁﬁtﬁ) owaﬁ%e ﬂ%ﬁﬂ' ?tsgg S: ZDe

NO  13)struttirg @wge)lBam‘»ﬂieamATCCAAATCTGTCCTA 3 (SEQ Y NO 14)

’(A_?_nt | s_(la__rll__sl_e) The B;’Fem ct gg %{, @p"r Onlsfs\@Z l%g at? pa| rs Z Tie2: 5" .
TCTGAAGRSE 0 The = .|
predi cted %’%@g}gﬁgan I's lg’lghebggi?ggﬁ%slﬁk(e?ag ﬂ&mgh % 4%%2TGTCA%A 3"

(SEQ Isogrepmingl e edndhadio)-likndels f@mmmmmamero RvaluSieQhel D. Nq 18) .
S it a2 12 28 B btnl™ |

TCTOAT T G AGEI by et deRBi RN d0he, 0SS C@@ ioud{ il cted si ze

of band is 331 base pairs; AGCCACAT (SEQ ID.

o ek 15e Bl S0 vt 0Bl B R RS 3L a2 T
and analyzed immunologically for the expression of human vascular endothelial '
endothelial receptor 2 (VEGFR2 KDR), and vascular endothelial cadheﬁn«VE—cad;
both known to play an imporiant role in mouse endothelial progenitor development -

15 (MNashikawa S-L, et al., Development 1998; 125: 1747).
Unexpectedly, when the expression of these -markers in the two populations
was quantified by immunodetection and FACS analysis (Figures. 1C-E), a significant
. proportion of the smaller, endothelial-like cells were found to express. VE-cad (78%,
Figure 1C)-and "a smaller portion expressed VEGFR2 (28%, Figure 1C). When the
- 20 smaller, filtrated cells were plated for 12 hours, fixed and -.analyzed for
immunomorphology with - fluorescent anti VE-cad ' antibody --(Fi'gu:resi::-lD—.'Ei;
si'gni'ﬁcantlngreafer expression of VE-cad: was.detected (90.55+5.20%), mo'st'lik’ély
due to the low fluorescent intensity observed when VE-cad is e)ﬁprcssed at the cell-
to-cell juhctions'(Figure 1E). Trials of a varety of cell-seeding densities indicated
25  optimal VE-cad expression at 5 X10* ceiis/cmz.l | |
When further characterized by RT-PCR amplification of RNA, the
endothelial-like cells were found to actively express.the endothelial markers CD31
anﬂ Tie2; AC133/CD133, GATA2 and Tall, early-?'endothelial/hematopoeiﬁc
progenitor.cell markefs (Peichev, M et al., Blood 2000; 95:952 and Xaufman DS et .
30 al.- PNAS. 2001; 98:10716) (Figure 'IF, Filtrated). RT-PCR of RNA from
undifferentiated human stem cells (Figure 1F, hES) d emonstrated-no CD31, Tie2;
Tall of GATA2 expression, and only minimal expression of AC133. "Notf_: th'at_the

-




| sol ati on and Enrichment of Human Yascul ogenic. Progenitor Cells from Human
Stem Cell's Despite the overwhel mi ng inportance of hunan S6edeteer006 '
“technel@@yngmes.5 research and nedi ci ne, application of Péﬁ%ﬁyﬁﬁzﬁ’s made in .-
research with non-human. species to hunan stemcells has been
pai nstakingly difficult; requiring great ingenuity and nuch effort. Wile
nurine _enbryonic stemcell (nES) |i%hes,, for exanple, retain their '

~ plouri pontenaies of ¢ (GABDH  bardlsnary identprab dorc bathl yhemandiffetentisied tagd -
differeptiate in .yitroi intog.cellsg of. nesoderpal, edodermal and-etodernal

1 heaq el ccl ' AopRlarions AERRre, TS ind S shas b Herrprat e o col|

i nes bﬁ@g@@@Be}pﬁﬁéwmdﬁ?@ifﬁ'\{enﬁhﬁ&gnSi stency, disorganization, and |ack

of synchrony,. obviating successful In vitro tissue organization (see, for

exanple, Th afluetescent st@imng dfthe DegerPhwludea38ils (BHurd 38) #6RYled! N pursuing

cell from human _enbryonic stem

he, i sql atj.on of L ,ogeni i
col 1 s, iy priflnch, o BRI HE BBt StiopPmbice aell etk Gevient b | 1 15 &

novel iRk oRlor (21, EakhaANARaRIGRr i 1P ATRINANpleAD model

commonly used in the art, based upon the observation enbryoi d

body undaietted & itlse smallere diliereldedlsr  Whes dusthancieshdierimd AERTEICR s
di fferentj.ation (N.sipk S-1., et al.. Development 1998; 125: 1747). -
Undi ffé‘?’Bhﬁ?%‘P&dngm&%ﬁfﬁﬁ -E@Pfiﬁﬁ‘. gells) Werer fwng) to, aotixely e¥pIBscel | vier e
20 grousREoR TRk QY B Ap SIS Ghd gﬁﬁeélﬁﬂ?rtsnwo%-ﬁgscle%ﬁ?Eﬁl@#),ﬁ%@g‘iﬁ-?: 271-78)

renoved from feeder l'ayer and plated as, sl e cée col | agen
co#t edMHE (Eiguve 1 H, Raitdibat)e R TRCR O f RAdA froms hé ashallac RndRssiiai-ard for
'm)u_seCCéﬁ‘-fE cells (Yamashita 1, $ et al. Nature 2000, 408:92). Previous _.
exper i EEATRMETASH; ReCPrEsTiondf| Ay ofdhe sprtheliodrest] wakers (Figuee LH; seedi ng £
concen | NSt LU hal s i lial . 25 differentiation. :
FovoverEALED, NewC e inlBhipl 01 e GRPBECBIIE A€ ienbrp o hShale aci on
(1X104calepbmilatichs (Riguret ki), iindictinly deadpacifithfi@k osPiheSaUBIAtn €81 ! - seeding
concentrations were investigated. Seeding:the cells at higher - '
concenfheRPhpgvidhdiffereptialion.y  of attachment substrates (1-0.-1.°.5 X105

celd s/ cn) | & in.. 1S) st.ent. . m xgd . .popul ation. of . :

un‘%idi ff.erent iii?\grt%eidﬁ-lgﬂla‘dog F?IF§ r gﬁ@ﬁ%ﬁ %ﬁqﬂ%mﬁﬁ%é‘gﬁ%ﬁﬁ? strtieg) Mo ‘
Sur pr i siltuging, ofdemaimngemalells (AES) @vreCab@estt FatdeAprbfiferatRdnthPsbik€) I S/ cm on -
type 1V col|agen substrate pronoted differentiation that resulfed in two
di sti ne Brdblimeomasationyassax revealedethay theqepitieliey),. extlwled e samotipr opor t i on

Of {NerpaShlLRORIR -0 N BIPL BB T ARE 12 005wy WP RB L20 er,

| endothelial-like progenitor cells clearly incmpérate- the stain, indicating retention of
20  proliferative ability (Figure 1I). T aken together, these resiilts indicatethathuman - -
- stem- cells, seeded as single cells and .not as .Emi::'yoi' Beodies, and cultured in vitro.
on a cell-free, two-dimensional matrix, can give rise to proliferating, endoﬂ:elial;liiéé
progenitor cells, which can be separated by filiration from smooth-*--mﬁsd.eélike ,
precursors; o
25 '
EXAMPLE 2 .
In Vitro. Induction of Endothelial, Smooth Muscl'éana'.--Hématopaieiic Cett:
- Differentiation of Human Vasculogenic Progenitor Cells | .
In order to study the differentiation potential of the vasculogenic progenitor
30 cells, cells were recultured on type IV collagen coated dishes, at a lower cell seeding
concentration (2.5X10* celis/em?). Smooth muscle cell differentiation was;‘-.inducled =

by adding platelet-derived growth factor BB (WPDGF-BB), which has been found to

v




45 smaller flat cells with large nuclei resenbling endothelial progenitor
~.mor phol og F| gure 1B, ~arrows) previously recogni zed i nlfddtoter2edd s
A(YanasWQé’Q? 29t al: Nature 2000; 408:92), while the rmcmileseeszoere | arge
.flat cells with. obvious fibrous structure (Figure |IB, arrowheads). 5 1In .
order to separate the two cell popujations and. isolate the smaller, human

vaseul ook S6IS RGBS =y, HIGSHE R St PSS oo™

~ “strainer, segregating t e en

~cells. ﬂ@:tlenbdrgm@ Ghaaot ArOROTALI PNASS zowgl'mh_aj?al AREPQeNt @5 b0 the
cul tures,: filtered cell gopul ations were characterized by detection of

- speci fi E“lﬁ”é? gofhﬁi’éﬂ% ik phaped and gpithelioiskphenpae ee¢llseerelefeotedimtiet or i ng t he

~differe [ rived.from ESC I 1's Reubi nof f
B or PR g e SRR ihaciop, I et Eid HbollERuS et fixed,
and mnainaries. i m&n agilgad dotedtal uprbgulSNR SBpkefic @Inotammesd@ﬁsme

endot hel i al endot hel i aI receptor 2 (VEGFR2, KDR), and vascul ar endot hel | aI

cadher i FROYEscHBOOth RYssla Egkn (M)aymaﬁhl mpesle arypsmdheavy chainy$M-endot hel i al

D 9ey ™! MICE BUBLRATSND, i EMSHLK B 2 v ST ikt e e i e o
popul at ﬂerNANﬁanuamt Phe-By ttemadrm!et(ﬁgdr@marﬁisﬁ?@]eﬁf} Féq ?k( Fi gures

|CGE), aS| |f|cant proportion of the smal | ef e cells

‘were folfE e sdetsatiopaef (hPBhBrﬂalFngmOﬁl n@sclgnet b mededr | Erotefisr t i on

ex 9 ure 1C t e20 mal | e filtrated cells

7 vvelroe plgﬁl\/gg%é O?.II’S Y ﬁ'&‘&ﬁ’ I TG 6‘??‘6’1'%‘?& gy with

,-/.]fl uor esEigtite xr;tﬂ‘,lvi\/lﬁ}namg@fegpqgmd (903%,, onfirts YR é gﬁ/h}f greater
ke

expression of VE-cad: was: detecte /m) nost due to the.-
| ow fl u’@ﬁé@t@mﬂm ditEnentiagion b bumen vastelogiic pugehisoreseis bg: sxepbsaie tohe cel | -

to- ceII 'gg ®Pns (Figure 1E). Trials of a varlety of cell-seeding
den5|t|es I ndi cated 25 optimal VE-cad expression at 5 X104 cells/cnR. Wen

further charPetesi ardpbuntii- BCRifemRAddionald SRdhciRlVeclish B FRfARNC! 1 3! -1 Tke
S

cells were found to.actively express the endothelial nmarker 1 and
Ti el?; AEsquegenm pEgewEorAcella werd gkposed do IhWE@Edgifbeﬂad & bbeffitiapdsi ti c ‘
M et .al od _2000; 95: 952 and Kauf man

RSt " 0l Sl REPHISAT oot ien HaBiitu O amashit 1, sk BuNanreLIgR of | mNA
f-rom wuatstzr).ermtsuam mmmes%ké‘dﬂn?%é ?mdu'éh 1§ ehlﬁoéléﬁ?ﬁ)&ﬁrgg,gahgat ed- no

CD31, Tie2 Tall or TA2 expressi on, y m ni mal  expressi.on of AC133
Not e t Hatrkense continuous expression of VE-cad and the appearance of von Willebrand
- Factor (vVWF) s tored in W eibel-Palade b odies, as detected by i mmunofluoréscence
20 - (Figures 2F and 2G, tespectively), Dill-Ac-EDL uptake in more mature, cells (Figure:
| 2H) and even stress fibers arrangement in some ‘mature cells (Figure 2I): Most.
.. significantly, - growth - factor-induced differentiation, with -either ‘WPDGF-BB or
F ‘hVEGF 65, 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.
25 factors. Furthermore, BrdU incorporation into the differentiatéd cells indicated
. preservation of proliferative capability in the vascular endothelitim growth-factor
(VEGF) treated cells (Figure 25, .. and specifically those cells of the. smaller
: morphplogy, while cells treated with' hPDGF-BB exhibited impaired 'prolfiferatibﬂ
ability (Figure 2J). - Hematopoietic capability of the isolated progenitor cells was also
30 demonstrated. - When - the VE&cad+expreséin-g population ‘of filtrated, vasculog’enié
progenitor cells was cultured in a semisolid medium With— cytokines, CFUs indicating .

hematopoietic colonies (Figures 2K-M) were observed.. Thus, differentiation of

'l




- 16 Cctober 2006 WD 03/087296 PCT/1L03/00320 46 intensities of the GAPDH
bands are identical for both the undifferentiated and diléOetabet 2¢06ed cel |
popul avo@ass2pé gure | F), indicating the specific naturepofitimoes2ohange in . -
cel |l phenotype with differentiation. | nmmnofluorescent staining of the

I arger, excluded cells (Figure -lG) reveal ed 5 the eX| stence of

t hel yp th |
B R e i b TS bR I, cvm
~undet eCE)eﬂpéc[ﬁct SOWIR RS in Vitrh: e?ne.ﬁi cEBfleS mtiem, Wihbﬁ(e [méi@@fsﬁ&liﬁé i zed by

RT- PCR ‘anplification of RNA the Targer, excluded cells were found

't 0- act | sashmpitmenrardess Oéprqlifeltatladcmbidéys Cal poni n and 'Cal desnon;  snoot h
‘muscl e actin (SMA), and SMt o NMHC (Fi gure 1°H Retained). R T- PCR of RNA
fromthe. smaller, endothelial-like cells demonstrated no expressi on of any
of tshe epithehod ceII markers (Exgwerf3 a 1 Filtrated). Note.that t he
intensities of the GAPDH bands are identical for both. the cell popul ati ons
(Figure 1H), imtitoaliscglogaaesipend BlavdzelLFernsitiarnby Eﬁ‘%g'dlsi n cell, :
phenot ype wi hdfferen | at Wien the.t ul ations arising
P om the 1 ovCHisik ey 1€ ahardis s, 57 vaioamry® dnve, Grem MRt bl (hES) "er e
assesse&knf.%muﬁﬁé ém%@hkfsﬁnﬁhélﬁﬂeﬁmhﬁr?/ M bodid3§sddl fiy e'xQﬁPfeP?é[ﬂﬁd on. assay
reveal ed that_the epitheliod, excluded large smooth nusclfe-like cells are
unabl e ©cetpl.olat Byvastig 2@01@1&1 210618 hgwmﬁm tlo&mudatel aersgulogenic

dot helial -1i.k t IJ I t , dicati
ot bt | BRCRea8 VR FER T Bipbient §ofeys Pave Ben lagebimoaeihl |t hooe. "
resul tsth %ﬂlc%%@ ihfddo %ﬁbnza%ﬁ :?o@é‘kl'aﬁ ofm%dvﬁ,%rﬁ,gr ee%nsgébnhgl and not €3

as. Enbryoi d Bodies, and culturedin vitro on a cel mensi orfai
mat ri x, (EStBreelly Mﬁeusedstwotdlﬁ‘ierenﬂt i3f eltmtasnenal emstizisheypeal cblidgen gol aEni t or

cells whi eparated by filtration from snpoth..nmuscle-Ilike
precurs%aglgCESWE%ﬁl\/gE‘Ee PR, UsAd; Q. PIOMRR: 113 n Veseeinks Hermpation &oBbt h Muscl e

and HengfqaaRiiftdefs @eﬂakdayl TR M&P@@Bﬁ R PEITETEI 943S %E?S?ﬁ'ﬁuﬂ%&g)gem t of

Cells In order to study the di rentiation potentlél e vascul ogeni c-
pr ogeni Y @t al. B(IeﬁthblleSS;éDVslS\m)e recul tured on.- type.lV collagen coated
di shes, at a,lower. cel e]:e&_l
Aggregation of the cells, i the presence of hVEGF and WPDGF-BB
sup_plemented differentiation ;.In,_edlum,_ prior to._seadmg into type 1 collagen (Figure '
-3A) or on Matrigel (Figure. 3B) clearly induces sprouting and tube-like structures
~associated with early vasculogenesis. and .vascularization of both the- collageni-and -
20 -Matxig_él substrate. Histological sections demonstrate penetration of the endothelial
:,ceﬂg into the Matrigel, fomling a. tube-like - network structure characteristic of

vascular formatign (Figure 3C). Surprisingly; and. of great impbrtance, observation

-under higher magnification reveals blood cells within these: in-vitro cultivated vessels
{(Figure 3D, arrow). Electron microscopy further reveals well-formed e ndoﬂielial-
25 specific Weibel-Palade bodies (WP) in the cell cytoplasm, lipoprotein capsules (Li),
-endothelial -cefls forming a lumen.:(Lu) in .the_ -cords.. and . herﬁatopoietic (BC)
.development within the vessels formed by endothelial.cells (EC) within the Matrigel
(M) (Figures 3E-3G). These 'resﬁlts.-demenstrate, for the first time, isolated human
vasculogenic progenitor cells having the capacity to. differentiate into functional
30  endothelial cells with lipoprotein metabolism, factor VHI (vWF) production, blood

~cells, and all componénts-of vascular structures in vitro, under defined conditions: -




~concentration (2:5X104 Cell s/cnR). Snooth nuscle cell differentiation was
~induced by : adding. platelet-derived growh factor BBIifHRDer BE)Y which
has beW® @B3@§rd6t o 16 Oct ober 2006 WO 03/087296 PCT/ | LOR/T0826034%¥ | nduce

SMC-differentiati-on in nuri.ne (nES), but not human stemcells . :
(G ttenberger-de Goot A Cet al. '?1 S 2000; 97:11307)... After  10-12 days of

cul ture both spi.ndle-Ilike shapggﬁﬁg:ggi t hel i oi.d phenotype cells were _

detected in the culture, alondg ' oncom tant induction of expression
smoot h nmuscl e cel | 5 mMapkpbsion?] SESBIANasYdnS0ect ed upregul ation of -
~ specific snooth nuscle markers  suCh as snooth nuscle a-actin (SMA), -snmooth -
- nuscl e nyosi i heagyvassalanzqem ofHDginegrdpdisues BV critind espedesafon (Fi gure

- 2A; 'v-SMO) . notabl v Undet ect.abl.e in . the RNA fromnon- .hP -BB treated

el 15 Ry R pREGE A bE il S SulG SO utbRD teisc | on-of
t-he shungial £ Ghpiaftstioh & Lakldimiéoastl S hubfirds) stitb Yor fnpldhiSHds; -

snoot helin, a marker of early snooth ,nuscle developnent,” -Figure 2C;

SM MHC 1Riuiie 8 seppating Bamgwaikn e i spaffeld Byr effigicnt devecldpmenhpatgrowtli.or  furt her -

invitrg differentiation of h vascul o i C .pr itor cells, by exposure
to " hPoleitare HC rhah s PoiplT L AaS i Y e G B Rt il a1
cel |'s, " Wwhe iliiBgated Tsis s iRIRR] GisRIcOGRhdPingCRIONS, Whe S-GxRASSAt 0 h

VEGFi 65, found to be efficient in nurine, but not human endothelial cell

i nduct i dgingteseatnld; which eas trden shownte sePPOt in 4\ O@pe fFhiaiondndpul at i on -

[téd in the induct i " endot hel.i al. cell=specif.i ©cont | .
et BnPrab Gmatiehtor s (lnain . e hsh X B seats 2T st h, o B e

'A:.ﬁ:f tored iapa GYigaRek - &3l aBR LR ThocRS2 00T RY. M dot BTIMAR Whikicgamence 20

(Figures 2F and 2G :respectively), Dl [-Ac-LDL uptake 1 n mor ‘mature cells
(Fi gur eprogenorsand even stress fibers arrangenment in sone-mature cells '

(Figure 21). st, significantly, growh factor-induced differentiation,
with, either %@@%ﬁaﬁmﬁwés‘&%ﬁ%%ﬁaﬁm@%q ?Féaé@a ?Baci fic
comm t "RBded WithinporoROiISin R0 dOIHRRLs! &htifi’(? @esseﬁmﬂﬂlhﬁ?]ﬂ%%ﬁbg ﬂﬁe%t:ﬁfﬁ;lépes vere

observed with adm nistration of each of the growt actors: Furthernore,
Br dJ i newepeanebserved rafior 1hdaydiifdubationt inatiffcreotition madlismadupplempnteder vat i on of
proliferativ Lty | , scul ar endat hel i um growt h_f act or

o ( VEGH itk ol &Y wagd_(lrz‘%fgqjé%%zf@fo’m&n%‘\s 5@@?% FYueSEe ERENE of the.

; pg: : fererpg%ﬁgmfahn OghmiMHdre of Bhd FadcliRR WAL WrhBuPPRFeaRBagx idpghed | mpai red

- endothelial cells surrounded by smooth muscle cells, typical of vascular morphology |

(Figure 4B). Thus, culturing human vasculogenic progenitor (ESH) cells on 3-D
20 scaffolds demonstrated, for the first time, the- capability- for directed, in-vitro
‘vasculogenesis with differentiated human' stem cells, faithful to-normal angiogenic

~development. - *

EXAMPLES =~ .
25  Human Vasculogenic Progenitor Cell Differentiation as a Model forﬁngfdgénesfk '
Recent studies have demonstrated that some mirine . émbryonic stem cell
© (mES) systems- are .capable of reproducing key events -and chronology of the
-angiogenic process, prbVi'ding a potentially useful tool with which to inﬁestiga'ie
mechanisms. of angiogenesis (Feraud, O et al. Lab. Invest. 2001;81: 1669). Of
30 further significance was the observation that mES cells derived from VE-cad

deficient strains of mice (VE-cad -/-) failed to develop endothelial sprouts. However,
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ability (Figure 21). Hematopoietic capability of the isol ated progenitor
"~ cells was al so 30 denonstrated. When the VE-cad-expressi rhngﬂmta@(lﬁon of
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- EXAMPLE 6 . T
Enricliment of Vasculogenic Progenitors. .
- Experiments. conducted with hES cells seeded at -the cclIL;,_chcentfa_t:iOhS _
taught by Yamashita et al. (Yamashita J, et al. Nature 2000;408: ‘pages-92-96)

20 resulted in cell death (data not shown). As such, several 2D differentiation

ol
LR

experiments e mploying d1fferent cell seeding concentratlons on gelatm laminin or
fypeIV.:collagen coated diShES were devised and conducted
- Materials and Methods - . , o : :
Nen-differentiating hES -cells (H9.2 passages 29+36-29+60; H13: passages |

25 31-57; I6 passages 35-50) were grown -on-an:nactivated mouse e mbryonic feeder

layer' (MEF). All experiments were preforined -using lines H9.2 and H13, while .

progenitor.enrichment and characterization experiments were also effected using the :

16 Iine. - hES cells were split using type IV collagenase, résulting in small aggregates.. -

The cells were treated with SmM EDTA in PBS, supplemented with 1%(v/v) fetal

v




.(M (Figures 3E-3G . These results. denonstrate, for. the first tineg,

- isolated human vascul ogeni c progenitor cells having the l64padier 2006

~di ff er¥@43408B9% nt o functional 30 endothelial cells wthedimnopostei n
met abol i sm factor VILI (vWF) production, blood cells, and all conponents.
- -of vascular structures in vitro, ungder defined conditions. 16 October 2006
- VO 03/ 0843 - Jel F%%&P A- 3 Di nensi onal Scaf f.ol d
Vascul ar i zaﬁcgﬁlhﬁlﬂ}%ﬁé“%@%%é%ﬁ% i zatdfilllétr(i:"di{)l Wle%rll{‘ggl'3 ‘ﬁez SRFIIDS YPBE s a

criti codOuaspesh siodiner FYR0g) R L8R AiffaRiatioh YaldRl - FAGS )44 enance of .
“cultured tissue viability before .5 and after -inplantation. lLarge-dianeter -
" vascul dfndiffergtialed BES ggll sagpeasionsrwermplated en bpe, IV @dlagerecataldigest i ng

Cframewgrk, : far. afficient.devel opmept and growth,  Therefore,
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Cohen B riaks .1997;18: 583;. and jcklis R, et al. Biotechnol .
= oeng%%%%%ﬁﬁ ‘?ﬁ"a‘GPgn tdlaﬁﬁr?incq}ﬁg’é‘ﬁb dj%?ﬁeet‘atﬁ? s§lni veresiitewdn human .
- vascul qgRgi it WELE..a t.ed . ribed, and ‘seeded within .
porous al glg?lg'{ (ezmggiaf]?% dé@lgﬁrs i E‘%tg?vagglsg%?? %?%&%l&gr?ra?egﬂﬁ'ﬂe? @ scaffold
15 por elifferentiatiose one typaf. T¥r cdiagdny sodttt Wdisties O (Bédlordi HicRiRHR). 4 ion medium
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~ stritlet '??PUQHPB%@‘W@W%%@FW'&%WF e RIPGFB8 Vaugimt Gotwal |-
"} struct Yy RRYPS er;létﬁfcgfoeflI@H@ﬁﬁ%ﬁﬂioﬁ%ﬁ&%&hel ial cells surrounded by snooth

muscl e cel l's, typica vascul a rGHo1 ogy (Figure 4B). Thus, culturing,
human vascul(Bgediaafsizgenitor (FSH) cells on 3-D 20 scaffol ds .denonstrated,.
for the first time, the capability for directed, in-vitro vascul ogenesis .

with differ ¢Vt CBPehEdn erdothelak ol glopylation; was immunorabsted fandiAseni c

devel ogpRdis WAV 5 o and i eV, | e9eRi ¢ qPLogeni tor, Cel.l - . .

Di fferent ?gait ion as a %@?"]ﬁ?‘ﬂ% ogteénem 2 ‘mﬂe%'éaf” cely Ay e 1iased

denmdns uisiag ed IVRahics® pipen@((Covk).oiHh on iviasPIA8E GEh well0FaDs w¥B hRHS are

capabl ? of rep{ oduci_.ng key events and_chronol ogy of the : :
type IV collagen) in an appropriate differentiation mediunt. Following an hour of
culturing, each well- was visually examined '(by both light and fluorescence
microscopy) to verify the number of eells plated. Mechanical single cell isolation was
used rather than F ACS, since single hES eell do not typically survivethe FACS

20 sorfing procedure (data not shown). Following one week of culturing rescued single

cells, single eell colonies could be observed. At -ene month post culturing, each

RN

colony was digested with type IV collagenase and transferred into a well of 2. 24 well
plate -(type IV collagen). Confluent cultures were digested and wused 'eithéf for.
continuous cufturing or in Immunophenotype analysis. o
25 - Resuits
| Isolation and characterization of endothelial and SMC progenitors - .

- The present research-approach (Figur.e 1A) relied upon findings that - a-3D .
embiyoid body structure is not required for the differentiation of lateral mesoderm
cells (Yamashita J, et al. Nature 2000;408: 92-96.). |

30 However, attempts to-use the cell concentration suggested by Yamashita et él.'
(1X10™1.5X10° cells/cin®) resulted in a mixed population which includes: both

undifferentiated colonies and multiple cell types differentiated therefrom (Figure 6B). -

-




angi ogeni ¢ process, providing a potentially-useful tool with which to
I nvestigate nechanisns of angi ogenesis (Feraud, 0 et al.l6l@dobdravest .
2001; 89603689 O 30 further significance was the obsarvettiemméat nES - -
cells derived fromVE-cad deficient strains of mce (VE-cad -1-) failed to-
~devel op endot heI ial sprouts. However, 16 Cctober 2006 WO 03/087296 '
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-(Flgure SB):,.Thus, - in-vitro, directed 15 differentiation of isolated human
vad®ul ogeni Singsrtds éWPt"cﬂ’m“aI(tEWQE‘éP‘]l@sék$nla)f§7ﬂts§b§@n%41tdllﬁﬁneycqsdnknown ,
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. EXAMPLB1@red thfduigh An@nin Blter V%S ﬁélﬁaﬂéﬁﬂigqml? AR RliRe cdRSRRIh ﬂférlﬁu? conduct ed
with I CES cells seeded -at the cell: concentrations taught by Yanmashita et

al . (Y&ahstllst AAnalysipef the cnd!ahdwé-lmwllzf@snoxpa@esleé:pr@'&)enuﬂ&ummll ted in
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29+36- Q%Q%of Hiegeabls) sndeslls expressing Flk-1 (~30% of the cells) (Flgure 6D). RT-
PCR analysis which was performed on both cell fractions indicated that the
endothelial-like cell fraction did. not express -any VPSMC_S . markers. _
Immunophenotype analysis. of the endothelial-like cell fraction showed upregulation
20 of the CD34-(173%; n=3), Tall (75:8%; n=3) and Gata2 (42:10%; n=3) proteins
(Figure GE). which were previously implicated as early endothelial/hematopoietic S
progenitor * cell. markers (Kaufinan DS et al. Proc. Natl Acad Sei U -4 {\-:?
2001;98:10716-10721; Peichev M, et al. Blood 2000:95:952-958; Rébertsbn SM,:et_ .
al. Development 2000;127: 2447-2459).
25 To evaluate proliferative potential, the cell fractions described above were
analyzed for BrdU incorporation and Ki-67 expression. Pulse-labeling with BrdU for
12 hours revealed that some of the endothelial progenitor- cells incorporated BrdU
while none of the- SMC like cells exhibited this capability :(Figures’ 6Fi-ii). Both
isolated fractions were also tested for the expression of Ki-67, a typical antigen foind _-
30 in dividing cells. This experiment uncovered that 66+:2%(n=3) of the reéultured, ,-
‘endothelial-like cells expressed: Ki67 (Figure 6Fiii) while inactivated - niops’é.




25 31-57; 16 passages 35”50) were. grown on an i nactivated nouse- enbryoniet

f eeder Iayer (MEF). Al experiments were preformed using6lQoneerBS06 and
H13, wwoloa/espeegenitor enrichnment and characterizati on peApesimvent S wer e
al so effected using the 16 line. -hES cell.s were split using type.lV

- col l agenase, resulting in small aggrggates.  The cells were treated with_"

SmM EDTAcinbryBBiB, fitsublabtehich heiViell s WEMHGY, di@tridt sthfh RL; %
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‘Bect on' Di cki nSmudyingr the. difegtiatid pb@hBaRbf SR RHIflidS Eg%e{ﬁ ord oh density 5 °

of 5X10 celJs/cn?, in a differentiation nmedi um conpoSe a MEM nedi um
(G bco- Eﬂﬂ)“f%‘hﬁﬁq“etﬁﬂﬁge‘éﬂ Weeh 1Y 0gellapen (capdodishesarad 1owet: oetvl :feedm

- mer capq ( B turing, differentiated
cells vve‘?;ellg?’nfgtngfleg ﬁﬁro i‘tsjcgﬁgohol ‘ﬁe"&aﬁja‘? E"rcs] P%’Sc%)coﬁ‘m}‘oﬂélye anal yzed
or recul diffeesitifiterigto ﬁdbﬁ%llﬁnédlﬁt\b@nteﬁl@d li Rfe preEéﬁcEQJfllﬁ@?F 9 d_di shes .-

(Becton Di'ckinson) 'in a 10 differentiation nedi umccont ai ni’ ﬁ 165 50

ng{j mt orlﬁtﬁ’mﬁww@wgsﬂhﬁh«l lgetish Tﬁermmem%hsn:gmtgeh:mdulcé@mlell@take at

addl t1 o najJ v,sl s n e nao lal Ce opul ation
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an appr d’p$M¥t diffreitiationt 4 liwwmhechmImeandctemMmgaeanytbQupméict dagivedr i ng, each

“wel | u a bot h I . a d fl uorescence m croscopy) to
verify: f%aé@u "k‘% ﬁ%f fpﬁ@ﬁé@ yengH 1’ FotsWﬁ‘g |pe>vee|¢fch§tﬁ aion was .

used ratdﬂedsremtmﬂngﬁ@Sse NS iiAG SMIF—?H&\%% (‘é@:@% YPifay | &gﬁt‘f”" ve the

FACS 20 sortltn]%dgroce ure (data: not Vi ng one :
cul t uri #§09:488; lewmgem~152 daisraflcaltaitg in®IDGMES; spautecmtéeeubser ved. Al

one , nt h -each colony was digested with ty
col I1 geﬁgg%a?%(ﬁ’&”ﬁ ﬁﬂ@f‘"@r € CRlisexaregeqd srgoth musgle\geagtin (§1\®%)d%(guy@e |V .
col | agenl). Gomts HRRIGCHISMIE E iR EES hga%%%ggtﬁ%gs‘é 2 GySkih Bhuyf ain CONt I NUOUS

cul turi ng i n I'mmunophenot ype anal ysi's
(SM-MHCQ), SM22 and caldesmon, were also expressed by these cells as revealed by

RT-PCR analysxs (Figure 7D). These results. indicate the potential..of the cells
lsolated herem to dlfferentxate into an SMC phenotype
20  Clonal Analysis _ e o
' Smgle VE- cad cells generated from hES cells Wwere examined i order to
detexmme whether these cells contain.common progenitors for endothelial and. mural
_' cells Smgle VE-cad cells isolated from an enriched vasculagemc ‘population were
_recultured on a type IV collagen-coated 96. well plate. One hour followmng plating,
25 each wel.l_ was wsua_lly_ examzrted,{by both light and ﬂuorescence) to verify the
- number, of ce_l‘lglplatedl.: In order to study their differentiation caﬁabi.lity, single cells
were cultured in differentiation medium supplemented with hVEGF, or with hPDGF-
BB. Single cell colonies could be observed following 8 ldays of culturing under
_ cither culture conditions (Figure 8Ai). Plating efficiency was at 8%, lower than that
30 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).




~isolation and characterization of endothelial and SMCprogenitors The.

present research approach (Figure |'A) relied upon findings Gdstier 200D

enbr yowa obostzeest ruct ure is not required for. the differmniratiossoeof |ateral-

~nmesoderm cells (Yamashita J, et al. Nature 2000;408: 92-96.). . . 30 .
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iffer emeﬂséxpressung&MCtineﬂqamﬂdaien@aa@emrﬁ V@—@@C@éﬂb ng to the teachl ngs

of :the present invention was filtered through-a 40mfilter, ¢thus
sedﬁratlng the endothelial-like cells fromthe large. flat cells. Anal ysi s

f the endot e t | of,.
VE-cad onr i anBdoRissidfuBbbonab 36k aF BERE ol FEh T, R aBiichy Tepeation
15 fi | tdesdribed o ?lfeo/dconthe o NSkt leﬁ‘nbokﬁrh@mt&eh{ayf éﬁétb@’brbﬂﬁéd'%d cells

expressin CD31 (60% of the cells), and cells” expressing.Ftk-1 (-30% of
the celcogpinatipyin & spgk) empodimPaRr Gerveysshys Vﬂhoweammfrthmmdhm both cell

fracti [ t hat - L dot -I| fraction i.d not
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endet hehovided sefs@raes) dr 1ﬁ@ﬁﬁ§m%l§§%%ﬂbhiﬁﬁ@lgm ation 20 of the.CD34 (173%
n=3), Tall (758% n=3) and Gata2 (4210% n---3). proteins (Fi gure 6E). -
whi ch were previously inplicated as earl y. endothelial/ herrat opoi etic
progenitor I kers fi et.al . Proc Natl Agad Sci. U S A
2001, 98'107%{[’?8%%6 F%Y@&f Bpiseh 2 oG “20‘6’(5‘3‘@&“9'52 Bespe@fBer t son su
et ~ embodiments thereof, it is evident that many a]tematwes modlﬁcatlons and
variations will be apparent to- those skilled in the art. Accordmgly, it is intended to
20 - embrace all such altematives, modifications and variations that fall within the spirit
“and broad scope of the appended claims. All publications, patents,’ and patent
“applications mentioned in this spécification are herein incdx‘p'orated in their entifety A
by reference into the specification, to the samé éxtent as if each individual
 publication, patent, or patent application was specifically and individually indicated
25 to be incorporated herein by reference. In addition; citation or identification of any
reference in this application shall not be constiued as an admxss:on ‘that such.

reference is avallable as prior art to’ the present invention.




al . "';i ) evel opnent 2000, 127: 2447-'2459)'. '25. To eval uate proliferative

_ potential, the cell fractions described above were anal yizaoctblgsr 28061U

i ncor wpo atheme@and Ki - 67 expression. Pul se-1abeling wit kb(?l‘fﬂblz 12 hours

~_reveal ed that.- sone of the endothelial progenitor cells incorpor a? ed BrdUu .
- whi.l e none of the SMC i ke cells E‘\)}EI bited this capability. (Figures
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CCBFi -1 )y M _fractlons
- Ki -67, a yplc antiget found 30 in dividing cells. This experi ment
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uncovered that 662% n=3) -of the recultured. = endothelial -like cells -

expressed .. Ki67 (Figure 617iii) while inactivated nouse 16 Oct ober 2006
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|'i poprotein (Ac- Ll {dai gure 7A) and productl on of 10 von Wl ebrand Factor
(VWF) stored in Wi bel - Pal ade bodi es (Figure 7B). To induce v-SMC

di fferenti at(bpn;, 1solktmgmlis smalieritharest piefomrsaid mixedpopulsiiesof cdikat el et

derived growth factor lSPDGF BB) was.utilized, this factor was proven -
effective in »di FSPEEHE Fféi‘ qxghm%:@n bEBI&:‘@!SFlSIOEW(bPISB@“Ml‘m&ge (Yamashita
J, et al. Nature 2000;408: 92-96). Followi ng 10-12 days of culturing in

.PDGF- BB, spindle-like cells 15 appeared in the culture. These cells.

expressed SOt h Thesekodwf Sk, Bk ElegYapis e]'@):ted@)hﬁib e%ﬁﬁ%ﬂfe' C v-SMCs
mar kers such as, snooth nuscle nyosin heavy chain M—lh and

cal des aMitepentmted BY cellsdp at lpast 0@9 copdigien selevted omey emlvctobgismigrofPCR

anal ysi S i ndi,cat e t tenti al the cells
i sol at ggoﬁfdégéée%d@& fg?%n oI5 gm - §Rare! Eﬁ ‘%\%Hﬁg e ’éﬁr‘?f’r?éi‘l Anal ysi's
Si ngl ebebéﬁeeaaﬁaoéahd$X@$&ﬂ§kﬁﬁaﬁdp{&&}5’édf@iﬂf&eﬂwﬁn%&%ﬁed in order to
determ ne whether. these cells contain. common progenitors for endot hel i al .

and: nur al
' ‘ 3. The method of claim 1, wherein said cells smaller than 50 pm are

isolated via filtration, morphometry and/or densitometry.

4. ‘The method of claim 3, wherein said filtration is effected via a filter

havinga pore size smaller than 50 pm.

5. The:method of claim 1, wherein said undifferentiated ES cells

are human ES cells.

6. - A method of. preparing epithelial - progenitor . cells from

. undifferentiated ES celis, the method comprising: -
(@) - 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 poi}ulation:of

cells; and




r

cells. Single VE-cad+ cel I's isolated froman enriched vascul ogenl c
popul ation were recultured on a type N'collagen-coated %Ocmwzm%ate One
 hour f\pbleawkngs Pl ating, 25 each wel | was visual |y exam gegibbmodaet h 1ight ..
and fluorescence). to, verify.the nunber of cells plated. In order to
study ‘their differentiation capability, single cel'ls ‘were cultured in- )
differentiation medi um suppl enent edi th hVEGF, or with hPDGF- BB  Si ngle
cel | col oni é®) coupefaties @@gépﬂgéathaalﬂ%»mrfgna Sanéygrxsﬂ pepulation eigcalisder  eit her

culture conditio i.n f 16 t 8% | ower than
~that 30 reported éfet“%lllargg%ﬁlaas al%e\f]agrefﬁ%‘ 1& F%Hé’:e\ﬁtm’é\‘fenaNature 2000; 408: -
1 92-96), indicating the dlfflculty of - culturlng singl e hES cells (Amt et |
al, Dev Biol. 2000;227:271-278), -~ 16 October 2006 WOD:03/ 087296 '

PCT/ 1 LO3/ 003’20 511he wsfhodafidlaimes, \ghsmmm(aéeﬁ offectedIBGRubpcHt® ﬁilfnaht Iy y
| uded & theljal cell 8. while .
e Seiefi Bl B %A 0 4811 Bl o PRI G b P

r esenbl dvagiiiNg 5&@@g§tﬁlﬂ B ESBAIs! ow;fdae@@ ol oﬂd o6l lsbdBng ebhcensEssed - SMA'
and cal ponin fqures 813i-ii) ln the VEG- 5 supplenmented cul tures; nost

of the hetween moa a0 AXA6T eelistamaf dogl prosenes oftlifeicomationdnediumi | - Ac- LDL -

met abol i sm (Figure 8CGii), thus indicating an endothelial cell phenotype:

" The exposure of VE-cad+ cells'1lto a specific growth factor did not result .
in ‘total cegl copmd ERid bP cRAG 6, WHaSH saheceﬁ@%rgaBﬂﬁﬁpm pRERked cultures
included cells expressing v-SMC nmarkers and cellsclassified as VE-cad' '
cel | s. isglated bydilappmevicaplednatyndiedeasitoniatat ures of the invention, whi ch -
are, for clarity, _ described in the context of separate enbodi nments, np%
al so be provided in conbination in a single enbodi nent. Conversely, ‘
various featgires pfe ﬁ]@&oﬂrb‘f%%xh%’wﬂﬁdi’élﬁ@alﬁrlgn}atflcﬂfb)bﬁﬁl‘éx%ﬂns d8sdd bed in the
context of a single enbodi ment, fay al so be 15 provided separately or in
any sunt:aialfétesbmumgrt)pumtwmmaﬁletﬂmngﬂ;lnine i'nvention has been described in.
conjunction with, specific enbodinents thereof, it is evident that many
alternatives, rmdl fications and wvariations wl I be apparent to those -
skilled in tfig arfpe ﬁfeﬁwddbﬁgiagnatwhéeﬁlnéa?mgﬂ, RrfiliATBI A6hs ald SUC
alternatives, nodifications and variations that fall int esplrlt and
br oad slnm;mmﬁ?ccﬂlse appended clains. Al publications, patents and patent

11. A method of preparing somatic cells fom 4 population of
vasculogenic progenitor cells, the method comprising:
(a) - obfaining a population of vasculogenic If)’fog'eni_tor- célls; and
(b)  culturing the population of vasculogenic pregenitor celis m the
presence o f at 1east one growth factor s uitable for i nducing somatic . - Yo

el differenﬁati:on-;-‘thereby preparing the somatic cells.

12, The method of claim 11, wherein step (a) 1s effected by:
(2) - - culturing individual undifferentiated ES cells it a manner suitable for
inducing differentiation of the - undifferentiated’  ES cells into
" ‘vasculogenic progenitor cells thereby obtaining a mixed populati;)n of
cells; and - | |
(b)Y - isolating cells smaller than 50 pm from said mixed population of cells,

said cells smaller than 50 pm being vasculogenic progenitor cells.




“applications nmentioned in this specification are herein incorporated in
‘their entirety: by reference into the specification, toltletsen200@xtent as
i f eachoio@imbglual publication, patent,.or patent appldGaio9iodns
.specifically and individually indicated 25 to be incorporated herein by i
~reference. In addition; citation or identification of any reference in this
appllcatlon shal | not be construed3ds an admi ssion.that such reference is

“avai | abl e asl3pri dlfhedfl@ﬂ?@@wfh]él%llés‘éh@reiﬂmm{la? t$rﬁffem@d®c’tsub18¢tnm®6 W -

- 03/0872 0 CL t hod . of
- vascul ogle‘nf?grr{ﬁ'ragcggﬁgt g‘*ﬁ‘g tgl s ef"? o?ﬁ‘e ﬁﬁ%‘ﬂ r emg] ﬁegl%c(ﬁe%rzg'%@?al%l gr% Pﬁcraefrg{‘lhgg
- conpri SoRGsHHA DT Qubidui! m%regmbwdmd; déneli grbeite Bhi BeeE R efeleking N a

‘manner: suitable for - ucin dlfferentlgtlon of .the undlfferentlated ES
cel | s- |cnvcﬁntsaa@,r¢lheb'gf@n@{mw@é XYY cadlsien amﬁalf@ﬂ@ycmbfduﬁ&rﬂglauom xed -
popul atiopn of cells; and (b) .isolating cells smaller than 50 pmfrom sal d .
m xed %ﬁ tion of ceIIs, said cells smaller than 50 pm being . : '
vascul ogeni-c progenitor cells. .2. The nmethod eof claim 1, wherein step (a): -
is effected by subjecting the undifferentiated ES cells to at |east one. .
condi tion: seldect e'ﬂlefliﬂomg of redavp tbn&h@@mrﬁgldotﬁellsmﬂdr fHgma¥ypegaei on of ES-

cells, .gro ol I a ent ration between 2X104 and
| X105. 8%11?9%2%% B?Eéf?n‘?%fa | on ‘medi im 3. Theé nethod of
claim1l1, wherein sai d cel 1s smaller than 50 pmare . i-sol ated, - .via

filtrati on, noi phonetry and/ordensitonetry. 4. The method of claim 3
wher ei n sai d5% f i | Theanétbod oEclatf &4 tvdibrein aaid ifalaticarby fiitratiomisefieced- si ze

- snaller.th?iﬁ}Slgaa'.r%g 5. The t dg& claiml|, wherein said C
4 oundi ff ERRTR R MIES REF FEC SRRE MR BS-cel Is. 6. A nethod of preparing
epithelial. progenitor cells from undifferentiated ES cells, the nethod
conprising: (a) culturirng individual undifferentiated ES cells in a manner-
sui t abl e forl6. i ndileimgthdd bifelamt § Btwhereinfs aidwendiffdichfised B ol rES cel | s
into \ﬁ%;sn%%lﬁg&rﬂsc progenitor cells thereby obtaining a m xed popul ati on of

17.  The method of claim 11, wherein said growth factor is selected from
the group consisting of vascular endothelial growth factor (VEGF), angiopoietin
(Ang), platelet derived growth factor (PDGF), ephrin (Eph), fibroblast growth factor
(FGF), tumor growth factor (TGF), placental growth factor (PIGF), tumor growth
factor (TGF), cytokines, erythropoietin, thrombopoietin, transferrin, insulin, stem cell
factor (SCF), ‘Granulocyte colony-stimulating factor (G-CSF) and Granulocyte-
* macrophage colony stinulatinig-factor (GM-CSF). -

18.  Amethod of preparing vascular tissue, the ‘_metliod comprising:

(a) - obtaining a population of véscu]ogenié progenitor cells; and

(b)  culturing said population of vasculogenic progenitor cells in the
- presence of at 1éast one vasculogenic and/or angiogenic growth factor,

under conditions suitable for inducing vascular tissue differentiation.

19: . The method of ¢laim 18, wherein step (a) is effected by: 7
(a) cultaring individual undifferentiated ES cells i in a manner suitab]e for

mducmg differentiation of the undlffcrcntlated ES cells into

v




“via a filter

cell's; and 16 October 2006 WD 03/087296 PCT/|L03/00320 56 (b) i sol ati rigl‘-‘- |
cel'ls l.arger than 50 pm from said nixed popul ation of celibctolmakoOeel s -

| ar gerwiohRRs@s Pm bei ng, epithelial progenitor cells. 7pcERe sz% hod of g
claim6, wherein step (a) is effected by subjecting the undifferentiated

ES cells to at |east one condition-selected froma group consisting of

~ avoi di ng aggregation of ES cells, gfovth on collagen, cell seeding
concentration bet’%@é@hg«zxwmgamsormil@@q;ew théw&lgaﬂndnml?éloofof
differentiation n@ %Qd 8 The nethod-of claim6,- wherein said cells | arger
than 50 pmare S0 *at'ed by filtration, nor phonet ry ~and/ or den5|tornetry

9. The net hoeb%of sbnting Sellsvihpiled ﬂlaﬁaoth HOALdi@ il Hd ;Sl d:'utlzitﬁﬁl'df@ellss effected _
aving a. I;;ore size smal l'er than 50 pm The method of cltaim

-6, wherein sai d. swdivdlissmalier thee §0 pa beihg vaseulpgenio progeBBoredllss. 11, A
met hod of preparing somatic cells froma popul ation of vascul ogenic
progenitor cells, the nmethod conprising: (a) obtaining a population

of vascul ogenp@. preEERictidd dTldisy 193'%@1&4?1) st%:fl'(&)i”s'eﬂ@ct%ﬁ% Qﬁﬁfé&tﬁ{gtﬁl@ of
vascul ogeni ¢ progenitor cells in fhe presence o ?’ edst one growth

f act or - undiffaishiéated (ES - colu ¢ g leastramieccondgidn éiﬁrhgeseéawecmﬁrountahgmpy :

) prepari t he S matL ce hod cl ai ei.n step (a)
s eff e‘é‘ﬂ}?&u% (B> P&ﬁeﬁﬁlq%ﬂg&%dg%f @ﬁ‘&\”%’f 2 &R f‘%f’f"ed’e §CE%‘PSS in a
manner sétickabdiRn WWiwed Nt andlii KN 6 @Blid/ah? aRa PlestiG HPdifddk&igRbhat ed ES
cells into vascul ogenic pr ogenitor cells thereby obtaining a mxed -
popul atiediugf. . cells; and '(b) isolating cells -smaller than 50 mfrom. sai d

m xed popul ati on of cel | s, said cells smaller than 50 gm bei ng _
vascul ogeni c progenitor cells. 16 Cctober 2006 WO 03/ 087296 -PCT/ 1L03/ 0032’0

57 13. The ppthothOhellod 87 difim WOLHALRPLAR il shanl ik sRrhuRYargub) ecting

- isolated by filtration, mo,rphonietry.and/or densitometry. .- -

22. The method of claim 21, wherein said isolation by filtration is .effc'cted :

via a filter having a pore size smaller than 50 pm.

23. The method of claim 19, wherein s aid undlfferent:ated ES celis are

:_human ES cells.

24, The method of claim 18, wherein said populat;on of vasculogemc-_’

progemtor cells 1s cultured in a semi-solid, vascularization-promoting medmrn T 1}

25.  The method of claim .18, wherein said population of vasculogenic

progenitor is cultured-on a 3-dimensional scaffold. -

26, 'Fhé method of claim. 18, wherein said vasculogenic.and/or angiogenic

factor 1s selected from the group consisting ‘of vascular endothcliél growth factor

| (VEGF), angiopoietin { Ang), platelet derived growth factor (PDGF), ephrin (Eph),

.ﬁbroblast growth factor (FGF), tumor growth factor (TGF). and pIaccntal growth
'-.-factor(PlGF) S _ S A




~ ‘undifferentiated ES cells to at |least one condition bei ng' sel ected from
agroup consisting of avoiding aggregation of ES cells, #60wtdbeo®0ds0l | agen,-.
cel | swedizmgrz96oncentration. between. 2X104 and 1X105 cettsiangsmnd
.. -presence of differentiation nmedium 14. The; nethod of claim 12, wherein
- said cells smaller than 50 mare id%ol ated by filtration, norphonetry o
and/ or densitometry. 15 T t hod”of cl-aim 14 - wherein said isolation by
filtration ié’?'ef fécf‘é‘aé‘?q/i%eé]g%ml”é?gh%i_%&ecé Bf)r"e | FioE V32 han 50 gm
.16, Thegwidpaing g%dﬁh-laﬁﬂﬁ&'%diﬂgéﬁﬁﬁ,'tﬂeﬁieﬁ{dadbﬂ‘iﬂl{s'fxﬁr:.em'_at ed ES cells are -
. human -ES cel'l s. "I'T-The net hod of claim 11, wherein said growth factor is
. selected frofm thebtgmogm ppokitshiofigawulogasryregengndodisel i al growth factor -
-(VEGF), angiQpoietin.. (Ang), platelet_deriyed gromh factaqr - %PDGF), ephrin
(Eph), fibrofWast® éwéhsa?%d%"@}‘%“(’#@ﬁ vagah “%r BURgsnerc pells tordhs | .
placental. growth gagkof,q(PIGF), tunor growh factor (TGF), cytokines, o
erythropoi etin, thronbopoietin, transferrin, insulin, stemcell -factor =~
(SCF), Granu{cpcyt deternlining-anteffeul eff tha dadiandnsaid GeElkjiornofivascwogdndc yt e-

macr ophage col ony stinulatjng factor (GWCSF)." .. A nmethod of preparing . -
vascul ar. tissue, PIRESTHOF ifsHs g‘bﬁ%‘?‘%ﬁ ﬂé‘m{’ﬁ‘)? %ﬁtehgeﬁf'ﬂljf@fﬁ?pfﬁsﬁ‘ﬁlﬁbn of .
vascul ogeni c proQ&éUeio%heﬁE' I's; and . (b) culturing said population of
vascul ogenic progenitor cells in the presence of at |east one vascul ogenic
and/ or angiogenic growth factor, - under conditions suitable for inducing _
vaseul ar tisgue differentiatjon_ _19. The rreé hod of claim 18, wherein step -
(a) is effected byhepsiodof elatm dd. Whereln denda) tdtacted it i ated ES cells in a:

Y y'nmanner | suit e f Al 0AUE] ‘ - i.at ken . i ff nt i ated ES

) GaTs into 18 oot ShurmBEHE AR AEALES B i SRR EEI MO0 D
progenitor cells indeciapydidfeiatiatiorg &f ntha edndifiprehtitedn &S celd lidgo and (b) ..
isolating cells smaller than 50 pmfrom said m xed popul ation of cells, -
sai d cel|'s smal | efaspHagentpprogeiiny cois Bisrdyahtanpe syaiicd porelefionof 20, The
met hod of cl ai m.lgeusy\g}ﬁrei n step (a) is-effected by subjecting the o

.(b)  isolating cells smaller than 50 pm from said mixed population of 66113,- '

said cells smaller than 50 um being vasculogenic progenitor cells. -

29.  The method of claim 28, wherein step (a) is effected-by;f_subjé:c-ting.the
undifferentiated ES cells .to at least one condition being selected from a group |
‘consisting of -avoiding- aggregation of ES cells, growth on collagen, cell seeding
.concentration between 2X10* and 1X10° cells/om? and presence of differentiation

medium.

30 . 'The method of claim 28, wherein said cells smaliér than 50 pm are

isolated by filtration, morphometry and/or densitometry.

31..  The method of claim 30, wherein said 1solation by filfration is effected

~via a filter having a pore size smaller than 50 pm.

32.  Themethod o fclaim 28, wherein said u ndifferentiated ES ¢ elisare

human ES cells. - - _ L Coe R




undifferentiated ES cells to at . |east one condition being : sel ect ed
froma group . consisting of avoiding aggregation. of.ES délOcsobeg2@td h on .
col'| agwo,03m81%6 Seedi ng. concentration between 2X104 angcixlBmosnl | s/ cng .-
and presence of differentiation nedium. 21. The nethod of claim 19,
wherein said ceI | s smaller than 50 pmare isolated by filtration,

nmor phometry ¢ densi to The hod .of claim 21, V\/nerel n sai d

i solation b l?ﬁl“S of o @ﬁq“%‘c% AL tgeltf Giqrdls ah%'{\l??‘tzl@ceaandﬁ?fr%‘ si ze-

smal | ermtvnaﬂné,qamactgg The nethod, o f ¢ laim19, wherein s aid u "
ndifferentiated ES c ells are human ES cells. 24.. The rrethod of claim18,
~wherein said populatlon of vasculogeplc progenltor cells is:cultured in a

ser -sol i d, sculari z 3 25. _The. . nethod of clai m
18, wherein élfsalutb @ng’Fﬁﬁ" E%f%@l&ﬁmfémplscfg@mtmaﬂg@gewm edon, a
3- di mengjgnpal g a.sesg BETMIE eI bl Sptle” Sl

-vascul ogeni ¢ and/"or angi ogeni c factor is se ected rom

consi staullgnngtmdqmpulaaon @lﬁdesduhjgenlc gbgemhr falld onder (C¥R@fpns angnbh:pm etin
(Ang), g atel et deri v h fac ephrin (Eph), fibroblast
gr owt h 585”6‘?0“(’%(3@?03? r"’“ PHYRIFOZ F(“F’)@i? steg®- pl acental growt h
factor (PIGF). 16 Cctober 2006 .WO 03/ 087296 PCT/1L03/00320 59 27_ A
nmet hod of determ ning an effect of a factor on vascular devel opnent ,
growt h and/ d¥5. nodTtie methbd of claire 2fpwhadircthefidtes i3 putaveodngiigandss a

popul.ati gn of vascul ogeni c progenitor cells; exposi.ng sai d. popul ati on,
of vasc@ld@gé’ﬁﬁ%‘??ﬂeaﬁ%wﬁfsgmé@ﬁl% herepst the methed Mﬁgﬁ@ﬂp@;lnaev@rmgu ng an

ef fect or.¢0 p a (0] rRoe or cellg
to there %%tu iea’;i‘lr%lhngft g%g%gifog%@? # k%traeo gér?ngaégﬁ% gz%ﬂ%%\%? pHENt. 28. The.
met hod @;fgmghﬁesma?xworwh@ﬂuﬁdgm@isqﬁc(radsﬂep (ef.fected by (a) culturing

I ndi vi dual undifferentirated ES cells in a manner suitable for inducing .
differentiati.on of the undifferentiated ES cells into - : .

36. A cel} culture comprising a population of vasculogenic pl'ogenitor
cells being sustainable in 2 proliferative state for at least 14 days and being capable of
differentiation: into. smooth mus’cle,. endothelial and/or"hemafbpoietie' cells upon
exposure to at least one growth factor selected from the group consisting of vascular

" endothelial growth factor (VEGF), angiopoietint (Ang), platelet derived growth factor
(PDGF), ephrin {(Eph), fibroblast g;mwth factor (FGF),: tumor growth factor {T GF)
placental growih factor ‘(PlGF), .. cytokines,. - erythropoietin, thrombopmetm, -

Aransferrin, Insulin; stem cell.factor (SCF), Granulocyte colony-stimulating factor (G-

CSF) and Granulocyte-macrophage colony stimulating factor (GM-CSF).

37. - The cell culture of claim 36, wherein said. population of vasculogenic

progenttor cells is capable of expressing at least one exogenons polypeptide.

-38.  The cell culture of clasm 37, wherein sald-.exogenous polypeptide is
selected from the group consisting of cell-surface :markers, - cell-surface antigeéns,

angiogenic factors, vasculogenic factors and hematopoietic factors.

39.  The cell culture of claim 37 whereln said exogenous polypeptlde is.

expressed in an inducible manner.




~ vascul ogenesi s. upregulator wher eas t he net ho

~—

cells 29. The nethod of claim28, wherein step-(a) is e
subjecting the undifferentiated ES cells to at |east one condltlon bei ng

‘vascul ogeni' o br ogenitor cells thereby obtaining a m xed popul ati on of

cells; and (b) isolating cells smaller than 50 mfrom saﬂ(lenftobedzmhﬁpul ation

of cel¥y®o0308R0gl cells smaller than 50 pm bei ng vascul ogf?mwgfgg nitor
ecte

sel ected fro a roup consisting®f avoidin ]gnaggregatl on of ES cells,
growth on cot Coptopitien o majter cempaisingad Sehstralseander poptatph efid  1X105

~cellslc ffiffarentiation .The thod.of_c_laim"
- 28, mhe%?%ggeal deﬁgg%gmgrﬁaﬂ?er KR &P ansc"glggemf;s%‘ioﬁ?'&?rbﬁe M ation, = - -
~nor phongrepatedfidinaindiieiti QLS Mells:i:érafﬁ@ﬁloﬂﬁbﬁ?ﬁsﬂé thd @bpl: 30, Wﬂer ein said -

isolation by filtration is effecte via a filter "havi ng a pore size.
smal | er tharfab0o rgulturigg mdména}g{nﬂd&rmtiatgi Eficelloings manaersiurtalse ford

undi fferenti at ed el S ce toher 2006 WO - .
03/ 087296 PCT/lLo‘g? ‘h‘ g%‘“"‘rn‘g‘n&g ‘8@1}3%38?“3?‘?? 2% a9 t he factor
is a substance amﬂsaﬂogémcﬁ@geﬂm&sn&ﬁieréb@%%mnéém&l%& pORliGsh & claim 27,

wherein. the factor is a putative angi ogenesis and/or vascul ogenesi s
downr egul at or, wsHaandt he net hod furt her corrprl 5| ng culturing said

lation’ ul | d ble f
oot | ng. ant) ogareFEREABRRGIEM P i epst t%%p@%é%?%fb% sae The
net hod of- claim %Z»dd@h@é:ﬁhlt{b;&ﬂi@i@&:h%lﬂgsvz@cﬂe% B @:ﬁ%@aﬂqes' s and/or

ur er conpri si ng ~

culturing sakd :population of vascul ogenic progenltor cel | s under

- yconditions I mtl an enessand/ r vascul ogenesis prior.to step (b).
< 36. A céll I tur c8f’r{5‘8 %fj s AP; arhegpny st Eu&ig’én?&ecﬁ%d’é(m t or :
cells bﬁbj@:@uﬁg‘ﬁk@nﬂﬁ@r&ﬁa&d‘%@ﬁ@lé fooh ¥dst Sn EtdRior] wtn%%%%c?ﬂisfl ml 4- days and

bei ng capable of differentiation into snooth nuscle ral and/or
hemat om)gmupccowrsﬂng ob evoideygpaggiegatipn thSetwﬁs gmwtkyromvxtdllagat;tmtl sel ect ed

ool o e B8, S o0 L3 o ()

differentiation medivm.

42, The composition of claim 41, wherein said cells smaller than 50 pm
are isolated by filtration, morphometry and/or densitometry..
43. - The composition of claim 42, w herein s aid isolation by filtration is

effected via a filter having a pore size smaller than 50 prmn. -

44.  The composition of claim 40, wherein said undifferentiated ES cells

- are human ES cells. -

45.  The composition of claim 40, wherein said substrate is selected from

the group consisting of matrigel, collagen gel, and polymeric scaffold.

46.  The composition of claim 40, wherein said vasculogenic progenitor
cells. being contacted with said substrate in a manner so .as to induce vasculat

development within said substrate. - : o




~ wherein s

(PDGF), ephrin (Eph), fibroblast gromh factor (FGF), tunor growth factor
:(TGF), placental growth factor (PIGF), . cytokines, er)bhbaga eodmn,
thronbopoietin, .transferrin, insulin; stemcell factor (SCF), G anul ocyte
colony-stinul ating factor (G CSF) andgfx anul ocyt e- macr ophage col ony
stinulatig? factor (GWCSF). .. *<- 37. The cell culture: of claim 36,

d. Hepaf ameanadén ohyesrlogens erogenidrselsin g manyfactegfifl e of
eXpr essi Ngordbosit AR H0GehIOHCRRYENRG! IPERYalSar HhseadDSr SEhAiGHIRY © Of
cl aim 37, rel n sai d-exogenous polypeptide is seiected from the group
consi st i ngraofmalish sulsjectf§ whereim ik eses said pephlatetr descidoganiepe genitongeligeni ¢

factors, vascul ogeni.c. factors and hemat opoj.etic, factors. 39. The cell
culture of @Pﬁ%lmé%&aﬁ%}% % SukEYR UOW&%Q@@W&@? R4 iSHOEtY bl e
manner. 1ncak elel theRB§ all%@%&@?ﬁ&l%éé&k@&l QHdedn61 40. A conposition

of matter conprising a substrate and a popul ati on of vascul ogenic
progenitor cells, wherein said vascul ogenic progenitor cells are prepared
fromundifferentiate S cells by a.nethqgd.conprising the steps: (a)
Ut ur g nas S o i et S P AU el BRE S ¢ o
i nduci ng fichpestbenld SHainedhy: the undifferentiated ES cells into
vascul ogeni c progenitor cells thereby obtaining a m xed popul ati on of

cell's; and (b){@ sol attupge dedividualmidilderentintgd BY cells ingrmeanet switgdd fpropul ati on-
of cells, said cel] |l h 0 bei ng.Mascul ggeni c. pyf.ogeni t or
cells. 4L The corrpolélltci ’f“?hg 8&%%"51}%?%10 O,OP re lfﬁ?%ﬁla@)elfgs 8$¥Segf@d by

subj ecting the undi{dsenleginicprogedifor eelld; s to at |east one condition. being

sel ected from group consisting of avoiding aggregation of ES cells;
growt h onthewsPy ghemingepxedpoguiation eberdlsndat i on bet ween 2X104 and 1X105.

cel I s(cn? and gk esence:: i f | api ' - : Ltion of
cl ai m( 41, wher ?n glg(:}lgn-@eﬁlglséjﬁghe@%ﬁ ?@I'gﬁ{‘ggﬁ%a}&% g%laggﬂlgl? té(gf)%%;&?l |E’I ![ ration,
mor phomet ry and/ or shhedlls emellenthan S 3m bee vasdidognid pogaiiot aéllm 42, wher ein

said isolation by filtration is effected via a filter having a pore size
smaller than 50 m: 44. The conposition of claim40, wherein said

undi ffereg i ategt & Cot lchim 48, wherein step (a) is affected by subjecting the
B ' undifferentiated ES cells to at least one condition being selected from a group
consisting of avoiding aggregation of ES cells, growth on collagen, cell seeding
concentration between 2X10* and 1X10° cells/om? and presence of differentiation

medium.

50.  The use of claim 49, wherein said cells smaller than 50 um are isolated by

filtration, morphometry and/or densitometry.

- 51.  The use of claim 50, wherein said isolation by filtration is effected via a filter

having a pore size smaller than 50 pm.

52.  The use of claim 47, wherein said undifferentiated ES cells are human ES

cells.




“are humen ES cells. . 45. The conposition of claim40, wherein said
substrate is selected from the group consisting of matri geélQctesdrRegen gel ,
and; pol yneric scaffold. 46. The conposition of ¢ laim4 0, wherein said v
~ascul ogenic progenitor cells being ggntacted with said substrate in a
“manner sq_.as to induce vascul ar devel opnent within said substrate_ 16

Oct ober 2806 169 vagof elgim 47, véhepop sdid vasenlaoflisvas odaginidcispr ogeni tor cel | s

~in the mapuf; e omposi-tion faor the relief or prevention of a
vascul ar %i sg(ggrgﬁloargggﬁa?%wgﬁgio C‘%{lgeﬂﬁﬁﬁé?q“g‘lﬁ dsepjas peqiirrdr@sqlar n use,
sai d popdisatdecrandfischast4itepgeiiion pfggeni tor cells is capable of

differentiating under suitable conditions into endothelial and snooth
nmuscle cells, thereby alleviating said vascul ar di sease or condition. 48.

The use @h. cl aiyp,47% g I,d..popul ation.of .vascul ogeni c progenitor
cells is capa_tlgll 6 of eﬁlﬁg Ogg?%}lﬁgg%%ﬁm?wal&ﬂ ?ﬁf?‘?’ﬁﬁe Y“%ﬁ%o@i dual

undi ff er edmpratiegl ES cells in a manner suitable for inducing
differentiatipn of the. undifferentiated ES cells into vascul ogenic

progeni tor cel¥s; PHaMEER HRuAiRef vascHogenic pepeniter ashis;of cel |'s: and (b)

i solating cel{tg sngd ; ‘ ¥ | hxed. popul ati on of cells,

said cells sng)ljl er _tdﬁﬁlnggﬁgﬁ%g% lggjg&c%ﬁggrecge?lé Wﬁglosﬁgﬁ?‘?lapa Bls. 49. The
use of claim 48, whsReimvigvepdéapnisioas fitabRbobYHmSluh LRt ARG
undifferentiated Ex cell s tlo at | east one condition being selected froma
group consisting OF SV MRFELRYPegAler sHlisdntopndetielial andseaeth on col I-agen,

cell seeding Conmmd@@dlﬁ,%g%gy@ﬁ%&f%%? uﬁéﬁﬁ%ﬁtﬁ%gsﬁlcm and presence
of cl )

of differentiation medium 50." The us alm &1 €in said cells
smal l er than 50 gmare isolated by filtration, norphonmetry and/or
densitonetry. 51. The use of claim50, wherein said isolation by filtration

ool ol m AT, uher e n Sard Cac Tos hmiERe O fpddR), 39,008 ™
cel FEbIogRTRcgpiifor o offected by: S |
(@  culturing indiv-i_dual‘-zindiffercntiated:ES‘ cellsin-a mannar.isuitéb,['c for
inducing differentiation of the. undifferentiated  ES cells into
-vasculogenic progenitor celis;
thereby obtaining a mixed population of cells; and
(b).  isolating c.elrl»s smaller, than 56.um from said mixed -po_p_ulatibr—rof cells,

said cells smaller-than 50 um being vasculogenic progenitor célfs. :

' 56. . Themethod 'a_f:clajni‘:SS,-wherein- step (a) ts effected by subjecting the
undifferentiated. ES cells -to at least onc-i:qhd'it.ion -being selected from. a group

_ consisting of avoiding: aggregation of ES cells, -growth on-collagen, cell seeding
| cenccntmtion-betvsr_een 2X10" and 1X10° cells/om? and preseﬁce ‘of - differentiation

_medm.

37.  The method of claim 56, Whérei‘n ‘said'.éc'l.l,s sinallet than 50 pn are

tsolated by filtration, morphometry and/or densitometry.

58. The method of ¢laim. 57, wherein said isolation Ey-ﬁlt-ratiﬂn is effected

.via a filter having 2 pore size smaller than 50 pm.




63 53. The use of claim47, wherein said vascul ar disease or condition is
-sel ected .froma group consisting of congenital vascul ar 06 &etdber 3006acquired
vascul ar disorders and ischem a/reperfusion injury. 54. An in-vitro method
of vascul arizing a manmal i an tissue, ¢he nethod conprising: (a) obtaining

a popul atkgn o | I r nitor, cell.s: ntacting saj

vascul oge:jﬁg'c pfrlﬂgég%?#g?ﬁ?gﬂhﬁggw‘gﬁ%e@ﬁgﬁl ‘f@ﬁ#ﬁgﬁt&g& ]f€§§éﬁé'"? W‘ﬁgg under
conditionsellsuitable for stinulating differentiation of said vascul ogenic
progenitor cells into endothelial and snmooth nmuscle cells, thereby
enriclmng the vascularity of the tissue. 55. The nethod of clai m 54,

wher ei n opp.ai m I i . i r I s is

ef fected by. g@%’ﬁ‘iﬁ?ﬁ?fﬂﬂ%%%ﬂaﬁﬂuﬁ I eglgﬁ%slﬁg eag.gﬁéh{::egﬁ’ §8+na

manner . : YasPulatissug ipmeed ofiasculgizdiié.er enti ati on of the. undifferentiated ES
cells into vascul ogenic progenitor cells, thereby obtaining a m xed :
popul ation of cells, and (b) isolating cells smaller, than 50 mfrom, said
ni xed popel.at i Db metho§ 8F bigi | lshid o34 Farzleh ihg

vascul ogeni ¢ progenitor cgyfnllg?’a%%?aﬁﬁ%annzé%gﬁ%%ﬂ%ﬁ%ﬁ%g%gei n step (a)
is effecti®sdy subjecting the undifferentiated ES cells to .at |east one
condition being selected from a group consisting of avoiding aggregation
of ES cells, growmh on collagen, cell seeding concentration between 2X104
and 1X10%2cel I15decorPa pophlgHorseMitodbgdiid hakemidraleii®th tHGHINRLRE of Bhe Mmet hod
of claim 56, wherein said.cells sma%l er  than 50 mare 1solated by

filtrati GRMPREHARSorcthe yeligh @r prevartion ofo adtematol 5@ cal Tissaseetrmmadisiondhai m 57,

bore i i AR et Bl A hbu SR Sriisalddtaf orgtaiprogl ol ar m
54, wher és capabledf différéhtetipgtundéraditdie ceddiSoryiato ehapmeks? and Bldod-cefif. The

met hod of, cl aiarﬁ 54, wherein said mammalian tissue is an engi neered, non-

thereby alleviating said hematopoietic disease or condition.

63.  The use of claim 62; wherein said population of vasculogenic progenitor cells
is capable of being obtained by:

(a) cultuﬁng individual undifferentiated ES cells in a manner suitable for
inducing differentiation of the undifferentiasted ES cells into
vasculogenic progenitor cells, thereby obtaining a mixed population of
cells; and |

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

said cells smaller than 50 pm being vasculogenic progenitor cells.




vascul ar tissue in need of vascul arization. 61. The nethod of clai m 54,
wherein said manmal i an tissue is an enbryonic tissue. 62 Ockbeal(la
popul ati on - of vascul ogeni ¢ progenitor cells in the nmanufacture of a
conposition for the relief or prevent®on of a hematol ogi cal disease or
condi tiong4. N arhd"RPEBAA 3 UBE € eLel i e, ;Sai.d _popul at j,on of
vascul ogeni ¢_progeni toﬂr %Ic%gﬁl gg’ ﬁihegég%a%%r}%} lgi #ﬁ%’%@n%ﬁa?@ﬂ‘gﬁﬁﬁdmﬁ sui tabl e
condi t i orndifierentutedo Efetdllal toand ldako ode wohdiion Behigy edlyctad |y al igRgipsai d

hemat opoi et j.c.di sgase ,or condi tion. . The use of cl aim 62 erein said
popul at i o&skggm\)gaégﬁlv%lami %g%?gfﬁ}@ﬂi?fogg slls.seropéh oapemlagenst celleserdingbt ai ned
by: (a) awhéantdaign beskesh dualo*undi % a5es; ' ?Jg&% suitable
for inducing differentiation of the un |??§%g§&r§¥éghé€§mé@ S |ﬁ) o]

vascul ogd®diumr ogeni tor cell's, thereby obtaining a m xed popul ation of

cells; and (b) isolating cells smaller than 50 mfrom said m xed popul ati on
of cells, said cells smaller than 50 gm bei ng vascul ogeni ¢ progenitor

celI's. 1&50ct amemsaaﬂﬁamﬁ@,%erém@aiuwlmnﬂz@aih%§§p|n¥\£&%ri§‘dl£tef5§p (a) is

effected l%@i;:ub;ngcti ng the wundifferentiated ES cells to at |east one

conditio Mg meEeRIcly apd/gRdensitpmatsy. consi sting of avoi di ng aggregation
of ES cells, growth on collagen, cell seeding concentration between 2X104
and 1X105 cells/cn2 and presence of differentiation medium 65. The use of
cl ai m 6466mwheilbe nsesaficthimeds, svherei $aid isblation b filhA08 i¢ S@RsEHa R¥iltef i | tration,
nor phomeg ry and/ or.densjtonetry. 66. The use of claim65, wherein said

i sol at i of®YYe f PPEESHECIS iF’rsthé‘F#éé‘Pbd via a filter having a pore size
smaller than 50 m 67. The use of claim62, wherein said undifferentiated
ES cells are human ES cells. 68. The use of claim62, wherein said

hemat ol o@-cal Th¢ swadfelaim 62pwhereinosaid endifatRtta@DES celB Ae BEMAHPESONSi Sti ng of
congeni taI1 bl ood di sorders, acquired blood disorders, clotting disorders
and neop‘feég‘ti c disease. 69. A nethod of preparing endothelial cells from
vascul ar tissue, the nethod

68.  The use of claim 62, wherein said hematological disease or condition is
selected from a group consisting of congenital blood disorders, acquired blood

disorders, clotting disorders and neoplastic disease.

69.  Amethod of preparing endothelial cells from vascular tissue, the method
comprising:

. (a) subjecting the vascular tissue to conditions designed in-vitro for dissociating
cells from the vascular tissue, thereby obtaining a mixed populaﬁon of
dissociated cells; and

(b)  isolating cells smaller than 50 um from said mixed population of cells,
said cells smaller than 50 pm being endothelial cells.

70.  The method of claim 69, wherein said cells smaller than 50 pn are

isolated by filtration, morphometry and/or densitometry.

1. The inethod_ of claim 70, wherein said isolation by filtration is effected via a

filter having a pore size smaller than 50 yim,




conprising: (a) subjecting the vascular tissue to conditions designed
in-vitro for dissociating cells fromthe vascul ar tissues Ochdectyns
obtaining a m xed popul ati on of dissggiated cells; and (b) isolating cells
smal ler than 50 mfrom said m xed poptifation of cells, said cells smaller
than 50 pfighei e medotloglaah 0Cwhareinfid vERENAYSRCs Bmh ShdTufiP isater ef
said cells smaller than 50 mare isolated by filtration, norphonetry

and/ or densitonetry. 71. The method of claim 70, wherein said isolation by

filtrationis RFE&RSESE M bl 1:€ ving a pore size smaller than 50 m
16 Cctober 2006 66 7§f#ilﬁe ﬁeeﬂdé%}m%f’é]%I%%v%iﬁgP%W&tﬁeg‘ﬁﬂ’dvascul ar
ti ssue i scomprsmgrascul ar tissue. 73. A nethod of preparing epithelial
cells from vas®ll ar tissue, the nethod conprising: (c) subjecting the
vascul ar tissu€’ t o Dbieting hayayalar Gsseetd sonditionpddsnediirssooifat dissgeiatimy | S
fromthe vascul ar tdef§sgem th ¥l m xed popul at i of

m thBSL&RA f043! tﬂ%&gﬁglﬁtgwgdq &4 ﬁEP’i’/Pﬁu al

di ssoci ated cel |'s; thereby obtalning & mXxe SHdOPHE

cells; and (d) isoldissorigtedeklls; thaetyeubtiihing a20ixed Hogulatienl of ifdivRdalpopul at i on
of cells, said cells smaller than 50 mbeing epithelial cells. 74. The
met hod of clai m 73, @Pngi n said cells larger than 50 mare isolated by

filtration, dphonjlstih igoo'gﬁ . d of .claim 74,
wher ei n sai drriqu(;I ation gesagéﬁgrég?:i%‘n (S teﬁgo}‘%%ag(ggllgéai}ogﬁfapfqﬂ)g?dﬁavi ng a-
~ pore size smaller sdgehosmaller hanTiqumbeingapiticliel edll) 73, wherei n sai d
vascul ar tissue is human vascul ar tissue. 16 October 2006 WD 03/087296
PCTIIL 03/00320 1 SEQUENCE LI STING <110> Gerecht-Nir , Sharon

kovi t Z4El ddh i ;
HDE l\r(m: T % du ewﬁfﬁ%, WiMeln Ml Par kG o L a¥ £5Rked by

Itration, morphometry and/or densitometry.

‘et

75.  The method of claim 74, wherein said isolation by filtration is effected via a

filter baving a pore size smaller than 50 pm.

76.  The method of claim 73, wherein said vascular tissue is human vascular tissue.




+ DI FFERENTI ATl ON OF VASCULOGENI C PROGENI TOR CELLS <130> 25949 <160> 22
- <170>. Patentln version 3.1 <210> 1 <211> 23 <212> DNA1&DEheAPd06f | Ci al
. sequenceggféééf <223> Single strand DNA ol i gonucl eotide <400> 1 ccagct at gt

<210> 2 <211> 22 <212> DNA <213> Art PETER300828quence

gaagaaga
- <220> <223> Single strand DNA ol i gonucl eotide <400> 2 .. ,. - gtgatctcct
tctgcattcg gt 22 <210> 3 <211> 24 - ------- I 16 Oct ober 2006

WO 03/ 087296 PCT/ 1L03/ 00320 2 <2i@=EnbBhlArs2h@®> Artificial sequence <220>

24

()

.‘\“-'/f

<223> Single strand DNA oIi%onucIeotide <400> 3 gagtgtgcag acggaacttc agcc

<210>% 10> Gerecht-Nir , aron
Itskovitz-Eldor, Joseph

. <120> NOVEL METHODS FOR TﬁE IN-VITRO IDENTIFICATION, ISOLATION AND
. DIFFERENTIATION OF VASCULOGENIC PROGENITOR CELLS : .

<130> 25349
<1l60> 22
<170> PatentIn version 3.1

<210> 1
<211> 23
<212> DHNA

<213> Artificial sequence

<220>

<223> 8Single strand DNA oligonucleotide

<400> 1 -

ccagctatgt gaagaagaag agy 23
<216> 2

«211> 22

<212> DNA

<213> Artificial sequence

<220>

<223> Single strand DNA oligonucleotide

<400> 2 o AR
gtgatctcct tcetgeatteg gt 22
<210> 3

<21l> 24




<211> 21 <212> DNA <213> Artifici al sequence <220> <223> Single strand =
DNA ol i gonucl eotide - <400> 4 gtctgtgccc aacttggggt ¢ 21 160¢@ber B06211> 24

<212> Iﬁ#b Artificial sequence <220> <223> Single .
ol i gonuc ﬁﬁgﬁg% <400> 5 ctacaggagc atgctgcagg atcg 24 Pyilg@ﬂ%]%lélb 24
<212> DNA <213> Artificial sequence <220> <223> Single strand DNA

ol i gonucleotide - - ------------ 16 ©xtober 2006 WO 03/087296

PCT/ | LO3F®¥#320P83 <400> 6 gcttgcagaa gctgcéttctc cagec 24 <210> 7 <211> 22
<2123 ONA, - B o3 5213> Artificial sequence <220> |

gequence
""" <220>
<223> S§ingle strand DNA oligonucleotide
<400> 3 B
gagtgtgcag acggaacttc agce 24
"«210> 4
<211> 21
<212> DNA-

<213> Artificial sequence

P

<220>

<223> Single strand QNA-oligonucleotide

<400> 4 .

gtctgtgece aacttggggt c ' - 21
<210>- 5

<211> 24

<212> DNA

<213> Artificial sequence

<226>

<223> Single strand DNA cligonucleotide

<400> 5 .

ctacaggage atgctgcagg atcg ' 24
<210> 6

<211i> 24

<2i2> DNA

<213> Artificial sequence

<220>

<223> Single strand DNA oligonucleotide




<223> Single strand DNA ol i gonucl eotide <400> 7 cgcgaagtgc agtccaaaat cg
22 <210> 8 <211> 23 <212> DNA <213> Artificial sequences OsdBec200823>

Singl e S&Jaﬁg DNA ol i gonucl eotide <400> 8 gggctggttc ttcttcaatg ggg 23
<210> 9 YOIBUEZP6 212> DNA <213> Artificial sequence <PEUHLOIBORS Singl e

strand DNA ol i gonucl eoti de <400> 9 aacaacctga aagccaggag g 21 <210> 10
<211> 20 <212> DNA 16 Ccteber 2006 3D 03/087296 PCT/1LO3100320 4 <213>
Artificiartequence <220> <223> Single strand DNA ol i gonucl eoti de <400>
10 gct got ¥Yt PGt ITECHECL2029%210> 11 <211> 20 .<212> DNA 24

<210> 7

<211> 22

<212> VDNA,

- <233> Artificial sequence

<220>
<223> Single strand DNA oligonucleotide

<400> 7 .
cgcgaagtge agtccaaaat cg 22

.
<210> 8
<211> 23J
<212> DNA

<213> Artificial sequence

<220>

<223> Single strand DNA oligonucleotide

<400> 8 -
gggctggtte ttcttecaatg ggg 23
<210> 9

£ ) <211> 21

«212> DNA

<213> Artificial sequence

<220>

<223> Single strand DNA oligonucleotide

<400> 9 o . ; - :
aacaacctga aagccaggag g 21
<210> 10

<211> 20

<212> DNA




<213> Artificial
- <400> 11 agccggcacc tgttgtgcaa 20

Artific] nce

12 tgac#@%?%ﬁ%#gcatgcact 20 :
<220> <223> Singl e strand DNA ol i gonucl eoti de
16 Cct ober 2006, WO 03/087296
<212> DNA <213> Artificial sequence

sequence

cagtctgacc agcgtgaaaa 20 -
PCT/ | | A3+BD3320a% i f&@ib0>sekdem2] 1> 20

sequence

<220> <223> Single strand
<210> 13 <211> 20

_4.__ -

<220> <223> Single strand DNA ol i gonucl eoti de
ggccatccaaatctgtccta 20 <210> 15

<220>
 «223>

. <400>

Single strand DNA oligonucleotide =

i0

gctgettgtt acatttcetge

<210>

«<211>

«<212>

<213>

<220>

<223>

<400>

11
20
DNA

Artificial sequence

Single strand DNA oligonucleotide

11

-ageceggcace tgttgtgeaa .

<2210>
<211>
<212>

<213>

<220>
<223 >

<400>

12
20
DNA

Artificial sequence

Single strand DNA oligonucleotide

12

fgacttctee tgeatgcact

<2105
211>
212>

<213>

<220
<223

<400>

13
20
DNA

Artificial sequence

Single stxrand DNA oligonucleotide

13

cagtctgace agcogtgaaaa

<220> <223> Single strand DNA ol i gonucl eotide s
<210> 12 <211> 20

<212 ©OctoNar 2R3>
DNA ol i gonucl eot i de

<400> 13

<400> 14

120

20

20

20

<400>
<212> DRIAVESPA2R, ¢t ficjal




. <211> 27 <212> DNA <213> Artificial sequence <220> <223> -Single strand
DNA ol i gonucl eoti de <400> 15 atcccatttg caaagcttct ggct pgOcber 2XRE0> 16

. <211> 27 <212> DNA <213> Artificial sequence <220> <223> Single strand
DNA ol i go¥Q&pe83296de <400> 16 tgtgaagcgt ctcacaggtc caggaCy/IRB/003810> 17

<211> 18 <212> DNA <213> Artificial sequence 16 Cctober 2006 WD 03/087296

PCT/1L03/00320 6 <220> <223> Single gtrand DNA ol i gonucl eotide <400> 17

caacgagaaa atgtcaga 18 <210> 18 <211> 20 <212> DNA <213> Artificial

sequence <220> F <223> Single strand DNA ol i gonucl eoti de
«210> 14 . '

<21i> 20
<212> DNA

<213> Artificial secuence

«220>

<223> 8Single strand DNA oligonucleotide

<400> 14 7

ggccatccaa atctgteocta , 20
(w) <210> 15

<211> 27

=<212> DNA

<213> Artificial sequence

<220>
<223> $Single strand DNA oligonucleotide
<400> 15 “
atcccatttg caaagcttet ggetgge- ‘ 27
<210> 1%
<211> 27
() <212> DNA

<213> Artificial sequence

<2205

<223> Single strand DNA oligonucleotide

<400> 16 ‘.

tgtgaagcgt ctcacaggte caggatg 27
<210> 17

<211> 18

<212> DNA

<213> Artificial sequence




. <400> 18 ggagccttcc gttctagagt 20 <210> 19 <211> 20 <212> DNA <213> .
Artificial sequence <220> <223> Single strand DNA ol i gond@dasher 806 <400>

19 atggtgﬁ?gégbgggtcctcc 20 <210> 20 <211> 20 <212> 'DNA <213> Artificial
sequence. <223> Singl e strand DNA ol i gonucl eot i de PCIABEPA0339
gctgagcttc O 20 16 COctober 2006 WD 03/087296 PCT/1L03/00320 7 <210> 21
<211> 20 <212> DNA <213> Artificial sequence <220> <223> Single strand
DNA ol i gonucl eotide <400> 21 agccacatcg ctcagacacc 20 <210> 22 j <211> 20

<212> DNA_,,0,

<223>

<4Q0>

Single strand DNA oligonucleotide

17

caacgagaaa atgtcaga le

<210>
<211>
-<212>

<213>

<220>
<2235

<400>

ggagccttee gttetagagt

<210>
<211>
<212>

<213>

<220>
<223>

<406>

atggtgcagc tgagtcctcee

<210>
<211>
<212>

<213>

<220>
<223>

<400>

tctcattett getgagette

18
20
DNA

Artificial sequence

Single strand DNA oligoﬁucleotide

18

20
19

20

DNA

Artificial sequence

Single strand DNA oligonucleotide

19 {1
: 20" o

20

‘20

DNA

Artificial sequence .

Single strand DNA oligonucleotide

20




P

<213> Artificial sequence <220> <223> Single strand DNA ol i gonucl eoti de
<400> 22 gtactcagcg gccagcatcg 20 '

¢

WO 03/087296 -
o 7
<210> 21 ’
<211> 20 i

<212> DNA

<213> Artificial sSequence

<220>

<223> .Single strand DNA oligonucleotide
<400> 21

agccacatcg ctcagacace

<210> 22

<211> 20

<212> DNA

.

=<213> Artificial sequence

<220>
<223> Single strand DNA cligonucleotide

«<400> 22
gtactcagceg gecageateg

16 October 2006

PCTAL03/00320

20

20




