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20  Cell Research, Aug. 9, 2001). However, in-vitro manipulation of the complex steps
of development, to reliably produce substantial amounts of desired cell lineages and
specific phenotypes remains a crucially important goal.

Blood Vessel Formation in Embryonic Development and Adult Life
In the early stages of embryonic development, vessel formation occurs by a

25  process referred to as vasculogenesis, in which mesodermally-derived endothelial
cell progenitors undergo de-novo differentiation, expand and coalescence to form a
network of primitive tubules (Yancopoulos GD et al. Nature 2000;407:242). These
blood vessels are generally composed of two cell lineages, each serving a different
function: internal endothelial cells that form the channels for blood conduction, but

30  alone cannot complete vasculogenesis; and periendothelial smooth muscle cells that
protect and stabilize the fragile channels from rupture and provide haemostatic
control (Carmeliet P Nature Med 2000;6:389). A third cell lineage, the

hematopoietic cells, share a common progenitor with the vascular cells, and
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Science 2001;294:559), induce pancreas differentiation (Lammert E et al.

20 2001;294:564) and trans-differentiate into cardiac muscle cells under specific
conditions (Condorelli G et al. 2001;98:10733). While the nature of differentiation
and development of endothelial precursors is not yet fully understood, it is becoming
clear that hematopoietic development and the generation of vascular smooth muscle
cells (v-SMC) are tightly linked with vascular development.

25 Embryonic stem cells are difficult to maintain in culture, tending to
spontaneously differentiate. For ongoing cultures, cells from the inner mass of
blastocysts are typically grown on alayer o f mouse embryonic fibroblast feeder”
cells to preserve their undifferentiated phenotype and proliferabilty (Keller, GM Curr
Opin Cell Biol 1995;7:862-69). In mice, early differentiation into embryonically

30  distinct cell types can be induced by coculture with stromal cell lines (Palacios R, et

al. PNAS USA 1995;92:7530-34), culture on substrates such as fibronectin, laminin,
collagen, etc. (Ogawa M et al. Blood 1999;93: 1168-77) or in vitro aggregation of
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common vascular progenitors (Flk1+) into endothelial 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 with disappointing
results, indicating that many developmental processes and requirements are species
specific (see, for example, Reubinoff BE et al, Nat. Biotechnolog. 2000;18:399-404).
Specifically, in contrast to it’s expression in mouse embryonic stem (mES) cells, the
25  vascular specific growth factor receptor VEGFR 2 (Flk-1/KDR) is expressed in
undifferentiated human embryonic stem cells (hES) (Kaufman, DS et al. PNAS USA
2001;98:10716-21) and does not increase during the first week of differentiation
(Levenberg, S et al. PNAS USA 2002;99:4391-96), indicating that the timing of
VEGFR 2 expression may vary among vertebrate species (also reviewed by
30  Nishikawa; Nishikawa SI et al. Curr Opin Cell Biol 2001;13:862-69). Levenberg et
al. (Levenberg, S et al. PNAS USA 2002;99:4391-96) further reported that other

endothelial markers, namely vascular endothelial cadherin (VE-cad) and platelet-
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cocul turing wth non-human
characteristics such as cell surface antigen CD34 and hematopoietic colony formation

(Kaufman, DS et al. PNAS USA 2001;98:10716-21). In another recent study,
20  endothelial cells were selected by cell sorting (FACS) from human embryoid bodies
(EB) using monoclonal antibodies raised against the endothelial-specific marker
PECAM-1 (Levenberg, S et al. PNAS USA 2002;99:4391-96). The selected,
PECAM-1+ embryoid body-derived (EBD) cells exhibited endothelial-specific
characteristics such as von Willebrand factor, VEGFR-2 and VE-cad surface markers
25 and primitive, vessel-like cord formation when cultured on a soft substrate
(Matrigel). PECAM-1+ EBD cells were further observed forming vascular structures
in-vivo following seeding on biodegradable polymer matrix sponges and
implantation into SCID mice. However, all of the abovementioned methods for
differentiation of human ES require either coculturing with non-human cells or
30 embryoid body formation prior to appearance of endothelial phenotypes, and
immunofluorescent cell sorting for selection according to endothelial cell markers,

rendering them both costly and unsuitable for many clinical applications. Thus, it
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of aggr egaii,Bfic-46 NJ”IUO%szQ’?ﬁ%QQGtSmI%EﬁA NPet M. &sclBéésEtHé id®RR¢ARR! on No.
20020039724 to Carpenter, MK discloses

and isolation of the vasculogenesis-related gene Vezfl in mice, and methods for

selection of endothelial cells and precursors based on Vezfl expression. Also

20  disclosed are methods for modulating angiogenesis, and diagnosis and treatment of

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

measurement and modification of levels of Vezfl in tissues. However, the transgenic

ES cell experiments described were restricted to mouse embryoid body cells only,

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

25  selection, according to the disclosure, is on the basis of Vezfl expression, thus failing

to overcome the abovementioned limitations of aggregation and immunofluorescent
sorting.

U.S. Patent Application No. 20020039724 Al to Carpenter, M K discloses

methods for differentiation and selection of human embryonic neural progenitor

30 cells, and therapeutic, diagnostic and investigative uses thereof. The disclosed

human neural progenitor cells, for reconstitutive therapy of, for example, neural

degenerative disease, are also derived from human embryoid bodies, and are selected
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revascus ari zat i oS.dfatt Apglicagon Now20@004 KG8hdlgh BaremtMemntal,alisclnsasmthe

enbryonic tissues is praposed, no.exanpl es using, humgn, adul t e rybnic
Cells are BresbrtEeEm _ O TR IRETE &en Bfodeaﬁst%lge ST A
non- aggr egghes f?ﬁ%ﬁﬁf&ti&l o ﬁ@?n&t%h&iésif aﬁ&%h&ﬂﬁg gfd%tztﬁvtﬁ{rﬁ Mhrrhdlfan adult

abovenentioned imtations, are disclosed. Thu ere exists a need for a
si npl i fi edaahembnexjeanssodernndideanded stemtdals.i Manipulation of the levels of these

extra-embryonic gene products in the stem cell environment, via external application,

20  or genetic engineering, for example, is disclosed for either enriching or diminishing
the hematopoietic and/or vascular potential of stem cells for treatment and diagnosis
of diseases involving blood abnormalities, hypervascularization, neovascularization
and revascularization of tissues. However, although treatment of human embryonic
tissues is proposed, no examples using human adult or embryonic cells are presented,

25 and no methods for culture or selection of non-aggregated embryonic stem cells,
designed to overcome the abovementioned limitations, are disclosed.

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

30 vascular engineering, treatment of congenital and acquired vascular and

hematological abnormalities, for evaluation and development of drugs affecting



vitro identification, isolation and culture of human vascul ogenic
progenitor cells. Such a nethod and the progenitor cells isol ated thereby
can be uswo iBog7206-vitro 30 vascul ar engi neering, treatnmemctaLoxmazenit al
and acquired vascul ar and henmatol ogi cal abnormalities, for evaluation and
devel opment of drugs affecting WO 03/087296 PCT/IL03/00320 7 vascul o- and
angi ogeni ¢ roces and f.or further vest tion ipto.tissue

i Tt erent | XEFOR- ot dogeEgneREoEetay BE AR Widretions e breng 1o
one aspect d@ferddfiatiot SrEdvelopiRAL i on there is provided a method of
prepari ng vascul ogenic progenitor cells fromundifferentiated ES cells, the
nmet hod effected by culturing individual undifferentiated ES cells in a

[ erentiation of the undifferentiated ES
cells, thereby obtaining a m xed

popul at§ on of cab&&rdmgrtg o'né%lsp”éct aﬂufeeﬂrés%msmbﬂt% th&RNs bfhvadedd fe@ysai d

m xed popul ation of cells, said s small er than 50 m being vascul ogenic
pr ogeni t or of pieparingAmsarageny progamor bells faspendlffofentlaied @Sesﬁm,tthe methotli on

there is provid a method.aof pr n enitor cells from
undi 11 er enPiSEeaOE SR oo BB RE G gy i BIFaieh GUFH T dual

undi f fer en}ddﬁ&lﬂg d r&ﬁlaltlén ?tl?e WRIMTS entiateSES rc@ﬁ%l Bitd *Qe[scﬁle éfﬁf gﬂ) enitor
differentiation o undifferentiated ES cells into va gnlc

pr ogeni t or caks| therdbbrexbeim)ang latraixed rpgpvalamrxeﬂcqmlspaﬂdansolanng)f:eltsedmeéler trad
isolating cells larger than 50 mfrgom said m xed ﬁulatlon of cells, said

cell's 1%rgef thsz?nSGaIBrﬁllxﬁ@H?Qu@SP?Wélqu% b gl %arl £ dhans 50 Ak SE@ENG t 0
yet anOthleéﬁﬁﬁéﬁcgﬁ’ @ﬁnQ%ﬁ§ent invention there is provided a 20 nethod
of preparing so e rom a popul ati on of vascul ogeni ¢ progenitor

cells, the nethocordingewt atbthy apeai off thg presenpihahtion thdre iageovidgeai C
progenitor cells; and culturing the population of vasculogfnlc pr ogeni t or

celI's in tHethodeafcprerartr epithehalsprogemiter geldsnrams wndifferestigted BiSecellsy thenduci ng
somatic cel].disf Eﬁ‘%ﬁ?gg bt &ﬁ&nn@‘cféﬁ%@&d}g j;[:an(alfﬁﬁ{rﬂlt gte%?%ghgéllsaﬁp?lchm&fxert he

present invention there’is provi pr épari ng vascul ar

ti ssuejs t heuitild ot imhiéiag derkrintiatibh af then@ddfepatidled tH1Bfinto Wassuldgegieni ¢
progenitor cells; and culturing the popul ation of vascul ogeni ¢ progenitor

cells in t REogeRites egelle thyrelyt obtaming afaixed pepyladem Pt celirPed 1splatinggestisc gr owt h
factor, gaﬁger‘%ﬂé}ldsé LANEoR WalARE&d hulalSY G BdisY 838 YL 1abde? TG 50 um

di fferenti
being epithelial progenitor cells.

According to yet another aspect of the present invention there is provided a
20  method of preparing somatic cells from a population of vasculogenic progenitor cells,
the method effected by obtaining a population of vasculogenic progenitor cells; and
culturing the population of vasculogenic progenitor cells in the presence of at least
one growth factor suitable for inducing somatic cell differentiation.
According to still another aspect of the present invention there is provided a
25 method of preparing vascular tissue, the method effected by 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
30  described below the population of vasculogenic progenitor cells is cultured in a semi-

solid, vascularization-promoting medium.



According to further features in preferred enbodi nents of the invention 30
descri bed bel ow t he popul ati on of vascul ogenic progenitor cells is cultured
in a senmwo0l08196 vascul ari zat i on-pronoti ng nmedi um WO 03/PQ87R&%00320
PCT/1L03/ 00320 8 According to yet further features in preferred

enbodi ments of the invention described bel ow the population of

vascul ogeni ¢ progeni.tor is gultured on a 3~ di Lonal scaff.ol d.. According
Vo sti L furt hereblipBio o8 froPEhrandiesaid SRBRU AN & Myl s
descri bed dthbidt belowageupGaRRtich 8N ahSulckefic Ogrepértor aigt Qiltukéd s81£ated from
the group consisting of vascul ar endothelial growh factor (VEGH),

angi opoi et dimepaipegl scgifdd-el et  derived growth factor (PDGF), ephrin (Eph),

fibroblast growih factor ( tunor . growth.factar GF) ,and pl.acenta
growth factor \(A%‘l@pg 2\% Eéﬁgﬁﬁgr A Hg%ﬁefglrrgﬁ ae%‘%é’_ggl_%éc’i[s 8% theyjaventig o ¢
i nventispn ddeised teldw el vhgehl enﬂ&aﬂamrmagiogéniaﬂcwm slltteRofithegbupt a
factor on vascul ar devel opnent, . grow h and/or nodification, the nethod

ef fect ed bsonsisting of yagoulapendatheliplgrowth fagtor (VIgEhiangiopeigiye (ng)r pleteldt s ;

and_det or iSRS i oy Blof G eopaE L DB LS fE frcder Gomiaemi ogen c
pr ogeni tor%@e,ltﬂ ﬁlc{og(’rd]p)’ﬁ{wp]g&;@il] ?omﬁhifgm)r@m,t t hereof on vascul ar

devel opment. 15 According to further features in preferred enbodi ments of
the invention M#ewrdingéelabedditiondiesifeateiohe prsentdutsstian deerafdprovideda

i tal factor. According. t further, features jn preferred
enbod Hen Belpd BfaekmBite thetias ofp Hiter Byl & pRbRERl BB e
angi ogenesjnsdFoaMda, HasShiiRECeASHt&l HOWBhaRE af Populdhss &S vhdhalowetihod

further includes culturing the population of” 20 vascul ogeni ¢ progenitor
cel | s undeprogemidr toebsisexposingbthe fopnlapew ot viasglegegicogmgesits celladbothe

vascul ogengsi s. ording to still further features . in preferred .
enbodi ment BT THEOFRIRLIEGH et Hedomen o hhBoRUEteT of SoRPget  ve
angi ogeneslbl%{g@fﬂ@é L1 B AR ORAG iR the BIFEI W dton VAR SR vEIBEmERE hod further

i ncl udes cul Turing the popul ation of 25 vascul ogenic progenitor cells under
condi tions | i m Acevgdiag goofyethes ifsatansl /in rprefeasd whbgdmesits of Abe andintignt 0 a

further aspect, of sent inventi ong{tghere i.S rovi) ed a nethod of

t her he pr £ _
el i ovi ng GRECRPRARSIRY H oIpESa mErge S OB IGAMEREb RO a marmal i an

According to yet further features in preferred embodiments of the invention
described below the factor is a putative angiogenesis and/or vasculogenesis
downregulator, whereas the method further includes culturing the population of

20  vasculogenic progenitor cells under conditions suitable for promoting angiogenesis
and/or vasculogenesis.

According to still further features in preferred embodiments of the invention
described below the factor is a putative angiogenesis and/or vasculogenesis
upregulator, whereas the method further includes culturing the population of

25  vasculogenic progenitor cells under conditions limiting angiogenesis and/or
vasculogenesis.

According to a further aspect of the present invention there is provided a
method of relieving or preventing a vascular disease or condition in a mammalian
subject, the method effected by obtaining a population of v asculogenic progenitor

30 cells; and administering the vasculogenic progenitor cells into the subject under
conditions suitable for stimulating differentiation of the vasculogenic progenitor cells

into endothelial and smooth muscle cells.



subj ect, the nethod effected by obtaining a population of v ascul ogenic
progenitor 30 cells; and adm nistering the vascul ogenic progenitor cells
into the wolsee129einder conditions suitable for stinulati mgTdiLéf/@smnti ation
of the vascul ogenic progenitor cells into endothelial and snooth nuscle
cells. WO 03/087296 PCT/1L03/00320 9 According to further features in

preferred enbod| nent.s of venti o scri bed beIOM/ he vascuyl ar

di sease or cond&‘fﬁobchn% do sltélrtg?ft geﬂt"lr?sofﬂ :5’“’3 B’@ﬂg’inéel“fsn@ thg IsAlRM t al
vascul ar _dicsiuia belovA @ WiabQthr BG4 G ooflilitiBh #edetecti0ioth 3H6HY @lrsRRRs f usi on
injury. 5 According to yet a further aspect of the present i nvention there

is provi ded a congsnitad owfasvdsrculthsordern,g aaceinedal i wasculars s udisortiére mendiod
ef fected b Obt%lnlﬂﬁ H'Flegulation of vascul ogenic progenitor cells
contactind Y progenitor- cells with the manmalian tissue

under ondi ti ong.3ih@ R ?etfa%rtﬁ&‘ SpEAIrk ?r@éé(nft ﬁ{\/%ﬂﬁérﬁﬁfefér‘ls%troJlH&i

vascul ogenic progenitor cells into endothelial and snooth nusc?e cells.
Accordi ng mcihbdj r01f h&ascwaarmng esnammphaf tssued tlenmetdiodrmﬁffcstedfbyt blgainingeat i on
descri bed bel |ian tissue |@ an en gered non-vascul ar tissue

in need d®PY 8’&P QESAICABIRIOL Ge ?%%1 F§§i?é‘1°gﬁﬁ’éd’rr88€ﬂ’g‘°f 0
further feahyr gsmi ’ﬂheorrﬁ ngd{aﬁgleme@' BEQE S cMdids s{?i‘{ lgges&ﬁuﬂﬁﬁgr'bed

bel ow contacting the vas ogeni c progenitor ce

tissue is dffefeotiatea df thd tvagulpgenio progenitoAceds dntmg emdmtlsetlnal land dmuootiher
aspect_of the sent invention there is provided a nethod of relieving or
preven |ndnﬁm#§ﬁﬁfologlcal di sease or condition in a manmalian subject,

the method ef f eeleify hél Ao PR ALHAD cibolARHH BFT Gnvelliff 0gen! L of

cells; and adnlnlster e vascu ogenic progenitor cells intot subj ect
under condleséribed teilow &i@l raarhmlalizm tissuk ad amgngindekel; @anh-ivadoutan tisfuctineeed

vasculogenlc progenitor cells- into endothelial and blood cells. According
to furt heroffasgugrEationansy/rrag sy @Rpiiufent s of the invention described

bel ow the he”at&éc%ﬁhﬁ?a? d%ﬁg%izﬁgﬁg%sfg{;&%éfkﬂéh 'eﬁxbﬁ%hﬁeﬁ gf éﬁé’”ﬁ nﬂ&?“p 25

consi sting of congeni acqulire i sorders,
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in prefer rtg(sjueelrsﬂ}))gg{)rrrrnee%t 1?1 v(ljtfro ;[)rhlg Vlntlovent on

According to still a further aspect of the present invention there is provided a
method of relieving or preventing a hematological disease or condition in a
mammalian subject, the method effected by obtaining a population of vasculogenic

20  progenitor cells; and administering the vasculogenic progenitor 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 preferred embodiments of the invention
described below the hematological disease or condition is selected from a group

25 consisting of congenital blood disorders, acquired blood disorders, clotting disorders
and neoplastic disease.

According to further features in preferred embodiments of the invention
described below obtaining the population of vasculogenic cells is effected by
culturing individual undifferentiated ES cells in a manner suitable for inducing

30  differentiation of the undifferentiated ES cells into vasculogenic progenitor cells
thereby obtaining a mixed population of cells and isolating cells smaller than 50 pm

from said mixed population of cells.



descri bed bel ow obtai ni ng the popul ati on of vascul ogenic cells is effected
by culturing individual undifferentiated ES cells in a manner suitable for
i nduci ng WO odiogf2eé enti ati on of the undifferentiated ES celPlca/ILod/@320

vascul ogeni c progenitor cells thereby obtaining a m xed popul ati on of
cell's and isolating cells smaller than,50 m from said m xed popul ation of

cells. WO 03/08 I /.00 . 10 Accordi to sti.ll an additj onal
aspect of the p‘rxggogﬂgg{r?vétﬁ? iaglng,%ﬁté?n@ iagpecgrogvﬁﬂgége%?ntd?%eﬁf’?it HCof matter
conpri si ngpraviledsi rehposifien 2o aputakbRPrisihg ¥ 38B4H8IRH Ca gfoggﬁﬂbﬁ Qr cells,

wherein said vascul ogenic progenitor cells are prepared from
undi f f er ent3sgitlegenis pleg¢nitopycedlspyhenin esdid crasenlpgenih eprogemitor aellst arei ng 5

i ndi vi dual ' enti.ated.ES cal | s in a nmpnneg sujtable for inducing
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pr ogeni 4 or inddlidial uheifehmtiaRd FSdNE iR a iinkesR@Ble! Bt irﬂﬂci‘ﬂF diftbtidtied
isolating cells smaller than 50 gmfrom said .m xed population of cells,

sai d cel I sofsthaundifferantinted BSracbe imy vessulogenig erdseniteroga tteogbymbtdising Accor di ng
to further tur in preferred odi ments..of .the invention . 10 descri bed
bel ow t he %&ﬁegt roé)t(taj %‘tllms1 oge_eg%fa% ! ?agb%gt%gg 5?18_8?{ @8?1295&‘?1 Ista‘ﬁlaR”r’iegel ,

col | agen ggdpulAidd oFebVTBAill SclfCaidilel than A0 o BiRgviRuREEdit pldiehiisicefigat ur es
in preferred enbodi nents of the invention described belowthe vascul ogenic
progenitor cel | Ac¢asdiggnoabirtbar gatires he pefored apdodiments mfintherinsantian t o

i nduce, vaseul ar vel opment wi.thin the substrate. 15 Accordi to further
featurEs | esg{i‘%erdgs?lgg g’ﬁb%'@fftﬁaéﬁtli S I%C?ﬂe#?lﬂ\}éﬁtgir%‘f? C?ﬂ-fés@lngb‘étg%ﬁagéh t he
hemat ol ogi ¢lagéli sQa8R PIlyE@Nchiroa. | S sel ected froma group consisting of
congenital blood disorders, acquired blood disorders, clotting disorders

and neopl asti c drewdisg to Aglt durthien deatarey at prefartedembodabente of ihe ipventienr ed

nbodi t fot i nyentio 20 descr.) bed, hel ow cul turi t he i ndi vi dual
undi 1 1 er erdeoatd Rl 6 Vastogshic Ripgepiigy Cells i Forlarie Wihe AU IMETRAL | at ed

ES cel s t@amderk6asto indeccAMdrideRelsshaf WAthih fHBuBstra®d OUP consi sting of
avoi di ng aggregation of ES cells, growmh on collagen, cell seeding

concent¥ at i on bAtweding 21 futhan deatdO 5n qetlestd regnbadingmtse oénthe infention

differentiation iu 5 Accor.ding to still further features in preferred
embodi nent €56F etdhnEgPWCtbﬁt%Te ?o(i%%g‘gr Brase BB IconditiAR 1§ setertrd (TEMR 3P ES cel | s

are human &gskBhd 8f congenital blood disorders, acquired blood disorders, clotting disorders
and neoplastic disease.

According to yet further features in preferred embodiments of the invention

20  described below culturing the individual undifferentiated ES cells is effected by
subjecting the undifferentiated ES cells to at least one condition selected from a
group consisting of avoiding aggregation of ES cells, growth on collagen, cell
seeding concentration between 2X10* and 1X10° cells/cm® and presence of
differentiation medium.

25 According to still further features in preferred embodiments of the invention
described below the undifferentiated ES cells are human ES cells.

According to an additional aspect of the present invention there is provided a
method of preparing endothelial cells from vascular tissue, the method effected by
subjecting the vascular tissue to conditions designed for dissociating cells from the

30  vascular tissue, thereby obtaining a mixed population of dissociated cells and

isolating cells smaller than 50 pm from said mixed population of cells.



According to an additional aspect of the present invention there is
provided a nethod of preparing endothelial cells fromvascular tissue, the
nmet hod efweaB®e72sy subjecting the vascul ar tissue to condicriinesodssi gned
for dissociating cells fromthe 30 vascul ar tissue, thereby obtaining a

m xed popul ation of dissociated cells l?nd isolating cells smaller than 50

mfromsaid m x ul ati of cells. WO 03/08729 /1L03/0Q

According to a g&}q%ﬁgg tasf’ngBTh%PSReﬁbOEF@seﬁfeq 13 oﬁrfh?rﬁe‘rsé’r?‘élgﬁfﬁw ded a
met hod of Re@BArdMGeSRine"lithelialcalik Srdnh VAL CHMsAE, the $84tRed kltecti®biod
effected by subjectingthe vascular tissue to condi ti ons designed for

di ssoci at i supjecthg thef vasnultahassuvas cobditions designed foredietpgiatig aetis frgmathei xed
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P e vty BS0E &y dhtriiingd ot pultion o] Sebodidad S DaREbH, on
popul at4 onommﬁ@ 4 Srix ACHP G csfqnamcfulapeelfseaﬁalvis%qsaﬂn@ d%[l@flé‘r%aretﬂax? ghodi ment s

of the invention described bel ow the vascuiar tissué is n vascul ar
ti ssue Accmndiqmgsald)nymdpqymldwnoﬁedtsures in preferred enbodi nents of the

invention 10 descr bed bel ow the cel.ls s er .or.lar han 50. mare
| Solated via i ARRUPER NP IGHEET o HOFBr GENBCBILE . hAcBsEoRy | o
still furt&@Enﬁ%w@&éﬁswlﬁftggﬁ&ghgﬁigﬁ)@?&ﬁﬁ}gssqlfe the invention described

below the filtration is fected via a filter having a pore size smaller
than 50 m 15 Aceodidgiig yeofurther &ntuackdint profeaied spbedimaits bhehepinestion

invention there | vided a gell culture nprisin opul ati on of
vascul b(benﬁs%c‘bl?%éﬂ?‘g e cglly smaller; ofgl a§3?§tt{é?’hg‘§lpé“ ATy 15 ab‘fdgl‘"iaf Hatiole state
for at | ﬁg flré %M&/of‘@glsﬁoﬁb@ﬁ c apable of differentiation into snooth
nuscl e, endothelial and ematopoi etic cells upon exposure to at |east

one growt h factAccosdingas etll ffurthr tfewturgs ouprefresi estibodgmerdts wAgeliheentidh

endot hel i al growt h factor. (VEG-), angjopoietin (Ang), platelet derived

growt h f acessFribedrisigy the fhratiqn (Epgcted Ylﬁ@o@t%{étavwwefsy@ts&a llertyan t unor
growth facge P m(TGF), placental growth factor (PIGF), cytokines,
erythropoietin, thronbopoietin, transferrin, insulin, stemcel I factor
(SCF) , 15 anul OC)9£t®rmﬂgomyy&t Bmlﬂdditloﬁg aspetonf (the pﬁﬁalt améntion there is

G anul ocyt e- macr ophage col ony stimulating factor (GWCSF). 25 According to
further fedoyided 4 pel grcé’ft%ﬁer%nréwmgd? rﬁé’ﬁk‘gt‘% of easeylogsnis Bresepiécealised bel ow

the popul algén?é"s Yraid A5 Hh Q%Bflférzﬂirvgg B EHa 138 54 day§ gﬂa‘%leﬁlg%fapable of

differentiation into smooth muscle, endothelial and/or hematopoietic cells upon
exposure to at least one growth factor selected from the group consisting of vascular

20  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), cytokines, erythropoietin, thrombopoietin,
transferrin, insulin, stem cell factor (SCF), Granulocyte colony-stimulating factor (G-
CSF) and Granulocyte-macrophage colony stimulating factor (GM-CSF).

25 According to further features in preferred embodiments of the invention
described below the population of vasculogenic progenitor cells is capable of
expressing at least one exogenous polypeptide selected from the group consisting of
cell-surface markers, cell-surface antigens, angiogenic factors, vasculogenic factors
and hematopoietic factors.

30 According to still further features in preferred embodiments of the invention
described below the exogenous polypeptide is expressed in an inducible manner.

Unless otherwise defined, all technical and scientific terms used herein



expressing at | east one exogenous pol ypeptide selected fromthe group
consisting of cell-surface nmarkers, cell-surface antigens, angi ogenic
factors, wesswsngeni c factors and hematopoietic factors. PRA/IRCxWBII ng t O
still further features in preferred enbodi ments of the invention described
bel ow t he exogenous pol ypeptide is exq?essed in an inducible manner.
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her ei n cantoBkosgslesrribsd hpeingandeiused wrthe preieeProf t he present invention,
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is herein escr?flbcé’a,hlcl%’ah%%ergfwee%%%%pllog’ lgﬁliugll,ngvm nce to the

acconpanyi dgitrdl. A ad@Rion V¥he P SQRE, tiethodsf MmaRREBpRE Wt iQutheiver awi ngs in
detail, it is stressed that the particulars SEOWH are by way of exanple
and for puppsednaifinteBded tohstlimitinge di scussi on of the preferred enbodi ments
of the Present invention only, and are presented in the cause of providing
what IS believed to be the nost useful and readily understood description
of the priPBRIEE BESERIPTION EF TRE DAsP®WINssof the invention. In this regard,
no attenpt 1s nmade to show structural details of the invention in nore
detai |l than is Hecewsation it berean desaabade by avayof ¢asampleruily; gvidf reférenc2go

i nvention, ,the description taken. with.the draw n ing a rent.to those
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m crographs denonstrating the culture-based selection for human ES

cel | - dby | vidlustyaiye dlissyeipo ptlegprefertsd eaatiddsment® S Fgpireserit Anvdntios omég, es t he

outline of ar;[dhaer'\e grlefsén ¢ {rlltthg E:ellu%tra] o grloeﬁltlrllgovrs]/hgtrig g&?e%éf to l|3:e|: t%lé rns"oslt E’seﬁll and

readily understood description of the principles and conceptual aspects of the
invention. In this regard, no attempt is made to show structural details of the
invention in more detail than is necessary for a fundamental understanding of the
20  invention, the description taken with the drawings making apparent to those skilled
in the art how the several forms of the invention may be embodied in practice.
In the drawings:
FIGs. 1A-H provide an outline for, and micrographs demonstrating the
culture-based selection for human ES cell-derived vasculogenic progenitor cells.
25 Figure 1A illustrates the outline of the differentiation—selection procedure. Figure 1B
is a series of micrographs demonstrating the divergent morphology of the cells
following 6 days culture on collagen: note the large, flat fiber-bearing cells (arrows)
and the smaller, flattened cells with large nuclei (arrowheads). Figure 1C is a series
of graphs demonstrating a FACS analysis of endothelial cell surface markers in the
30 filtered, isolated vasculogenic progenitors cells. Filtered cells were exposed to
primary antibodies to VE-cadhedrin (VE-cad), VEGFR2 (VEGFR2), and to
fluorescent labeled anti-IgG, or to the second antibody alone (IgG-FITC). Note the



is a series of mcrographs denonstrating the divergent norphol ogy of the
cells followng 6 days culture on collagen: note the large, flat

fi ber-beawbDrgogrbsé s (arrows) and the smaller, flattened eelrlisoanosiy | ar ge
nuclei (arrowheads). Figure ICis a series of graphs denonstrating a FACS
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Caldesmon, s mooth m uscle actin (SMA) and SM-MHC m arkers w as compared in
20 total RNA from the larger, flat retained cells (Retained), and the smaller, human
vasculogenic progenitor (Filtrated) cells by RT-PCR. The houseckeeping marker
GAPDH serves as an internal standard of amplification. Note the 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 111s a
25  micrograph of BrdU incorporation in both smaller, filtered (left panel), and larger,
retained cells (right panel), demonstrating active proliferation of the smaller, human
vasculogenic progenitor cells. Note the active uptake of BrdU in the smaller,
darkened cell nuclei, contrasted with the minimal incorporation in the larger, non-
proliferating retained cells (arrow). Bar equals 100pum.
30 FIGs. 2A-M are microscopic, immunofluorescence and RT-PCR studies of

cultured common human vasculogenic progenitor cells, demonstrating specific

growth factor-mediated induction of endothelial or smooth muscle cell
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mar kers expJ. ess i.n_human vascul ogeni c 20 progenitqr cells recultured on
type IV coﬁ%@ﬁgétlnﬁl}‘g’@?@ﬁte & ‘T}‘sﬁﬁwcle’i‘)trsei@l L ?L‘ﬁ‘béPgVé andj ipabigedqya m

hVEGF165 (fRicadel) mitsdseo®y. be-thddiain toth efilelibPAd spé"h&l@sﬂ%)gg cell

factor-treated cells were fixed and | ne-detected as ‘descri
her ei nabovigpes ith theagrowtWEGatbr{tfeagdr @l@Fes, FagurenF-H care \iHot@hiceopehphact or
(VW) (Fi gusrh%w%ncg th%ncfeitel?:ggril eo? endothelial cell markers expressed in human vasculogenic
20  progenitor cells recultured on type IV collagen at 2.5 X10* cells/cm?® for 10 ~12 days
with 50 ng/ml hVEGF 65 (R and D Systems, Inc. Minneapolis, MN, USA). Growth
factor-treated cells were fixed and immune-detected as described hereinabove with
anti-VEcad (Figure 2F), or anti-von Willebrand Factor (vWF)(Figure 2G) antibodies.
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 in both
platelet derived (PDGF) (Figure 2J) and vascular endothelium (VEGF) (Figure 2I)
growth factor-treated human vasculogenic progenitor cells, demonstrating active
proliferation (staining) of the endothelial-type cells. Note the appearance of stress
30  fibers (Figure 21, arrow), and the active uptake of BrdU in the darkened cell nuclei of
the VEGF-treated cells (Figure 2I), contrasted with the reduced incorporation of the

larger hPDGF-BB treated cells (Figure 2J). Figures 2K-2M are micrographs of
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wel | -formed Wei bel - Pal ade bodi es (Fi gure 3E, X6,000 magnification, inset,
X12, 0005, (Figire 3D)ofFigmetoif6l araklectednt micrégrgphiseof3fessel Gamlationlanbfasigelt es t he
f darkly st ajini dye, t rogl ghi dcell (BO inth

Cent or of sheyies Sl Pperbliebi B BiiE B Ehact AEi RUPOLEREaTICEEY L IFeh 1 t ho
matrigel (32085), g&k@caiQf ORI He{ihIGR11s ORourd A0 E &1y enfRER sl {h%??&,eﬁﬁ)ém(ﬁ al

0 cell he matrige M,

arrangenent of endot hel i al s (N- nucleus) withint

cont ai ni nga aladile atainingli(dee tn Heh®glabienblpbdi cell (BRAriache rcester of lai paspelot ei n
capsules (1) a8 B rohah 2Rt P Selis b ch iy §298nuad o (x5.000 -
20  magnification). Figure 3G demonstrates typical arrangement of endothelial cells (N-
nucleus) within the matrigel (M), containing a clearly discernible lumen (Lu),
characteristic lipoprotein capsules (Li), Weibel-Palade bodies (WP) and glycogen (G)
(Figure 3G, X5,000 magnification).
FIGs. 4A-B are photomicrographs of histology sections depicting the in vitro
25  vascularization of 3-D alginate scaffolds by human vasculogenic progenitor (ESH)
cells. ESH aggregates were seeded on 1f120 50ul alginate scaffolds in vitro in
differentiation medium supplemented with 50ng/ml hVEGF;¢s and 10ng/ml hPDGF-
BB, and incubated for 14 days. Figure 4A shows vessel formation around two
representative scaffold pores. Higher magnification (Figure 4B) reveals typical
30  vascular wall structure of elongated flat endothelial cells with an adjacent layer of

smooth muscle cells. Bar equals 100pm.
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Bar - surface CD34 (as previously reported for human v- SMCs progenitors), (ii) nuclei

Gata2 and (iii) Tall. Figure 6F demonstrates cell proliferation of the smaller and

20  larger progenitors via: (i and ii) BrdU incorporation (present in the small progenitor

cells and not the larger cells (arrow) and (iii) nucleic Ki67 expression which is

present 1n 66+2 % of the filtrated cells. Nuclei stained with Dapi (1:1000). Bar -
100pm.

FIGs. 7A-D illustrate lineage differentiation in progenitor cells. Figure 7A -

25  filtrate cells recultured with 50 ng/ml hVEGF165 for 10-12 days were examined for

Dil-Ac-LDL incorporation (cells in bright light on the left and in fluorescence

illumination on the right). Figure 7B - individual segregated cells were examined for:

(1) Dil-Ac-LDL metabolism (ii) perinuclear vWF, (iii) both (i) and (ii). Figure 7C -

filtrate cells recultured with 10ng/ml hPDGF-BB for 10-12 days exhibited up-

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

analysis revealed an up-regulation in additional v-SMC markers. Nuclei stained with

Dapi (1:1000). Bar -100um



100m FIGs. 7A-Dillustrate lineage differentiation in progenitor cells.
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The principles and operation of the present invention may be better

understood with reference to the drawings and accompanying descriptions. Before

explaining at least one embodiment of the invention in detail, it is to be understood
20 that the invention is not limited in its application to the details of construction and the

arrangement of the components set forth in the following 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

terminology employed herein is for the purpose of description and should not be
25 regarded as limiting.

Recent research studies have illustrated that embryonic cells can potentially
serves as a source for pluripotent cells. Such cells are useful in human therapy since
they posses the capacity to differentiate into a plurality of cell types (R. A. Pedersen,
Sci. Am. 1999; 280:68). Early work on embryonic stem cells was done using inbred

30  mouse strains as a model. Compared with mouse ES cells, monkey and human
pluripotent c ells have proven to be much more fragile, and do not respond to the

same culture conditions and manipulations.
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cell type Ilneages rom ES owever, such net ho S are Ica

extrenel y edispi epecifivdcetiagpd })meagsm ﬁomIESycellkgumrevembmqtmetho&st;ﬁmwﬁially are
either grown on a mammalian stromal cell |ayer (see, for exarrpl e, U S Pat
No. 6, 280, rsmely complext #dhcosys bppllyn Swaan emprygnic stem, cglly pisociflisst as a

Lorat o (ZhERaT, hefylian don SeL AR 1008 ZAZAME T gy aargegked |1

suspensi on”into structuré known body (EB)

(see, for Q)XI&mﬂrﬁn, Dr8 aidvEhornseal J Byt , in aApp iosahd ® rerdloma\(@ROMSEIILAAS t O
It skovitz-Eldor J and Benveni stg N, and International Pat. Af)pl i cation
W00210347 2 ScirnperhfEfi28ey) 14§47k 2ggsEaIEd NoSUSPENSIaNF drterd imlfiesaict or s,

ypcally BRRHEEA P IS M NONE) GoL AR chiASaeR
Application No. WO0070021 A3 to Itskovitz-Eldor J and Benvenisty N; and
International Pat. Application W0O0210347 A2 to Benvenisty N), and exposed to
20 differentiation factors, typically producing a mixed population of cell types and
lineages. Isolation of progenitor cells of specific lineages is then accomplished on
the basis of immunodetection of lineage-specific markers, and separation of cell
lineages by fluorescent or magnetic sorting (see, for example, International Pat.
Application 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; International Pat. Application No.
WO00129206 Al to Cibelli, J et al; and International 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 involves
many complex manipulations and interactions with the stromal cell layer, live host
30 tissues or other EB cells. Furthermore, selection according to expression or display

of cell surface markers is 1 nefficient, requiring e ven more extensive manipulation,



the basis of imunodetection of |ineage-specific markers, and separation of
cell lineages by fluorescent or magnetic sorting (see, for exanple,

| nt er nat iwoaB/o®ebe Application No. WO0181549 A3 to RanbhaciraLes/ sz
Carpenter, MK, U. S. Pat No. 25 6,280,718 to Kaufman, D S and Thonson, J A
I nternational Pat. Application No. Wq9129206 Al to Cbelli, J et al; and

| nt ernati onal .Pat. Apﬁgl i cati on No. \é% 01@8815 Al t P%lr a, . MF and Ben- Hur
T). Al of PPHENRISERAL FERTSE {RrRetb R delpgion cauipaindi 1 eidapprighnt ages:

initial ES;ghiky Slaafid1R) bPhelpRéenitba@ani tor cells involves many conpl ex
mani pul ations "and interactions with the stromal cell layer, live host 30
ti ssues or ot heWhig redicing thEpredent myemjonstel atticertheipoesenti ingerttorsehape essi on

or display of cel urface markers i.s inefficient, requifing even, nore
oxt ena ve, WERVER altib N oS B OBT BB BETPE 08 0250 Prepdoch PBIn g eat
expenses f ofef Q%lksfrélﬁden%&&%'s% el Bﬁ‘iﬁ‘éi venfifsl aBREBRART IcARuif}eon Vi tal ity

and sterility of the progenitor cells. | e reducrng the prese I nventi on
to practi cgpt H¥ polbgemtwithnspedific ntiathelial uhifereptiadnt featory and dnggeying

progenitor cells he pr.epared. sinply .an 5 inexpensively fromenbryonic
D oo Cel | <siipie, s MGy Sigh SEEi PO MEURgR PR ORI PE DLk dgun v & b
specific & i it f | Gyl i and
P T1 o1 ent “DRBUSE byaiherbies it Gt Boh Qe [T AtioRl in R, el in 0 MR
prepar ed bgxpahdedpmesehtre,i canche iinducad do atiffereh@ge oot emdothnedial, tthensl aad be
further eﬁepanded in.culture, can he indUﬁed to differentiate into

a

endot h&l | aPCM3RROAFHICcALitFUe AN YRy I9pBi kath smell Kaddates VASEYIar strustwes $hRn sl |
d | : i , b
R e R

genetically manip sue engi neeri ng,

di agnost i ctisneenghseeangdigghoptds asl reddarch, pugmsed. di ng t o one aspect of the
present invention there_is provided a_ nethod of preparing vascul ogenic
progeni tor cel | 5hysy 3eROuHBE 1t g fspest Of trsspresentdnventigndthens g Pronidetha ES

Cel TS onMenBblafh  BEEAE Ut b0l beaiRe GO ol e TRAGRL L PO BALT. 1

effected by cultu di vi erenti ated S In a nmanner
sui t abke fearchi sdbemmy KB fcels. eTheé ametlood, aiccdiimgu todithif exspedti oft e mSsael |'s into
vascul ogenic progenitor c ells, thereby obtaining a_m xed popul ati on of

cel I's, andMVe¥ion; isneffected by culbirng iadividyghundbiigrentistednbSheelli iR @ompwisti| at i on
of cells. (ilabloSOnAhafl hitrHiRSRORRE LAl rRfR YA B RAE M VRRGRIEOr cells

as is clearly 11 Tustrat e anpl es section hereinunder.
progenitor c ells, thereby obtaining a mixed p opulation o f cells, and isolating cells

smaller than 50 pm from the mixed population of cells. Cell isolated in this manner
20 are vasculogenic progenitor cells as is clearly illustrated in the Examples section
hereinunder.

As used herein, the phrase “vasculogenic progenitor cells” refers to a
population of cells that can generate progeny that are endothelial or smooth muscle
precursors (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 implied that each of the cells within the population have the



As used herein, the phrase "vascul ogenic progenitor cells" refers to a

popul ation of cells that can generate progeny that are endothelial or

snoot h muwolog/ospecur sors (such as angi obl asts) or mat ur e Pemdnod@Boal or

snoot h nmuscle cells, or 25 hematopoietic precursor (such as erythroid

colony formng units and negakaryOC{ZFs) or mature bl ood cells (such as
I

eryt hrocytes and ukocytes). Typica vascul ogeni € .progenitor cells
express _so‘ff’cl?a‘%}?y ?fjﬁgﬂwﬁéﬁ%?%*i‘a& ‘H’ér r I{{Wy %ﬁl@%hg’rdé‘e&éaﬁggﬁﬁ t&lato ®t he
endot hel i ajny1tHIRAL PasBMISEEBe PRFARITREIMIALESL Sretdnieages.  Typical ly, they do
not produce progeny of oOther enbryonic germlayers when 30 cul tured by

t hensel ves in visuesed berepsthed@ui tefras Etotipeteast, Gplunpgientypadritmultipatesti’| | be
appreciated_that jit.is not inplied that each of th | i thi h
popul at | ontefEnE CelEh B DR seRer PLS0BIR0 ZrsiahadbpOdr ¥ m ng
nore than Q@ecéﬁéBF: Qff HERES g iatd h«ﬂ’lugslglll' %Eél i &U%bnﬁ)fété Soﬂgﬁgmﬁr@:

mul ti potent vascul ogenic progenitor cells may be preéesent. used’%‘uerei n
the, the tkelastsmetes), iphoipotart cellptapableaifehfférentmatingrinia alp celénypes (e.efBS to

| I's havi d jng d f devel ppment al | pl icity. .Toti.potent
col 15 5 aPdIstapaoPEgR e e D B ARl b T BR et nBts Gty sfspetiBe
or gani sns fiﬁa%es g{lg%%%-gﬁz%enfgleﬂlﬁl;ése?%@gnspel | s capable of differentiating

into all ce types and rul tipotent cells are capable of
di f f erenti at i ngAs ntsedchérem, athe stesui fandothtlial epxpgenitor| yelle og. “endstbeliadgeni ¢

progenitor cells). As used herein, the term "endotheljal prqgenitor cell”
or "endfbt hBtepysor cel |5?fJ§1i§L}P§c?Fﬁéléﬁt [can Renepalgmagire e %el{aﬂgﬁlﬁc Setrerat e

mat ur e end&hg%} }na# n&Ehdve TheT%‘gg(?Rthl kﬁeratmml%p&wc BPEmBSK SndsBR cE@Paci ty to

generate henmatopoietic or s scle cells. As used herein, the term
"epithelial progems¢dbheresi ke term™epitlichel pragemproecall’s or “emthielidl prefuesos t o a
cell that cap generate _nmature snooth nuscle cells Céﬁ used herein, the term

"hermat opoi &8l delisrdga@rfiel] hat can gencgite mﬁ%‘ﬁ"aﬁ‘%‘ffﬁhé‘ﬁsﬁlb Sprecursor cell”
refers to a cel ltjgy nidth, 960 REA ,gﬂ%ggfeg@' PRnfi6! by mexfawﬁs@kem cells

are described as "und erentiate ubstantral portio stem
cell's and plenkordetll vefeis\tes celhtHaheanpgepethtrhatoredilsqd egllsnor phol ogi cal
characteristics_of undifferentiated cells, clearly distinguishing.themfrom

differentiated Eebrongt stemsiells arccdsseribediast upditirantiatgddivyhearaambsiatial s
coll a1 BT X3 SERERE R, UrkAOSE P LAty Rl i ool
and pr oni nefradietistieo! of Shdiffepontiyted cells, clearly distinguishing them from
differentiated cells 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. Similarly,
undifferentiated cells can be distinguished from differentiated cells by the absence of
lineage specific markers such as vascular endothelial growth factor receptor 2
(VEGFR2), vascular endothelial cadherin (VE-cad) or platelet-endothelial cell
25  adhesion molecule-1 (PECAM-1).
As used herein, the term “differentiated cell” refers to a cell that has
progressed down a developmental pathway. Thus, pluripotent embryonic stem cells
can differentiate to lineage-restricted precursor cells, such as neural progenitor,
hepatocyte progenitor or hematopoietic cells, which are pluripotent for neural cells,
30  hepatocytes and blood cell types, respectively; and the endothelial, smooth muscle

and blood cell types listed above. These in turn may be differentiated further into

other types of precursors further down the pathways, or to an end-stage differentiated



undi fferentiated cells can be distinguished fromdifferentiated cells by

t he absence of |ineage specific markers such as vascul ar endot hel i al
growt h f awopas/osReeptor 2 (VEGFR2), vascul ar endot hel i al ®adieod/w3ZoVE- cad)
or platelet-endothelial cell 25 adhesion nolecule-1 (PECAM 1). As used
herein, the term"differentiated cell" refers to a cell that has

1 . .
pr ogressed .g deyel opnent al pat hﬁ’wgé. Thus, uri potent enbryoni c stem
cells cancegﬁ}@\é‘ﬁbﬁtq\ﬁéﬁaggpﬁuﬁ P#%é@e@ eEPHf &fpédﬂ‘g‘i gléﬁro_\%‘?f‘yc’é?tlrgt,a};’sﬁgh_ as
neural proggatitPto prdlFaateofyiher. Pregenht Sidotelfah@BP sRbbth kil anhi ch are
pl uri potent for neural cells, 30 hepatocytes and bl ood cell types,

r espect i veérythregytestaneexampestoditéraiinallyrdferantmieb¢edls. and bl ood cel | types

| i sted above. These in turn . be. di f.f erentiate rtbher into other types
of precursors f1iib o0 erF‘ﬁg%ﬁ'gt H\%é‘ﬂ}g‘,m_lWalgf%reé‘ﬁagﬂoégf’%}&e?aiw}wgntia_t ed
VIO 03/ 087286, Riahhérl Q4618 330indading hiffereiUbiioh ihts VaEANGENES bbbt fcefls, SPECI i C
tissue type, and nay or may not retain the capacity to proliferate

further. VibeuhdifferentdgthESiagtts utrhzesl bystire sdthorlisicthe peasent iavsrttionaaytbes ar e
exanpl es of ter differen d ce ment i oned her ej nabove,

1 nal | | a | s.
ndi vi dual THEREEF %‘E‘ea‘e’@_s“ﬁfélqtb sing e ??A:S?‘e‘?i CTEORTRSCLV SRR ORGi t abl e
for induci pg glafdegr@nt indhi fPvitdLEerYBSE BRI Ccel AHRR bT/of &lihsed EShE

undi fferentiated ES cells utilized by the method of the present I|nvention
can be nuaeethlinean TeeBSyels may benf bwhisorotenaivmea drigom f r esh or cryopreserved

enmbryonic cell ,masses ells fromin-vitro-fertilize nbryoni ¢, cel |
o or A R e orired i 6 Exple sCition Reriagrio: Ge Hedbade or

non- human ofd Gnfbositfdné'ef ihe g?és‘éﬁ‘tr ihVerfBHARSIAEHR dor dhe Whth NASPLASySHEL | ON

her ei nbel ow, the nethods nd conpositions of the present Invention are
sui t abl e fstemusswiSinte lestablishendnt w6 niethods femmesphlstiorSand eorttedl atflhugtanent  of

met hods for ni pul ati .and control of human _enbryoni¢c stem cel |

i ffor ont | SEPBAMESER béﬁfﬁ'fgfggﬁna%ﬂn i8 reRATE oG b BEe mardiral ersmentife
effort, in r-ef 4 N i

undi ffer en(tﬂ?%r?’e@ ael%g{efégrege S dgfl gﬁthdg#g%\ B%é%gﬁfégﬁwg’r g’?g%d a ??ﬁtt eed E§ cells
are unaggr edht ad lmehdrs ESasellsde Reefetabty, ithe &8 aklls lare thagdragungl esllssest i on

her ei nbel oyw. Accordj ng.tg another preferred enbodi mnent of the present
i nvent i on, desgft ?de‘Pé‘ﬁEai%d{‘iﬂ&?n‘ngpﬁ‘FﬁeseFm hﬁfﬁﬁ‘?ﬁo‘ﬁﬂdi fferentiated ES cells is

effected by cul hULyrBfoSHE nofilt | SreRPed! AhESHiHORAL 6 Wet BrlbnddiRiiYE
substrate such as typg F)V coﬁ ag%n, I'am ni n or 28) gfé‘q apl nt o prevént

aggr egat i odifferdntiatien &d3he aldivadus eadiffegentibed GBSl dells ateffected byenitinid aigh

cells on plates coated with an adhesive substrate such as type IV collagen, laminin or

20 gelatin to prevent a ggregation o f the ES cells, seeding the cells at a concentration

between 2X10* and 1X10° cells/cm?, and providing differentiation medium. In a

most preferred embodiment, individual undifferentiated ES cells are grown on type

IV collagen-coated plates (available from, for example, Cell Cultureware, BD-

Falcon, Boston, MA). See Examples section for further description of conditions for

25  differentiation 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 embryonic stem cells.

30 Undifferentiated hES cells removed from their feeder layer and plated as single cells

on type IV collagen with differentiation medium exhibited expression of indicators of

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



bet ween 2X104 and 1X105 cells/cn2, and providing differentiation nedium In
a nost preferred enbodi nent, individual undifferentiated ES cells are
grown on wpma/0812% col | agen-coat ed pl ates (avail abl e from pConLewmspl e, Cel |
Cul tureware, BD- Fal con, Boston, MA). See Exanples section for further
description of conditions for 25 diffgrentiation of ES cells. On

e
i tant f t h t et hddol i s t Ll di tep.
it e eautiTenirt e Sicledgn b £ peeRane o tnat ettt el aineEroeh i nar a -
di nensi onadty @B NG HobRAFS FYamasHHae T WA g 1. NOtufeCZN0 48:929 Swdt8 hoP §RB]e;

previously contended, for mesodermal differentiation o0f human embryonic
st em cel | ssucBohighdédricentetionait@d- hESXEe) Icellyendved bESoselihatsulttdadea | ayer

d plat i ngl || t | ) i th. dif ti di
cxhi bi 1 ed MimpEEy poruafen carord et SEue lhthiidtisr LR Lt qur es
| A-G) . LeldeisRref) pRasQACLMiRE ipepuldiai B EdiR! inkluM@gOBAfR Y Bf BEdil, 493/ 00320

22 affected the efficiency of the present nmethodology: cells seeded
accor di ng ¢mwlothelialliker ¢ells gndifiives lange, kmoothsaueR-likegedls GFigare B)eta 1. Nature

2000; 408: 92 t viabl e; h. hi gh trati . (.1.0-. 1.5X105
cel | s/ cnR) Z)f Wﬁ@% ngéggﬁﬁi”e &3‘”&@""%8‘?"3@%83%@@%?%%EE&PBPF gisthodsvwer cel |
seedi ng com&hﬁ@ i-paFidualdi freredtlkQPES caﬁ’lﬁé&%-@g%ag?ﬁﬁgc&dﬂﬁin&ned

popul ation of celTs, including a majority of small, endot hel1al -1i ke
cell's and fewerAb asajheramube rermi'diffezeritialien meflium”(rBfegutos sbifpble TirdivEx anpl es

section which foll ows provides furt descri ption_Qf thods of culturin
"i ndi vlodua?apﬁhlai R @’rp@ﬁ&“&t @8‘”@3 aBgI‘Fgéfe tafton ! H’-eaggr‘éeggti ﬁﬁaIEBlﬁﬂiot%i ons. °
As used hegigiaBle diftereh®iibh rilldid ShRAILABL ASed Rl Y prERhESehiorAinsidiit 80! e

medi um 10 capabl e of supporting growh and differentiation of the ES cells.
Exanpl es ofariesuidfagrowtidinhédea gmepaned ovithmedbasewbi elphaaMiM oedoimni(Lifet he

present inyention. include a. varje f h pedia prepared with a base
of al pha hneleBiEm et ﬁBCk“ﬂéf‘c ﬁ‘ﬂb} &é@&fﬂﬁ@g&cﬁéc‘ﬁWWL?ﬁma ORAyurR

Dul becco' s/t hal: j 1 FBS
(G one, - (DaENIPupPREERU U 4TS (R TURR, TE e Hd Dty
Technologi msrchpacthanBbkfei Tdchnoldfies WiSARoclAdlle,MbBeliSiAgned her ei nabove it was

observed that culturing of e .undifferentiated ES cells as detail ed
her ei nabove pro@ficts r%ﬁﬂ&@fl?%@t?rw&ﬁwatFowaafgbsew s thaf n@}slt}mnﬁgo Hejority

of small, ﬁﬁcﬂffﬁ?@ﬁ&&‘%‘si@eﬁlé lak KiRtafiEd hirefifol EPRul AT D8efincdRPLLBHSE! -1 1 ke

cells (Figure
cells, including a majority of small, flat endothelial-like cells and fewer large,

smooth-muscle-like cells (Figure 1B).

20 While previous techniques for selection of specific lineage progenitors have
depended on immunodetection of indicators of differentiation and specific cell
lineages and fluorescent or magnetic cell sorting (see, for example, International
Patent Application WO 0210347 A2 to Benvenisty, U.S. Pat No. 6,280,718 to
Kaufman, D S and Thomson, J A; International Pat. Application No. W00129206

25 Al to Cibelli, J et al), these methods are cumbersome and costly. The observed
morphological features of the mixed population of cells generated according 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, enables rapid and efficient

30 isolation of vasculogenic progenitor cells from the mixed population of cells (Figures

1C-F).



20 Wil e previous techniques for selection of specific |ineage progenitors
have depended on i mmunodetection of indicators of differentiation and
speci fi c welw/nsizbeeages and fl uorescent or nagnetic cell eamtiLospomee, for
exanple, International Patent Application WO 0210347 A2 to Benveni sty,

U S. Pat No. 6,280,718 to Kaufinan, S and Thonson, I nt er nati onal
Pat. Applicati No W)012 Cbelli,.J et al t hese .net hods
are cunber sone ths HTFSPn *ﬂ‘?g’ §B]§§Y \?Eﬁloyﬁ&rsﬁﬁof’%@}??{mmﬂ@a‘?&}{rﬁ CHPM ¢ he

m xed popubibivRiy &fffeﬁe@lklhﬁorge@fcﬁt%/ﬁﬁﬁﬂbw%ek@néﬁ"%an tiRagd ARG ufhe t he
present invention enabled a sinple and rapid isolation of vasculogenlc

pr ogeni t orvaciens sﬁlttﬂabmef msyphoteetiys apdjon sdenaiterdetin aphroalesnps els Setiter on
whi ch foll ws § f,‘CtI on of cells smaller than 50 m enables rapid and
ef ficient bse 96n of vascul ogeni c progenitor cells fromthe m xed

popul atsi on of Coleihddé bf Ai#FaBSn ark WelFknowiOn0Ré B8 /ARR aBHHY Jabi3t P34, 23 Thus,

the present nethodol ogy enploys a step of si zel nor phol ogy Sel ect
f ol | owi ng nieshi sieymt filien aml ti8ulske. sinleafmmphmhpgs}c & dibeaitsi watrxaor beroai fected

R b Bl na R PO e B e T BB Re s 2 1
art, such @ nbEmpes &AGH duftRUAR o Bal Lift R¥&iced CArﬁ)eArb%Pgﬂt UEA;) 'oFt ors may

Filters can conprise a fibrous matrix or porous materi al
be one of Bbvialan (Bostonr YAl U§ARv A pelinedffilier es g nyhol mdshqulterblnnvurg)a I | mted

to cel culturefi ters f Life ces Ann Ar

BD- Fal ton RBBS1%5n® ﬁﬁ“’ﬂs erﬁ. gaLﬂ" é’f?e@STFEPCtOBT Bogtog, M‘g almé?‘é‘ﬂg ter
having a 19hARf, engbEATiIdQem (ocﬁish a1, a?%’@rﬁmoo@ﬁ}nﬁéklgg g&&ﬂe MA)
allowing the snmaller, endothelial-like celTs to pass and the |arger,

snmoot h- nuseickidedke cel s to be excluded. "Mor phonetry" refers to the
measur enent of t Lnal f,or can enp met hods i ncl udi ng hut not

limted to 2- a WF%Q@P%{?]% |I§eaSW&U]§Hg%€je’ﬁt?Fﬁ g1, ansl cARAgRlpY
sof tware syiai ﬁcﬁ:ﬁfng‘lﬂﬁ%{ filnftad PR ﬁ@% -DSila3L a&ny&é ﬁﬁbé&e? éeﬁ% than 50

mis comercially avarlable to one skilled in"the art [see
Met anorsph anghystswafteraeUuitalele Sarl identHgiatign ﬁmhso],atlﬁomﬁceig shvallet Ay ,50|plﬂi’&gl c 5

(1 S ob T S b TR B e S REIR: neo
with vell dypavie URVErsH ﬁﬁmé&p@,nﬁowmmg PA, USA), Imagic-5 (Image Science
Software, B erlin, Germany) and Stereologer (Systems Planning and Analysis, Inc.,
Alexandria, VA, USA)] and can be combined with well known light microscopy and
20 flow sorting techniques for selection of objects of desired external characteristics
(e.g. size) (for suitable apparatus see, for example, U.S. Pat. No. 6,249,341 to Basiji
et al).
“Densitometry” refers to measurement of the optical or physical density of an
object. Since the smaller, endothelial-like cells have a unique and characteristic
25  distribution of cell components, densitometric measurements may be used to
characterize and provide criteria for separation and isolation of cells. Devices
suitable 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 gradient
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). Thus, the present invention provides



20 flow sorting techniques for selection of objects of desired external
characteristics (e.g. size) (for suitable apparatus see, for exanple, U S.
Pat. No. Wp2308R4d to Basiji et al). "Densitonetry" refersTiibo®azur enent
of the optical or physical density of an object. Since the smaller,

endot helial-l1ike cells have a uni que gg characteristic 25 distribution of

orovi do. or 1 8 aibFopid BRI RIS Rl SSHERHO G GSoIER ( BEVIaU ¢ bl &
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MECOS- C1 bl ood cell densitonetry analyzer (M=eCC _ scow, Russia).
Cel | s may whivh laek slepizatde @olifyratienicapabiliteso hmiting their praptieyappticatiendensi ty

B it avay RRBESIERE v Na Bk PO ey L P T E iR M B e ot s on
echni gylesysaceofentafiser.sh)) BiichemBentyrobbie e R00aid v} #9) . Thus,

the present invention provides WO 03/08 /1L03/ 00320 24 an easy and
rapi d approwtieds of heqgesnit invertioh [areyeapebla of genesatongilangk atinbers oPidenticals

met hods of i.sol ating suc rqgeni tor cells, have produced progenitor
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18: 399-404, and Schuldiner, Met al. 5 USA 2000; 97:11307-312). The
vascul ogenteaclpnggyefi ther preednit sinvesioat &d charadtérezed by haod sbaidante ofr edlent

invention are capahle o nerating | arge ers of identic cells by
prol i f & at PHHES ﬂgﬂﬁfﬂéﬂﬁ@fﬁ@ﬁ&% o qf%@?%ﬁ%‘é‘% BYEF o5y and
vascul ogenteioifdpde thb®ersC Qhigtrd I8 atia4 E&Rf@fyd?g%iﬂeﬁtihﬁ',e as | fREAIAIHyOf the

present invention is characterized by an abun ce of "cells 10 exgressing
t he endot haicbmlorgivagefn(Brdt) mie ier n\deusa@ignde i1H. (IR tharabsent€oEpdditidnal

endot helial .markers (Fjgure_1F), .and_ actively proliferating, .as indicated
by incor pSHER N obfélfthﬁgrd Ei))erfqr?fg"au?‘hethﬁ% Ic%'&s AFC P1)generating datgssence of
addi ti onal nuxﬁfa%rg‘ék%lﬂ(i terdt Wabdd gegl‘lcf;{r enith? &llisOMn HAiESE, BE VS uRgEnicaprabl e
of generating large n n%ers of “mul t'1 pot ent vascul ogenic progenitor cells.
| n addis i oprogtiieorcals maphe maintdihepimgeiableatate evdrexomedingty oag ptdodsed i n a

vi abl e stat.e qver exceedingly |l ong periods of tinme by cryopreservation
accor di ng El@eéaaycra?prew%@m%&rgmgrto @Bn it theometgds derarongeiontigs sioFgRi ng

typicall y. Qﬂpihg%ﬁ% ?ﬂicﬁﬁ'}eerﬂﬁfoy&ﬁﬁﬁhe fmqr(se%z(mkﬁnplg; 9:s.Bat 'N(N%‘,M@;l%go’ 123
to Denetriou, et .
to Demetriou, et al).
Due to the importance of differentiated cells in various therapeutic
| 20  approaches, directed differentiation of embryonic precursor cells presents an
important goal in the art of stem cell culturing. Although embryonic stem cells
maintained in culture often undergo spontaneous differentiation (Thomson J.A. et al.
Science 1998;282:1145-47), directed differentiation of embryoid body-derived cells
(Shamblott MJ et al. PNAS USA 2001;98:113-18) and human ES cells in coculture
25  with MEF cells (Kaufman DS et al. PNAS USA 2001;98:10716-721) has been
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;98:10716-721, and
US Pat. No. 6,280,718 to Kaufman, D et al) and Carpenter (US Pat Application No.
30 20020039724 Al) induced neuronal and glhal cell development in neural progenitor

cells by exposure to a cAMP activator and/or neurotrophic growth factor. Benvenisty

produced pulsating cardiac muscle cells and neuron-like cells by exposing human



Due to the inportance of differentiated cells in various therapeutic 20
approaches, directed differentiation of enbryonic precursor cells presents
an inporwaxmwsogras in the art of stemcell culturing. Altreaghoxebzoyonic
stemcells nmaintained in culture often undergo spontaneous differentiation
(Thonson J. A et al. Science 1998; 282 1145-47), directed differentiation

f b d body-d d |1 NAS USA 2001:
o8: 115 10, SmRRoR e £lS teos pare SEGO AT TR NMReskan DS et
al . PNAS Usfyo2985-098s Tk Ber/ Rildt amerém@mA Wﬁa@beﬁ ucegﬁﬁhﬁ%&ﬁ' on of

environnmental factors. For exanple, Kaufman ef al. emat opoi etic
di f f er ent i Bati Applicatihunbo BB c@A1034 b td Beneenasty t'N)mlee\tw,nell redrthew
stromal cells (Kauf t al, PNAS USA 2001;98: 10716-721, and US Pat.
No. 6, 280, %bf’éve‘g‘SUt!@éiﬁ rfﬁﬁtﬁo gmploy) eithsy CQ%WBEH&e?mP‘MS“éB?dYA&maE% i%n No. 30

20020033972&1&))11 b@@l&%&qt&g ﬁﬂﬁhn@d%%c%ﬁ @%ceﬂeéu}fa&efﬁ%&&wm in neural

progeni t or expos e to a activator neur ot r ophi c
growt h fact or Bﬁwedndsﬂfe;tentmtmdmfetﬁe patcabdgenig magaiitac cells of ehec plebent and
neuron-1|i ke cel | s by exp ng. human WO 03/ 087296 PCT/|L03/ 00320 25

embr yoi d bB’éf?n o8 ral (b§ ﬁf? ‘?‘19 &Y ySXPPSYE Jt $PeFilict Bassulert grertht pussleygr . J et

al . Mol & 88w Arfacacul diner, Met al. PNAS USA 2000; 97: 11307- 312
and Internatl oﬂgﬁe Iéé SICtl%catl on No. WD 0210347 A2 to Benvenisty N).

However, all ofAshe 1lledmm/ﬁnnntheoﬁminpm bextion ewlicb Yfolow e¢xpoaart| dfuhe ng,

enbryoi d body formation or 5 selection of progenitors by inmunodetection
of cel 12 quQSﬁ‘(’:lég%‘F lpEpgenitpy cglly éﬁFdﬁiifefteﬂf é‘h‘tﬂc&PF@f‘i“’Hf’n’t ke gvca@tbufa@ Ei C

progeni t or maﬁ&{s%nﬁéreﬁmm %%@Fmﬁb HARRE LB phAdLRs. eﬁ&g&hﬁedrfog)é? BRI © to

speci fic vascular, smoot e or p0| i'C gr As is

i |1 ustrat efhction KVEGEX amdoked tﬁec:tppeznamzm eh Hoth | dsphogfrab bind Gfnctitial 10
vascul ogenj c. progenitor cells seeded at a | ow concentration, to growh

factors, Indisatoesolerdoghieliak sell phspotypg @@H@%i@ﬁc%ﬁxﬁé ‘(YblkF emwsttv pes.

Exposure tg .t o] f d b
nor phol ogi f(-%)lal 8o Bf%%tl? cﬁgw Xﬁeﬁfic))?;?%}? eﬁ g@tl%&? ceI Qsche(r%% ype
(Fi gur es 1m€rkl€rsa(mglﬂb‘s~ M)\ -E)WBihklady papusige td)cytblhﬁe§m@ﬁlbtemmla®pefeﬁw h

fact or hPDG=- BB upregul ated snmooth nuscle cell 15 nmarkers (Figures 2A-E).
Si mi | ar |y, iepatiien ¢igh %y@S@RIOﬁ@ycmqgﬁwroatCéléﬁ Negaes gBiMdi ¢ differentiation

ot he Vascl LIRS aBIRARRG Blorkiabiecl B G DSt ildhol MG 147604 RO ©

anot her aspect e present 1 nve rei1s
method of preparing somatic cells from the p opulation o f vasculogenic p rogenitor

cells of the present invention, the method is effected by obtaining a population of
20 vasculogenic progenitor cells as described hereinabove, and culturing the population
of vasculogenic progenitor cells in the presence of at least one growth factor suitable
for inducing somatic cell differentiation.
As used herein, the term “somatic cell” refers to a cell of definite lineage,
identifiable as belonging to a specific cell phenotype via morphological,
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.
Numerous growth factors have been implicated in the complex processes of
30  vasculogenesis, angiogenesis and hematopoietic differentiation (for reviews, see
Carmeliet, P Nature Med 2000;6:389-95, and Yancopoulos G Nature 2000;407:242-
48). Although some (i.e. VEGF, Ang and PDGF) are more dominant in their effects



met hod of preparing somatic cells fromthe popul ati on of vascul ogenic
progenitor cells of the present invention, the nethod is effected by

obt ai ni ngwe oppogebat i on of 20 vascul ogeni ¢ progenitor cell ecagLaz®szo bed

her ei nabove, and culturing the population of vascul ogenic progenitor cells
in the presence of at |east one growt factor suitable for inducing

somatic ce fferentiat h the t erm" somatic c ell™
refers t ohﬁné’ 5.8 ﬁn SN (hﬁ-n ‘énﬁst}?éla"éé’mgerlﬁ eﬂF ﬂ%ﬁamagc B%”Sdﬁ&fpﬁfﬁhﬁ’o a
specific C@l‘ésul@@?ﬂfétcﬁ%ni’édaaﬁm% ?Qﬁaﬁ?b&&hmate&@cﬂléﬂ'yﬂ PhRb& R facir@chemi cal
and/ or functional criteria. ic cells are by definition nore

di fferenti at ed, Thusl ab@xémgubtqnpcmémh,mmhaﬁ thos eepmat Dﬁtheﬁmdsemt @mentddr, s.

Exanpl es o f ic.c.ells t he context of t resent invention, are
endot hel i a?lreczeéjlo(??ereg%tb‘fnds ﬁﬁf&?}r’—@bx E?IP%Onea?fdnB‘ie(%ﬁwﬁ’eiI%F@r“ RefHEPEt g owt h
factorss hays heeRdi ©PvVas@ifdeddotesl SRARA SHctBE QVEIISS a8 io SiBtin (A{%)I,

vascul ogenesi s, angi ogenesi s and hemat opoi eti c di fféren tion
revi ews, spletelaCalenedd gowthPfadsir (PBGcpRO0 (Eigh)388odbhist gmdfth{ﬁmmmEGFps G

Nat ur e 2000 407: 242- 4 Sonme E d PDGF) are nore
N mant 1 Ao SORH ot 108 oarB R bt iy Foiss0 (PKE: harobheb <.
effective Q'yﬁi‘r@ﬁcﬁéﬂd a&ﬂr@ﬂxb@fml%&gf{ﬁh&f@ﬁmceidsﬁlu‘; Nt@n3 OB | Eachif! (S

typically a result of the combi’ned, and tenporally coordi nate acf’i on of a
nunber of Gamubocste connysstmadatmgjfan@r (G-GHte aedtgmhuﬂxmyte-mﬁcrbhhae ashagt of the

present invention, _dir f ntiation is eJ‘ ecte usi ng._one or
more gibwt FIPHAERE @CFOHZ&'&}@hg 5{%{’? aators, ge qoMmmered lf'évalg"‘%"d?l%’te s 6t hel i al
grow h fac el et derived growh factor
(PDGF) , ep%?(r)tli1 %%’Eﬁ}epa@%?gb Eaagé %Fgﬁqﬂb?lg%@g?éw(}:) tumor growt h factor
(TGF), placent aFurghieombte, f awilbbe (a@PpiEEipted ahatake mbm;emamyshétr gmrtletfadnors

t hrombopoi et i n, tranzaalm n, insulin, stemcell factor G anul ocyte

col ony- st | FaY SPMRESE fapbies pEfasgrs ingluding EﬁIﬁHF‘BEW‘é’uiFéd?aSH’fga jEfereat RY 10
stimul ati ngiLaehOfoléHH HeFdoveSpfiinhiRBloBLS. AFfust ORFRLA B intnfBA! drale to one

skilled in the art, In preparations suitab use In c ure.
Fur t hetsvor ¥EGR famiilyl(fdvexappleeCE@QF € VBGH-Bt hVE@FQD)g IGMtCSMadi sFGMnayf act ors
may conprise famlies of factors including related molecul es havin

di f f er ent , StaRdateendeinglesditferertiation, Whiks the Bcﬁp#@nﬁﬁg fapnifeears impontan
crposure | BRI RAE A I bk SPETOLS, VR A
di fferentiati onWhili reeluting oCGpreseit ibnghtioanid ipgstias,eiti WAOIfcdiled that
following initial exposure to differentiation medium and size selection by filtration,
20  the vasculogenic progenitor cells, and not the smooth muscle progenitors of the
present invention demonstrate robust nuclear uptake of BrdU, indicating cell
proliferation.
Thus, according to another aspect of the present invention, there is provided a
cell culture comprising a population of vasculogenic progenitor cells being
25  sustainable in a proliferative, undifferentiated state for as long as 14 days or more and
being capable of differentiation into smooth muscle, endothelial and/or
hematopoietic cells upon exposure to at least one angiogenic, vasculogenic or
hematopoietic growth factor, as detailed hereinabove. Thus, the cell culture of the
present invention can be expanded and maintained in a relatively undifferentiated
30  state.
The pluripotent, and proliferative character of embryonic and adult stem cells

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



in snmoot h nmuscl e devel opment and | unmen formation, respectively. Wile
reduci ng the present invention to practice, it was revealed that follow ng
initial ewpaswsrmyto differentiation nedium and size sel ectPCONMLB/00320
filtration, 20 the vascul ogenic progenitor cells, and not the snooth

nmuscl e progenitors of the present inveption denonstrate robust nucl ear

upt ake of BrdU, .indicating cell . proliferati.on. Thus, accordi 0_anot her
aopect of THResHde BdmEmserind lrle POBHE g dSurfE e chltthst dn

conpr i si NGvigro PRI bFpropriate idi ffaemittion ERdt6rsPfo0ghidve Qlot @aly &iffefdnfibtior?8n
sustainable in a proliferative, undifferentiated state for as long as 14
days or nothe lwhogéien@,dlwdpalmeéls,diut dlspfregrphrlpgical obiorhrmaicalrandtanatomiail e,

dot hel i al__and/.or . t Opoji £t | ] to at |east
2oy ogont reg ek G B TR RR Rl G5B B0 SHPRBH Srishrtl 85 eP s
her ei napoVvige uddaUss atsB@rcE Gbt tiSstelodgM Safts,Br aRIRSANrgh G50 be

dr
expanded and maintained in a relafively undifferentiated 30 state. The
pl uri pot enbioreaeidrspr Bikirhples tof \tissugy shatchave heen enpinggad dn antdo adukartikigem cel | s

and W0 03 tisbdf BT REE SaaatPios Fiep SRl 1560 Pl LinsFibef g™ "
tissue propepd;1:37879P RAMGERaPy B5Res dAfal RACHR Opiht W1 Wobh.oanprgyr i at e

differentiation factors, to achieve not only differentiation on the |evel
of the i ndind pargicatelidlels (Matiadingler Br gadl Brpz daMed BiokRem20QRl; 34621 -Anat oni cal

i ti i nt i bl d f. ti [,. L d t t ,
which foy Bopeoiats e e Seff Speiptebed B0 gt e boop sPRBpReIS of al
or gan suppgYitt frof st Qalls. Pfrfdfd et cRsUME BePlisdd SpRIutNBInchige been

engineered in vitro are cartilage (Koch RJ and CGorti &K Facial Plast Surg
2002; 18: 59p@8eatis kislat-likee stridiures nEeinelvky et)al2 B3dendd :2004;299)1389€4) taodir i nary

ti ssues (Atala.A r [ 0 »Q 517-20) ancreatic islets
(Mari a- Eng}Iﬂ@?g%@u&kﬁqf%aB&?gﬂfh'l\%\Z‘g%ﬂ%A é@%&ﬁg%lgﬂwﬂ’ 10 However,
these tissues hqugelRRNsARAIBERERIaES B8Rl 8AVIRS e K JusRAUR Aoppenents,
not fromstemcells. Enbryonic stemcells have been used to produce

f unct i thal Meg2A001;@d0B&-40k teported Reripheral endnthalial pegehisdey foreting funcGonatnce
2001; 292: 1389-94) and od tissue (Kaufman DS et al. P 01,

o8: 10716. ZIPVFiTel: o7 dleedbduered) pRigme; pastar cLoReerihie I dENARO AR | n
vitro. Kaugiplooeizoaloe)( W@Iéki%’lﬁvihﬁﬂmﬁ%) %m%l'rﬂo@@%bé@dew&%ﬁ&ﬁhé?ﬁ[ l.aper al

endot hel i al progenitofs form ng functiona

demonstrated formation of tube-like structures in matrigel, and microvessels upon

transplantation. 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 form small,
capillary-like vessels when grown in matrigel with appropriate growth factors
(Figures 3A-G), and larger vascular structures on alginate scaffolds (Figures 4A and

25 4B). In both cases, normal endothelial and mural organization were observed
(Figures 3E-G and 4A-B), as well as blood cell formation within the vascular
structures.

Thus, according to another aspect of the present invention, there is provided 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.



neovessel s on decellul ari zed porcine vessels. Levenberg et at. (PNAS USA
2002; 99: 4391-96), working with human enbryoi d body derived endot heli al
cells, dwpwnssnat ed formati on of tube-like structures i nPoatiLog®eB0 and in

i crovessel s upon transplantation. However, these vessel-like structures
typically lack the normal 20 conpl ex gascul ar/ mural organization
characteristic g (gr mal bl o d vessel VWi | e reduci n t he.presen

i nvention to pr BE q ongemy osdﬂff‘ﬁ‘?tlog it pSpect B (RS RE R fnrY&P“ h¥3FHLEul ogeni ¢

progeni toryiggé is pif a;eaebprc@ﬁ&m lHEV%EﬁIQ&Iﬁ@E)fBgtﬁﬂi%rl eeuscapalskﬁf ¥olld, ke
vessel s when grown | n natrigel Wth appropriate growh factors (Figures

3A- G, andvdseulgrzativapoarhatingst mediuur.es Snchal gi magdeurnc dfpiohltis ¢enprisees 4A and
25 4B). In bot ases,. nor nal en thell T rgani za

observed | RRGINIE v SompoRsig 1o daapler MATIERORE BrrorenBedaiw t hi n
the vasculgia tHAUEE esﬁ@eanalgs,ma%pwh 436 1D ANhRE gr%%?%ct&f trddf, Pr esent

invention, there |s provi ded a nethod preparing vascular tisste. The
met hod is @ffhmotletmg)yascu]o'gunc rcgll‘sfmee n3i@ed dolldvang caggodfgatiars ¢ UT ey erviveh

progenitor_cells of the invention in the sence of . aj | east one
vascul ogenfeElOEhERS e A Ogdg s pnadayaseh quﬁ’ffdg?ﬁ%%ﬁl?g% ¥t abl e

for i nduci g Vas ik Ay teh&étHﬁla‘i“ér{)\%{lﬁﬁc’t&t%ect VCnORpORER RS ThkiAR/ 00320

28 According to one enbodi nment I's as presen venti on,

vascul ar darszsdgrmsthrfaﬁpa(lﬁhk}ﬁy ephitit (Epl)gfibioblastagrowitio desterc(FGTF)gamiok or cel S
in a sem-solid,_  vas rlztion- ronoti ng . nmedi Such a nmediumtypically
e Iy “ferior @’E@

conpri ¥es greth Afaetor i AR o Bt oyt 10 dgaduce gp
Bi osci enc scﬁﬁgé o gha/ct 4}4233%%% g??wﬁlodrld%gél théntd Inré%effeﬁleél eﬁlg{)(?lﬂ’gﬁp 1), in

whi ch growt tor-tre erenti ating vascul'ogenic cells arfe m xed
fol | ow ng thggrewtit faotors fee 5@ m@hh VEIGIG4;oarel tmylg/inel BPYGBIBB heGmbal effent i oned
vascul ogeni c and/ or angi, oqmr;l ¢ factors, such as vascul ar endot hel.i al

growt h factaseul Ef@n)we&ﬁg el PHdeirafier 7ol 2tdayancubalion, dehagicRiistc f act or
PDGF h
1£ act 03 (Tda—ido{he alccé) ntplg Flag% gs\?\%%g% %%}_ﬁéﬁ%@&gﬁ%ﬁwem? ggﬂgsv’\,t

vascul mgenvessamﬂ:hem aad dlegkdulls ag dstediedby Hutb®pamhélectton midpssebgy, aed
enbodi nment t he i?ovvth factors are 50 ng/m VEG-165 and 10 ng/m hPDG-- BB.
Growt h of &qﬁgge@up %’Eaiﬂuﬂ%stﬁeé%oq‘é’hltcbﬁ? NSy evident after 7-15 days

| ncubat i on. gﬁéf%&'rﬁé sco pr O%@@Lﬂcﬁkecﬁﬁ% Imf5/ 0410 BE MithrickBd R Ao by

Wi bel - Pal ade bo S an el n capsules;
seeding the progenitors of the present invention on a porous support, or scaffold.

Such supports are well known in the art (see U.S. Pat Nos: 5,759,830 and 5,770,417
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
by host cells, for vascular regeneration (U.S. Pat A pplication 20020019663 Al to
Termin, PL et al), for wound repair with fibroblasts (U.S. Pat Application
20020076816 to Dai, J et al) and for in vitro bone engineering (U.S. Pat Application
25  No. 20020028511 to deBruiyjn, JD et al). In one embodiment of the present
invention, vascular tissue of greater than capillary size is prepared by culturing the
vasculogenic progenitor cells on a 3-dimensional scaffold. In a preferred
embodiment, the scaffold is a porous, biodegradable sponge-like material such as
poly-L lactic acid, polylactic-glycolic acid or alginate, and differentiation medium
30  contains growth factors VEGF 65 (50 ng/ml) and hPDGF-BB (10 ng/ml). Vascular

tissue of the present invention grown on such an alginate scaffold typically



15 vessel lunen, and blood cells are detected by histology and el ectron

m croscopy, as detailed in the Exanples section which follows. Conplex
macr oscopwo oBiosmeae architecture may al so be mi nm cked in viPCmaLywosmeedi ng
the progenitors of the present invention on a porous support, or scaffold.
Such supports are well known in the ar% (see U.S. Pat Nos: 5,759,830 and

5,770,417 20 to, Vacanti., et, al and 6 9,962 to | et .al nd have been
Coeont 1y (FnRRE Flchiaf b ills Sooh st en; idkfickaCina trdaoF iRlsdE T |

vascul ar i zadlsellanclugond dv@lviod WiARbiaaa Fabtyr ftasitdagetd @m&@@rﬁgta_éstmg).
regeneration (U S, Pat Application 2 0020019663 Al t o Termn, PL et al),
for wound repaiFivitig ves¢ulyrtisseepreparedbsthepaethpg of thearessnt inzgoR0c28dE6 t 0

Dai, J et al nd for i.n vitro bone.engineeri . Pat li.cation 25
o, 200200588 £5° vtetemily hlra Bt MoPREL AT o & paflahR 158l ecent
i nvent ison, VyRkEks! takud ngSUBe Gpeneat gito t A flodig Dr ZR1ultS ofghfBAsed by

culturing the vascul ogenic progenitor cells.on a 3-di nensional scaffold.
In a pref esufsting efrpodiipsufiicienther daulty olageulanzatipar @sisin Bieo deigroxdseilag

sponge-1li ke terial. such as oly-L lacti.c acid.. polLylactic-alycolic acid
O TR S dip B of freo Bk xneBiShisfe 3R o iR 8L B afolid 35\ £t b6
(50 ng/ M )indesheRFOEarBBsdat® aédibbral-VRsEIH! dikeast.] SEHrBf vARA1PHERRIYF

i nvention grown on such an al ginate scaffold typically WO 03/087296

PCT/ | LO3/ Othg2ireseny igueriiont cait axovide duped vebsetsaof elargst digmetarc foratissuamen,
endot hFol i al 1and sqntglt h nuscle cells. Zetl)l i ncl usilon and von W. | ebrand
Fact or at THAEAYL e%aBVt‘Br%aS‘(‘SFPgL?Pé%"a AOBRSS VRN g ICREEEaRaT PPl 2e

prepar ed byhérbe1ereiibes aftoindiBuiy BsaEd. | nventi on can be used for
regenerative therapy, and for neovascul ari zati on of non-vascul ar tissue. 5

Vascul ar ti ssuelt wall be@pprepilatedithat differenteating coliines ogvassilay tissuesipeparedr gani sns
suffering fromi nﬁuffi.ci ent or faulty.vascul arizatio
T @fé’sf

., as i.n the
i cr ovascultdR VeERREIIGprosen 'tng preseromyPRigRo e BRRYife ATASE! or at

risk of i sgingpleCiiiaimRImvedizatibh Jrsploesisss REREingdvaRARE & Wlopment and
cerebral -vascul ar disease. Simlarly, vascular tissue of tﬁe pr esent

i nvent 1son Raetiqr didrgsamplsothecels midstisied efithe psentenentibmmayibs subured
A e e MR T e
di fferentigtd ng Gipbbdd &5 nbh-sthAGHY! SirbARSMES RIRPILEH as ft&ﬁ@ér!ﬁ?é} aggeni ¢
progenitor cells of the present invention also provide a del “suitable
for the i npassalipgessisrandfpihracessbsredfih dlot prespnea o€ atléy froleehaypisaures oand
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 determine the effect of
various factors.
Thus, according to another aspect of the present invention, there is provided a
method of determining an effect of a factor on vascular development, growth and/or
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 to discover novel inhibitors of



15 function. For exanple, the cells and tissues of the present invention
may be cultured in the presence of suspected toxic materials, antibodies,
t er at ogenwp odsmese and the 1ike, or exposed to non-standardTdansd/cerorent al
factors such as tenperature, gas partial pressure and pH, or co-cultured
in the presence of cells fromother tigsues or other organisns. Changes in
paraneters_of growth and devel opnent, such as failure 20.0r del ay . of

endot hel | af SSHPREI G prts S5, 8P BEBle, ek netR oo feeris Tpikdling, Vodiin .

or gani zat i @veRpnicit ¥hd g PoWBSEoH dtidns dtficiubiag t Ikev AERESHE PropcsifRbetdlisne t he
effect of various factors. Thus, according to another aspect of the
present i nshowld obe famenablej sorproged @aefarablyet ppftme)f st easeuingepesin aflf ect of
a factor on vascul.ar.gdevel.opment.. .gr.om h _and/or 25 ification, T he

met hod | s RS b X FOSRR PP bmeBR o wRRNRT bbb R EY B tor
cells of tHigfeRBagt fActotODtchRrdndre! iBshas tOmpodfich, 4as phiialpResRd &luf ect of
the factor on the cells. The vascul ogenic progenitor. cells can be exposed
to a fact othedikgphor thecspedific stage of vasenjarntevelopmentchpinginyesgigatedcul ar

devel opnent, gr h, or, .joodi fication. Such .30 assays are wel|. known in drug
dovel opnent " andHeeb AR e aririhs Bsedtiftnen { EAEG: Heprdnl inPaos; oo
effects of fMAThANRGDatith 8NIRLuTORENIE PRodehiReH dBRB of e Pl invaAton WARCUl ar
processes, or, alternatively, may be used to discover novel inhibitors of

WD 03/ 08728&6 aRgDLeness/i0igbiting @0 Yiswd mdbnprsivented diffareidiation tonbYEGF
assessnent .of eff S Lnhibjting vasc r. devel o nt. and growth, ¢
ond 11 She. GTRUER SATPT Ry b 20 UG Lo FERBRN O el PSRBT e
favorabl e, pREndRy&oRIEbE salbNed fRJoftial him MBSO S8NGShiSoB L ascular
angi ogenesi s.” This includes optimzation of medi um conponénts (such as

growt h or éewgldpnengnby sxpesing aascologpnic trrogamitat welds, smosingathe dogpadi ti on,
gas partial pressures and he l.i ke, for the ecific st of vascul ar
devel opmenmoBUfEE mIualon ot B8 EeyaloPmT of PEaRL HmerddnrLuBARy

i nvention 4Q4dRhaft hee; smﬁaﬂp,r BRE sliMuRBheI u_pﬁég&mng%gidggﬁé&a&dm of
vascul ogenic progenitor cell's of the present invention Wt an

angi ogénesvascilogenisisi inghamisculvgerua graphiter elle whe He dictf msesned aideosutby hVEGF
10 (Figures 5A-B). Si.milarly, a. drug.intended for treatnent of early

conpl i cat i BEM Co’b‘ﬁ@@‘??ar?éyx‘tlgﬁln& beS%@Faé‘é?Fed‘f{eS‘im%Jo‘faé?ﬂqg%qneﬁ%r T effects

o OB M BRI OS5 IS, B
devel oprentompounide andbiokginal agentsods conmonl y
Since progenitor cell populations are highly amenable to tissue engineering,
20 transplantation and regenerative therapy, genetic manipulation of such cells can
provide a source of developing cell populations bearing unique, previously
unattainable characteristics.
As is clearly illustrated in Example 1 of the Examples section hereinbelow,
the vasculogenic progenitor cell population of the present invention exhibits active
25  proliferation thus making such cells amenable to genetic manipulations rendering
such cells, for example, capable of expressing at least one exogenous polypeptide.
Exogenous polypeptides expressed in such a cell culture 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.



used i nthe art. Simlarly, f actors stinmulating or u pregulating a

ngi ogenesi s and/or 15 vascul ogenesis in the vascul ogenic progenitor cells
can be bewDa®smsced under sub- optinmal conditions of cul tamings/ooRebst ances
af fecting vascul ogenesi s and/ or angi ogenesis include p eptides, p

eptidom netics, p ol ypeptides, antibodies, chemcal conpounds and

bi ol ogi cal age . Since progenitor celd popul.ations, are highly amenable to
ti ssue engi neeﬁ%’g,vas @O%efnécng%rf)é%r{“gfi %er%fsar?g #lggé’rrl%rgré il\r)%eqtlﬁgr 5%9' bSeneti c
mani pul at i ManiphilatedCld egpress eRGEenPisOPORPeidEo byCtRtuERIEbOR REklstide
popul ati ons bearing unique, previously unattainable characteristics. As is
cl early il sequencareaepding theagrpgenous pelypensidexeimpPresurseiciormwiites exogbedusw, t he

vascul ogenj rogenid or cel|l.popul at.ign o resent jnventi.o xhi bits
retive osPrBPRAgr docssidr orak e e siPult @il bAoA B

nani pul at i eRGulbLREEP FdpenSetdeIe&fl the chifire yadRU®pofa@iBAbEAciOfh FhoBpIRSSI Ny at

| east one exogenous pol ypeptide. Exogenous pol ypeptides expressed in such
a cel | cul migreinjeghobdippddatioguretrae or ek &iral or midrebiglydcsareoraathérgueans

angi ogeni c_factors, ., vascul nic f ors, and h oppietic factors.

Addl ¢ § onal “EDABaR: (o8R8 ot sty sRAL Y TE A8 " TTRCOB, bt SR ous a0
recept or s, eldgedidSseq@lck(s QQ%&{blérD'C%ﬂb”eQPresﬁﬁ XH@%XO%%B&& gslyp&pritenes and
i mmune system proteins. 03/ 087296 PCT/1L03/00320 1 The vascul ogenic

pr ogeni t or mge bt scre¢nedrandsadated byiterhniquepweldypowa in therdrpinichiding, bot =otpr ess

exogenous pol ypeptides ntroductign of a n tid nc codi ng
the exSbenbautd P, pasEnabot B FsiiapiPubiefey niLRR 1% RIGEBLS Tl

pol ypept i dgepréssipgedx@dendul pil§Rpats! &h CePkdrdestRl eRPARIRA C diffeh@itibleanmfier red to
the 5 vasculogenic progenitor c ells of the culture by el ectroporation,

cal ci um phussgHer, éor expinplep reppiruigi wrughepoigerddfent., Ir iy wanmer, ailhdisswdsr al or

m crobi al vector or .other an?& wel | known t.o one of. . dinarg sEiLI in the
art. Prof ePaBES RUFCRIEPRT St HSEeTaS SAGULS oENTRHE ) et bty o

Cel I's exprgap ueweéseeej@&ﬂgﬁmmFﬁhbée%twgs bg@ue hé&st %?%a@ﬁéi‘&d 12RGhili&e! at ed by
techni ques well knowi in the art including, but not 10 limted to

i munobi ot tdllsgxpicssmgaid scoreting aascajogiihic Sowthdadi@rsPGRveBaiprsssing gpovelsi ng

exogenous po] ypeptides c be harvested, expanded, djfferentiafed and used
For Tor  cRRinb TECeRER i iy S R B THEEh A 08 ulfures, B SHAIRERE el |'s
Ealntsis;grsw 0 riog%rﬁt%'i‘%el@saﬂitﬁ%thFeﬁQ&ﬁﬁ&al"ﬂ;&ﬁmﬁ?&%%?@&s‘i@di@és B EfraemimRhabi ity

factors.

The vasculogenic progenitor cells isolated by the methods of the present

20 invention can be used therapeutically, 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 embryonic regenerative

medicine. Examples of such therapeutic applications of stem and progenitor cells are

the augmentation of vessel growth observed in areas of ischemic tissue after

25 implantation of adult endothelial progenitors (Kawamoto A et al. Circulation

2001;103:634-37) and the neovascularization by adult endothelial progenitors

following cerebral ischemia in induced stroke in mice (Zhang ZG et al. Circ Res
2002;90:284-88).

Thus, according to yet another aspect of the present invention there is

30 provided amethod of relieving or preventing a vascular disease or condition in a

mammalian subject. The method is effected by administering the vasculogenic

progenitor cells of the present invention to the subject.



wi || decrease rejection of transplanted materials by the host organism In
addition, 15 cells expressing and secreting vascul ogenic growmh factors, or
over expr ewoiagspow h factor receptors can be sel ected amdTauozoesmd,
creating cultures of vasculogenic progenitor cells with altered tenporal
dynami cs and/or sensitivities to diff enti ation factors. The vascul ogenic

progenitor cell | at.e f he th t sent Q_inyention can
be used therapeﬁ[t‘3 h((,’af 8f 2 %FHX‘FPE‘% emprqﬁen {]f &r ﬁ"r?dp’i?é dPYPUPR |t ed

di sease. Fobrdts %hrtféﬁféhbr%éﬁ%bje@@' M@lﬁds%ﬁacdcrna&smﬁ%a&éxp@fmrc diigpai r of
damaged and " ischem c tissues, vascul arization of regenerating tissue and

enbr yoni ¢ inty tanget adifey en thedub;t:cne thEmeIOésth@ﬁn@ubhn tche heepiasgried iapphi cati ons

f st t . t.at f h
observed | TPRFRaEEe PLER LR sl uiot Do bt it AP aR P athube
endot hej i aleRr QEF M Qﬁlﬁe&tgag’@&phéh\%r}etdeaﬂces GhdlGad aldedNe.o200dhelds: R34- 37)

and t he neovascul ari zat'ion by adult ‘endot helial progeni tors fol’l owi ng
cer ebral |1$11f.hang a:eiln anddfloald site dk@ b|or1y nifce 1e2ipzany sabjest. Il a mefem:reRes

2002; 90: 284- 88 cc dln et an t her aspect e .presen

i nvention TR F%t H??O“‘E‘FS Qf{d 3n’6?f gef % eﬁ?ﬁ\?gﬁgtg@t”gg ethE ng a
vascul ar  di$RaTenoinveRREGH thPBe hﬁ}m”aucéaam kﬂ@éhb?é&?laﬁﬁtdesﬁé?ﬁlo%idﬁo & heS
effected by admi nistering the vascul ogenic progenitor cells of the present

i nvent i on prog¢ther sally ef the i@ lidh @8 Be Gne@sd I11Lt0311¢108219hv6‘2 dekichoelg., of
adrn'nisterin theﬁioéfg eIIs of th rese i nve |ontP subj ect s,
parti ctfl ar PYDEE B e ]"e%’f‘g iRE 1P e nihe celld fath ¢ SueBFatrddrifcwion e cel | s
into tar geémﬁécfd@&d Q shipBort detﬁﬁﬂwﬁlenrclaﬁta?&ldll% sQkh hNFelivRKAIEVIQN AGAIKCRE
inserted into a delivery device which facilitates Introduction by,

i nj ection lareinyriicatetrat Isolufion’ inchele$ acedrtier omtidudnhen smtbple(t‘nescelsumihthdel ivery
devi ces include tubes, cat het e for ecting cells and fl uids
nto the B EMaLYiehEnCaios w0y lﬁlpwsavlﬁ%? beeuﬁegéwﬁbmlw'ec tofhe tubes
addi tional { €inch 1ideS [ ol | s of

t he i nvent |hgn&%gﬁltglg0?rﬁg)lrnodﬁcgg fanI?E) %{ﬂeéagﬁb?ég%t at :'thgegélﬁrvg g:Iacr)xg’:;"@trl on. The
progenid or dlslmrinsn afediar eThenuse of sweh caaierdend dikentsesiwel kaown ittha agte[Theer y

devi ce, a 10 S}(I’I nge n different forns. For exanple, the cells can
be suspend%ﬂlmi‘%‘ i RIsISG %ﬁ*e&le a@m@&h&athe ??‘tﬁntsthﬁtpﬁ%ﬁ’tsyﬁﬁg?hﬂ%yvﬁxﬁ%ﬁ

contai ned pefriien@sSubh KQAIARIEE fre cBndit L0k il IS o Aleha

"sol ution" inc carrier uent I n e cel
preserved against the contamlnatmg action of microorganisms such as bacteria and

fungi through the use of, for example, parabens, chlorobutanol, phenol, ascorbic acid,

20  thimerosal, and the like. Solutions of the invention can be prepared by incorporating

progenitor cells as described herein in a carrier or diluent and, as required, other
ingredients enumerated above, followed by filtered sterilization.

Support matrices in which the vasculogenic progenitor cells can be

incorporated or 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 examples of such matrices.  Natural

biodegradable matrices include plasma clots, e.g., derived from a mammal, polymeric

scaffolds, matrigel and collagen matrices. Synthetic biodegradable matrices

(scaffolds) include synthetic polymers such as polyanhydrides, polyorthoesters, and

30 polylactic acid. Other examples of synthetic polymers and methods of incorporating

or embedding cells into these matrices are known in the art. See e.g., U.S. Pat. No.

4,298,002 and U.S. Pat. No. 5,308,701. These matrices provide support and



invention remain viable. Carriers and diluents which can be used with this
aspect of the present invention include saline, aqueous buffer solutions,
sol vent s wodB087296 di spersion nedi a. The use of such carriperaLe®3zh | uent s
is well known in the art. The solution is preferably sterile and fluid to
the extent that easy syringability exigts Preferably, the solution is
stabl e under the condit of nanufa?@ure and storage .and preserved

agai nst t hXOlSSHOm AP g‘le ﬁ‘i@g‘n%cﬁrf’g‘ﬂnt(?f it M BgANdsdre. DEsiorss thsaprelsied and
fungi thropgh ﬁlh@,hféﬁethefvaséu%geﬁ;&amg&uopacreﬁp%fbsmu%hwdogfe% O ecihgno! .

ascorbic acid, 20 thinerosal, and t 1 ke. Solutions o he 1 nvention can
be preparedmmmm ncor porati ng progenltor cells as described herein in a

carrier or diluent. and uire redi ent uner at ed above,
fol l oned by fi |§é‘ffeé6r‘“§%18? ef Fhfg{ﬂip[?ﬁtedgﬁ &enﬁé’??geeétef ?ei \Mg ﬂafﬂnmélon :
vascul ogen % PJeC’EﬁéEtécP'bgCﬁb ors Off 1ngﬁ'%% 'effbgrg éﬂé’ @ &ithd ?@Qﬁdg) @lude

matrices are recipient-co 25 mhlc egra I o products
whi ch are nnﬂatéthbyrt)td-lmmamdrt&)nrmcml;(atlenmlt}i\brl\aagabpaerfw growsly lﬁzid&&ki Thus,
blodegradag1e natrlceé are exanpl es of sg&h matrices. Natura

bi odegr adafirexample d& C'isrféﬂ‘&iﬁég pracaRation gf smogthymuselg cap e tF‘?aé‘?ﬂ ¥ithamal |
pol ymeri ¢ gfmi‘am' G3en @maswgdf O?g«‘i*)ﬁﬁl Joaaggfévé@&l)g)hegﬁon R84 Smoot

bi odegr adabl e nat |ces (sca include sy tic polyners such as
pol yanhydr imlede prolungoerst hoest ers, and 30 ponIactlc aC|d O her exanpl es of

synthetic polyners and.methods of  incorporating eddlng cells into
these Matrices Xﬁgu%ﬁ%ai%aridh‘é’nélftt(’m% can e treg}e Wlﬁhfhe methodsiobthg 002 and

0.5 Pal. Nsr HRadQE- infRRe BREEP ol ObEiFed UORONL: A0o0 (8 7296

PCT/1L03/0 protection for~the fragl progen| or cerls inVivo and

are, ther efsoligmiatréirrfasieh émjusd A wedherinptietmt Hengasicil vageahic dlspfda@enl tor
cells are introduced into the recipient subjects. Differentiation of the

i mpl ant ed (A& Utooyesilar shsydass taxisting| frgmobuthhén'%lml@ﬁtwh hegegitayy addi r ect ed
by f actors Weicg)%ﬂl 'a%aﬁe%.n ‘t& uﬁ"é{i Ws%ﬂfil'r '&%o}d fss’%%feréj lo aglfdlsJ)rﬂtL.ctf' ated by

pre-lnplan ation 1ncubation w I'I neage- speci fic grow ors. Thus,

for exasnpl epsuitef et sirthe troluding s¢cegddre vadcuf nahifSamidng oNgsabiccavthe t
reated with cells having been exposed to PDG:-BB, to achieve a popul ation

enri ched i AlsesBotush anihe maickvasqyias rthologies efsdighates. df loehaypiakeRer@s98i t i ons
h b d
that can ﬁlél?}l’é’e %fglg tx\‘ %]P ok Q%SH[EB E‘lﬁlﬁ? Tesh éln%?o% E{Etgés;%d op \éﬁﬂltms?led 'bpoo ude

congeni t al acqul red vascu
supply, and the tissue damage, especially the inflammatory response, associated with

reestablishing circulation in ischemic tissues.

20 Conditions which may benefit from such treatment include ischemic
conditions (associated, for example, with myocardial, brain or peripheral vascular
ischemia), wound healing, tissue grafting (including transplant) and conditions
involving endothelial cell grov\;th and proliferation, for example after coronary
angioplasty, stenting or related procedures, re-endothelialization of arterial grafts,

25  and endothelial regeneration in A-V shunts, e.g. in renal dialysis patients. In view of
the complications encountered using porcine progenitor xenografts in primates
(Buhler L et al. Transplantation 2000; 70:1232-31) the methods of the present
invention, which can be applied to human stem cells, are especially suited for
treatment of such vascular conditions.

30 Since it was observed herein that the vasculogenic progenitor cells of the
invention, when exposed to hematopoietic growth factors and cytokines, can be

induced to differentiate into blood cell progenitors and mature blood cells (Figures



i schem a/reperfusion injury. As used herein, the term "congenital vascul ar
di sorders” refers to vascular disorders existing frombirth, including

bot h her edptoaing72a6d devel opnent al di sorders. "Acquired vastuLewoodiosor ders”
refers to vascul ar disorders 15 ensuing after birth, including secondary
vascul ar manlfestatl ons of systemic or,other disease, such as the

o OV AR % SRl BRSSP OB A e

bl ood SUpﬂlscv,bearsed tthe tbathipU6r fRvaERe £ hBReiodical idiatd bt oM ¥h hesponse,
associated wwth reestablishing circulation in ischemc tissues. 20

Condi t i onsmamnehiangybigednef i t from such treatnent include ischemc
conditions (ass for h. car ai n,or pher al
. cgn)atrea\g\%ent ggle ted PY a&mlmns}(f% tgé @el S IHE %Eﬁbﬂfé: ﬁ?cgeﬁ

vascul ar ische Sste gra |ng spl ant)
and congi t ksHdstions thMe er @ﬁﬂl@tahﬁgldaffereﬁiduoﬁrmw BotBnéhdetrRlibfl S{dbioea, for
exanpl e after coronary angioplasty, stenting or related procedures,

r e- endot hefdllsl iHematologisal diseases el capditfons thap 5am e t@ﬁ@dtmmrewteﬁle}gé}n@r ation

h . |
Lgrré :\II zatJ |n tg%%neé n%Blﬁlﬂ?er gg&ﬂ?ﬁh ) y%:qﬁ]irﬁf%kooggélﬁ?lidgrrsvI)?E{B aﬁ’?og?‘?rﬁ B mat es
(Buhler L géophdstic disadzepl ant ation 2000; 70:1232-31) the nethods of the

present invention, which can be applied to human stemcells, are
especi al |y suit@de ¢xample paclotting <b$oré¢:cshltalﬁcs&mt@atr@mhhyttheonstho@of Bence it

was observed her.ein_ that the e n|t r. cel of th

i nvent ?(? , PRRRR lg&eﬁlgggdlst‘éo%mfgr ﬁ?’g#t%ea&‘?? thSP’sf’pgﬁ‘& ‘Eﬁﬁbﬁes can
be i nducealeﬁ&erféy fif eh& Rhileh&idl Vol wllmaimﬁeélbuﬁg%@cett %ﬂ@rashulaﬁig%e bl ood
cells (Figures WD 03/087296 PCT/1L03/00320 34 2K-M and 3D-F

respect i vepugyent tllhl@ntlals tup m}ém,ct prapgeadverd thet Hyferpdntiated qmiwﬁnhalmlls an al so

be used for _tre enat ol ogi cal. dIS o ndition in

a manmal igﬁ‘?p?ﬁ@ E@ﬂ élf%gﬁtsergdﬂved’g‘oﬂf‘i‘oé‘ d'OBy e\ % ng t he
cells int O(Figlﬁls'sbBRfG ah'd[‘dﬁ'lB 5TH&”@1'1&dtl§H1'§l éé!lskfi‘@n@otﬁ@l‘ial%b téit éé?lg of

differentiation into both endot hel'ial and bl ood cell mat ol ogi cal

di seasés othequestnt inyestidrhair campobigions dwtefcon bpminumstmied produicsg thenner
i ncl ude corigeinl tal a@% ?10% gl * od (fi orders, clotting disorders and
neopl ast i cCaiwgfador qellg Qh‘ﬂﬁ egotun ’te?‘% di sorder suitable for
treatment by thg gadibed ©f mt %ovéﬁe&roﬁé@nﬁerh@aﬁetap%cat%n\éowaééﬁiolg&g&and s
di sease, a type of henophilia caused
progenitor cells isolated and prepared by the methods of the present invention can be
used to provide vascularization of non-vascular, or inherently poorly vascularized
20  tissue. It will be appreciated that one of the most important challenges facing the
field of tissue engineering is the adequate perfusion of tissue and organs prepared in
vitro for implantation. To date, most tissue engineering methods have relied on
microporous supports and vascularization from the host to provide permanent
engraftment and transfer of oxygen and nutrients, with varying and often
25 unpredictable results, especially where thick, complex tissues (e.g. liver) are
concerned. One alternative approach is the fabrication of “vascular” channels in
silicon by micromachining, for population by mixed hepatocytes and endothelial cells
in vitro (Kaihara 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 Maxillofac Surg 2001;30:414-20) cells to provide a vascular network for



deficiency in the endothelial von Wllebrand clotting factor. Wile
reducing the present inventiont o practice, i t was uncovered t hat

di f f erentwats@saIndot helial c ells prepared by the nethodsTailoydve2mpr esent
i nvention contain von WIllebrand factor (Figures 3A-G and 4A-B). Thus,
endot hel i al ceIIs or endot hel i al prog§2|tor cells of 15 the present

i nvention o§|tionﬁ8thereof C m ni tered I{)rodum the

clotting f%t% W 1559 HRYFYG PR bRV Bf%squ?ss lelﬂc?lgl 82125 en to the

abovenent i 9,351%&51@%@@%&&1 @42péd. cati ons, vascul ogenic progenitor cells
i sol ated and prepared by the methods of the present invention can be used

to provide vas cil]hla?r, accardiog to# further espsctifdhe prgsent mm@ném,lthelposapﬂoylded

vascul ari zed sue. 1t wll appreci at.ed t 0

oortant Ao RIaE T luting } mantry R0 CrEduebah i ey ultng

adequat ¢ p@fﬂdp%la%n 0bf fvhs?c%w%eﬁedp@gaﬁm% RU18 Paide dontheting! tHeO cEIRY with a

i npl antation. date, nost tissue engineering nethods have relied on

m cropor oumasmpmantt ssumnendeas onditionsstitable for dnﬁfetrﬁélaltlosp ftthe yasulageniper manent
engr af t ment and tra fer of o n_and nu rlent . W ar nd ,of ten 25
unpr edi ct aBﬁoge’PEgu?etg 1%%&@6‘9@%&@ G chuscﬁeo V\J‘11 ijﬁ ?glﬁelg' %ér i ver)
are Conceérﬁﬁ(‘?dlm%tet}ﬁe' th&hRalidnsAPRIBaABinksred, %nf@%dléﬁisb%‘ of "vascul ar’
channels in silicon by mcromachining, for population by mixed hepatocytes
and endot hel i al Exghples ofn swiht eogifkerehatissu® @t mbsseTi efsue Hirg papared
6:105-07) ., I n_anot her. 0 nmoy e .. cl osel ckin roal  devel opnment,
ondot ndi | aherty eSS BBLARC Rt S lsaPRcta s Gne kv Palsaek MRplagietr " Cor |

Bi ol Toxi C@bnt%@t%%)t%é t@gue%)ch e REERARRInG FabtdeR c§rogtnitor Ells cdn B d

Maxi | | of ac Surg 01; 30:414-20) cells to provide a vascul ar network, for WO
03/ 087296 &Eultht:0BY 6aBi26lid Sgattih er gerowi prgos scsuﬁkld Howsvemmmnolyeusedvia been

successful in engjneering.viable, | ant a uI arized tiss Thus,
according F%‘%eef‘%fr Hig7ue aﬁfg‘}}%‘ﬁ?reof‘s fiﬂéﬁ%r}éesr‘é‘ﬁ qvﬁv qt%‘fﬂngtth% LL&POVI ded
a met hod ofjsagah e peztbAlePinRFIBhi@ o 1fn§§aﬂ%ﬂoﬂ_ hgtoRE BOY drarfidh €5tigd by
obtaining 5 a population of vascul ogeni¢ progenitor cells-and contacting
t he celi§ s wivbh iatonmmpadviarslyt |1Hrplmtanlnabere)usmrg ttisaues  sin tambther f preferred

differentiatjon of the vasculogeni¢c progenitor cells into en othellal and
snmoot h nusgreo ‘Q@ep'st qTHaIBH’é‘P?ﬂ $SHF 1Sl CTRPRYORIF HETYE; Prteﬂ%eﬁir;‘?ﬁfﬁipf AONssue s

an_engi neefn‘?@adtﬁﬂfbs\’@%gfgkﬁ%oxtfi)gﬁﬁﬁant%m £oRh RUpfuAngd neer ed tissue are

masses of 1 n vitro pr epat ocyt es; epi nd dernmal cells,
pancreatic and Nk redidiiss the praseqtliavenédn enpractice, it was also observed that the

cells larger than 50 pm retained by the size selection step of the present methodology

20 comprise a population enriched in smooth muscle cells precursors, expressing

characteristic epithelial cell markers and morphology (Figures 1H and 1G,
respectively).

Thus, the present invention also provides a method of preparing epithelial

progenitor cells from undifferentiated ES cells. The method is effected by culturing

25 the undifferentiated ES cells in a manner suitable for differentiation into

vasculogenic progenitor cells and 1solating cells larger than 50 pm. Conditions for

culture 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 growth 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 the

smaller, vasculogenic progenitor cells.



Contacting the tissue with the differentiating vascul ogeni c progenitor
cells can be by coculture in semsolid nmatrix or on a porous scaffold, as
i s conmonWg 03981296 N engi neered tissue architecture, as decaiiLes0320

her ei nabove. Contacting the mammalian tissue can be perforned in vitro,
prior to inplantation into the host organism or in 15 vivo, into a

previously i rrplgnt ed or existing ti ssgﬁe.éls{?g éirﬁgé‘ggirﬂepr ferred  enbodi nent,
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undi f f er enrepdratibnES easthlar cellseforrekpartnensatiohf andt prondry cnithteucunit@rsodde, t he

undi fferentiated ES cells in_a nmanner suit abl grfor differentiation into

vascul ogenP@epTHywi inghficiert. | Ehusniy wik e apnragated thak thedpgjaeds ¢fbe prgsant

Condi ti ons; . eni i I t.hei
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t hose det aisl fdmheddifferchtiated bieny edisul bgerprefefred gatbotimient C el &lls wiftthe
substitution of snmooth puscle or epithelial growh factors, such as PDGF 30
BB, i nl%| atscyar Essuetuscissagialsd by mcchaepdrRrengyBitameans: Jich as ioREDEF, it was

noted th [ L al - d e celd s. c roliferative
capaci ty o PREEE RIS 0 Wik W BRIAHARNRICERS Sisfifld (B3R 8505

PCT/ | LO3/ Ofialler (Shalkdthdn S0agm) kadothédls uells iSolaedihy sadsadctiondstdeniledl and
epithelial cells, distinguishable by size, norphology and cell narkers, as

vel | as | deaeindpr tisdvasqulseniCoRfOSRINOF 6pHs. neimibsely, adult emithelialgicls cambef
vascul ar cel{ . by I p fac Kk ecti .

i mmunof | uol‘rglélsatcegnggﬁlar‘{géc)f/l}agw&%ﬁgA%tar ?/H'El{sagel?le@gg’ &hﬁﬂeg et,%S% evi CE& and

Bul I ar 5 DGpopatatioRliyeater thixs 80 gmd Q6kk ih €pitHdikt Eells, iskBHedIgl.t he  preparation of
vascul ar cells for experinentation and primary culture cunbersone,
expensive and inefficient. Thus, it will be appreciated that the nethods of
the present invention may be errplﬁgﬁwﬁgésol ate and prepare cells from
vascul ar tissue, as well as fromunditTferentiated stemcells. In a
preferred enmbodRéerhce isheove @ldds t@fthd fitlowing examples, which together with the

above descriptions, illustrate the invention in a non limiting fashion.

20 Generally, the nomenclature used herein and the laboratory procedures
utilized in the present invention include molecular, biochemical, microbiological and
recombinant DNA techniques. Such techniques are thoroughly explained in the
literature. See, for example, "Molecular Cloning: A laboratory Manual" Sambrook et
al., (1989); "Current Protocols in Molecular Biology" Volumes I-IIl Ausubel, R. M.,

25  ed. (1994); Ausubel et al., "Current Protocols in Molecular Biology", John Wiley and
Sons, Baltimore, Maryland (1989); Perbal, "A Practical Guide to Molecular
Cloning", John Wiley & Sons, New York (1988), Watson et al., "Recombinant
DNA", Scientific American Books, New York; Birren et al. (eds) "Genome Analysis:
A Laboratory Manual Series", Vols. 1-4, Cold Spring Harbor Laboratory Press, New

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; "Cell Biology: A Laboratory Handbook",
Volumes I-III Cellis, J. E., ed. (1994); "Current Protocols in Immunology" Volumes



10 vascul ar tissue are dissociated by nechanical, or enzymatic nmeans, such
as trypsin or collagenase digestion, to obtain a m xed popul ati on of

di ssoci atwo :3@B129¢ and the smaller (snmaller than 50 m emrdatibed/ioato cel | s
i sol ated by size selection as detailed herein for the vascul ogenic
progenitor cells. Simlarly, adult epithelial cells can be isolated from
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(1994); Ausubel et al "Current Protoc n c Bj ol " .~.John

Wl ey and 3.84h3ds ,Baﬂpﬁﬁ&}?‘é %isgﬁ’d (‘f&gé)lb szdﬁ L Aafi‘i1 acf%aﬁ 2lgui de to
Mbl ecul ar « E\]S),m In 0ons fec val .
"Reconbi nan (ﬁé% %kﬁgom cilentifi éﬁa,&ﬁ‘el\% gaer:ld B@Wﬁzﬁo ilslel&vl%%(s)g)ﬁld Bi rl?dea%atg{n al .
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Spring Harbor Laboratory Press, New 30 York 998); I oI Qgi es as set
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5,272, 057, e 3%:9{ " I1is,
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"Basic and Cinical | mmunol ogy” 8t h Edi tian) %I et on Lang{ Nor wal k,
CT (1994) : Asadshu¢ | Prassg 'SR gProtesq Gudee Joe athedsodnd; Mpplrationa,

| mrunol ogy s .. i prEds€ QIR 2P d ER: 192@“1 ﬁ 6L 980) Strﬁgﬁleé 4 Brotein

i Munoassays” are extehsivel'y descr pat éht  and®scientific 5

l'i teratsur ePus@tioh Qarndemanabtenzdﬁos PatLabblasory 306«9&@ M 2nuaB, E3HLLPBess
3, 850, 752; 3,850,578; 3,853,987; 3,867,517; 3,879, 262; 3,901, 654;
3. 935, 074: (1996 allmd yvhickp arggacagnerated bygaterense as 1fofylly setstorth hpen. o Ogfier

(1084} " NEE A e pos gy P SEHEIAE, R MRERET rhe pifclprcbinclein, © 5

eds. (1985)re belisvass Meﬂﬁélpﬂl@ﬂﬁinﬁhaﬁﬁhﬁ@ iafH‘;')'roHﬂb@(ﬁ& the convenience of the

reader.

20 Unless otherwise defined, all 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 belongs. 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 inactivated mouse embryonic feeder layer (MEF) as previously described (Amit
M, et al. Dev Biol 2000; 227: 271-78), in 80% knock-out DMEM medium (no

30 pyruvate, high glucose formulation; Life Technologies Inc., Rockville, Maryland
USA) supplemented with 20% FBS (HyClone, Logan, Utah, USA), or serum
replacement and bFGF, 1 mM L-glutamine, 0.1 mM mercaptoethanol, and 1%



10 B. D., and Hggins S. J., eds. (1984); "Animal Cell Culture" Freshney,
R I., ed. (1986); "Immobilized Cells and Enzynes" |IRL Press, (1986); "A
Practi calwGusder2zb© Mol ecul ar C oning"” P erbal, B., (1984pcando3/dveiohods i n
Enzynol ogy” Vol . 1-317, Academ c Press; "PCR Protocols: A Guide To Mt hods
And Applications”, Academ c Press, Sgg D ego, CA (1990); Marshak et al.,
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grown - on do@?eﬁt(kf%iae@héﬁﬁeﬁ%&,@rné%@ \5(0] r6-Wall QishedVila) cAerfaBYh 8ES! Y
described (Amt et al. Dev Biol 2000; 227: 271-78), in 80% knock- out

DVEM nedi uiX(0iaeBYcmy,rin\dfferentitigh nogdinom sendistiimg o fatlplonMEM feediien I(hifé ogi es
Inc., Rockyille, Mrylapd . K USA) su mented wi th 20% Cl one, Logan,
Ut ah, 19sa)Techpologics, ﬂ«gcwﬁsflafelf%@@, gﬂdﬁbﬁﬂep,eﬂfnm Wit |195t§§13§§¥*y§3<1nw )
mer capt oet | 7@ 9 3 i.al am no
et d ot ook R YTIOSA 8 Al deapRarot Pt PRt MERSAMN S e

renoved fridi, tUSAY éudday b af enltursicells BoTeAfi Beret shiopgle aetit jod meshhstihier f et al
bovi ne serum (FBS;. Hyd one, Logan, Utah, USA) and dispers to,single-cells
using a 40 EgHORe Hickn Ak CopdhrsomeryDLiRTae oReAEr, AR 5E o0 YWaSbwar e,

5 Bedford,a‘]]g@,z ) di £.f t g gll.peL: und La i.ngl e cells
were plate ne(??g\ere?{f}g{ego °F£‘g}§‘{?cdc‘>§%‘]§ tlé’ébtgéllj %&@%,Sgﬁdsgggr%g%gpgs an Jo
se, CB, US&: sceded.at 26X¥1E atlisrom’cont wpe (TSI goltagehecdatal dishes (Béntboui s MO,
USA) 6-well dishes at a _concentration of

Dickimson and Co, San Jose, CA, USA) in differentiation medium (see above) with
hVEGF¢s 50ng/ml or hPDGF-BB 10ng/ml (both from R&D Systems Inc,

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

Collagen gel and Matrigel 3-D vascularization assays
20 Before three dimensional culture, filtrated cells cultured for 6 days in
differentiation medium were harvested with EDTA (5 mM) and 0.3-0.5X10° cells per
ml were incubated in differentiation medium containing 50ng/ml VEGF;¢s and
hPDGF-BB 10ng/ml on uncoated petri dishes (Ein-Shemer Industries, Israel) for
maximum of 24 hours to induce aggregation. For the collagen gel assay, aggregates
25  were resuspended in 2X differentiation medium and mixed with an isovolume of
rattail collagen I (3 mg/ml) (F.Hoffman-La Roche Ltd, Basel, Switzerland). Initially,
250 pl of this mixture was plated in 24-well dishes, which was allowed to polymerize
for 15 min at 37°C, before adding 500 pl of differentiation medium supplemented
with the same growth factors. For the Matrigel assay, 24-well dishes w ere c oated
30  with 380 pl of Matrigel (Becton Dickinson and Co, San Jose, CA, USA), incubated
30 min at 37°C, and aggregates were seeded on the matrigel in differentiation

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



5X104 cells/cn2, in differentiation nedium consisting of al pha MEM nedi um
(Life 10 Technol ogies Inc., Rockville, MD, USA) supplenented with 10% FBS
(Hyd one,woloagsmoe UT, USA) and 0. 1nM P-nrer capoet hanol ( Li fPeTAREIMGL00gi es
Inc., Rockville, MD, USA). On day 6 of culture cells were filtered through
a 40 gm nesh strainer (Becton, Dickingon and Co, Discovery Labware,

Bedford, Mo LS 204 481 nd@ﬁavlrl}t'lﬁﬁqh?ﬁ\de{nqgéél(ﬂéft‘ég Bigkinkth WAE'Co, San.

di fferent recu ure raln Wwere see

2.5X104 cestsjchUS'A)t ybhted ot Bagein ateafce,chlﬂltﬁlam&ddﬁemareWaIISZd&ithson and
Co, San Jose \, .USA) in differentiation medi (see_above) with hVEG-165
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vascul ari zation a ays nsi ona ated cells

cul tures fmicréscdpyOllympusiOpfiedl € Ltdf Hanburgdmbiler e harvested with EDTA (5
mV) and 0. 3-0.5X106 cells per m were incubated in differentiation medium
cont ai ni ng 50ngPeaffolErEsealrgation hPDGE- BB | Ong/ Ml on uncoated petri di shes

(Ei n- Shener '”dE’PI{]e coei ihAg'starfdll gsﬂzgfﬁb ﬂhﬁﬁh@oh@éshgg&ﬁméﬁa& S .

aggregati on. For gen ge aggregat es were resuspended in

2X di f f er ef3d)awho RindiydiptovideddbyriPreft Siniaddr GohensBel GuEionfUniverdsityi Begtol | agen

I (3 ng/mg (b)@ HOffI nan-La _Roche Ltd, Basel, Swtzerl and Initially, 250
of t hi sShbat Israshnels dnseriled abRvebergafiolgs avrag seedpr whthwadshaar PHIERH! o

| fif
o recl um SupEiik 9&%%5%%&#63%2%2%%@5@%? o pgbathaly Crr GRTT o' osay.
24 wel | di sles ssvded et @aifisld 30 The tdell3BRtailingd fscdfRildd gadre (tRaC calurll Gki nson

and Co, San Jose, CA, USA), incubated., 30 mn at 37C, and ag?re ates were

seeded on fiiErensiatigrymedivmn aymplanalied with Ang/mi NEGE soandil Anglm -(50ng/
m) and hPRGF-BB (1 Ong/ m ). In sonme assays, WO 03/087296 PCT/ | LO3/ 00320
39 aggregates were resuspended within the Matrigel (Becton Di ckinson and

Co, San Jose, featddoteric doarteyhagsag for 30 in in at 3 7C and then added to
the wells with differentiation nmedi um containing hVEG- (50n and

hPDGF- BB (I OngHematopoietip pregenitess sapability: #ias demepstiated Yy seeding traﬁe 2 days
ond onel ve SO E g pRiess, S AIRISRRSSS TAPYSIONY Solo 51O
(Shapi ro Lsenfigolfed hdiaSsupplem@it&l inaths cyk@8resl BVethocult GF+ media; StemCell
Technologies, Vancouver BC) (for details of the assay, see Kaufman DS et al, PNAS
2001;98:10716-21). After 14 days incubation, the plates were scored for colony-
20  forming units (CFU), according to standard criteria [Eaves C and Lambie, K Atlas of
Human Hematopoietic Colonies (1995); StemCell Technologies, Vancouver, BC].
Immunostaining, Dil-Ac-LDL and BrdU incorporation
Cultured cells were fixed in situ by incubation with 4% p araformaldehyde
(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 suppliers instructions with
relevant primary antibodies: goat anti human KDR (R&D Systems Inc, Minneapolis,
MN, USA), mouse anti hCD31, mouse anti hSMA, mouse anti hCalponin, mouse
anti h Smooth 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



583) was kindly provided by Prof Smadar Cohen (Ben Gurion University, Beer
Sheba, Israel). As described above, the scaffolds were seeded with 24 hour
ol d ESH 1Woamelog7206)gr egat es prepared as descri bed herei nabeea/Legpsmxi nat el y
0.5-1.0 X106 cells were seeded per scaffold. The cell-containing scaffolds
were then cultured in differentiation,medi um supplenented with 50ng/ m
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according to suppliers instructions with relevant primary antibodi es: goat

anti human KDR BrREDigpmosstion incESH/cnltersp ehd dliffergmiatiogaglls masszammmed h CD31,

ti_h S tihCa [ ti.h I osin
neavy hai PRar oY SHILARD ot EP . SPHE San RPisisto ORI DAL St human
VE- Cadher i fecoridl @ fahniZadth@iCinftnRtieny Brich§; Brd®aBS18tiéR Was dilkbd 14860)in ( DAKO
Corp, Carpenteria, CA, USA), nouse anti Snoothelin (CHEM CON, Intn'l, Inc.

Tenecul a, GAurdgrdiunCendraslded doriké selisdovdmight, | fellawed By 0802BBS RGELed, 03/ 00320
40 incubated wWth_s ndary, anti bodi l.one. | mrunostai ned cultures were
exani ned ﬁﬁloﬁ%ﬁbg%ﬁﬂﬁﬂg ﬁﬁegﬁﬁg‘é@dwoﬁp’@f%copy (A ynpus Opti cal
Co, Ltd. Hambupmuiiphdnonpe’ uptake of Dill-labeled ac-LDL, cultured ESH

cells were incubated with™5 10g/m Dill-labeled ac-LDL (Bi onedical
Technologi es | n€ells Staseightracicriagd, usigAimmbpeflupnessenc@ 7<ainiagl dsopvevigusly

I ncubati Ondesgr?tl)c!ds (Rveveﬁéig'\lo}l}BBSlli1 gtdal.:? Ntalt Bictech 2to'61 ,Fl%Sl lgi).x %(i!ieﬂy, filter-separated
ESH cells were recultured, as described above, in differentiation medium (alpha

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

hours, fixed and assayed for expression of specific cell-type markers with anti human

20  VE-Cadherin (Santa Cruz Biotechnology, Inc., Santa Cruz, CA, USA), and anti

human KDR (R&D Systems Inc, Minneapolis, MN, USA). At least one hundred and

fifty cells were scored within random fields (X100) for the expression of each of
these markers, and experiments were repeated at least three times.
Histolomorphology and Immunohistochemical analysis

25 Matrigel or collagen gel containing cells (as describe for the Collagen gel and

Matrigel 3-D vascularization assays hereinabove) were plated as described above

onto glass cover slips, in 24-well dishes. Upon completion of treatments, the cell-

containing gel b locks on cover slips were fixed in 1 0% n eutral-buffered formalin,

dehydrated in graduated alcohol baths (70%-100%), and embedded in paraffin.

30 Where used, the alginate scaffolds were directly dehydrated in graduated alcohol.

For general histomorphology, 1-8 pm sections were stained with hematoxylin/eosin

or toluidine blue. Deparaffinized sections were immunostained with the relevant



W th 4% par af or mal dehyde for 30 m nutes, exam ned and phot ographed using a
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of "t r edl mekpS, menge pith igne Y Fr cngha) She St Howchioltes iy Pt ere
fixed i n @& T LuUSA)- uhbRLE KIDRI(RRID rsysteﬂﬁm%%ﬁ%amigrwéwm,al cohol

bat hs (70% 1009 ,” and embedded in paraffin. 30 Were used, the alginate
scaf f ol ds weshed dindaotubatedXymimawithl suitebly sedorat andiballicsh lells weor ampdyzed al

hi st onor phol. ogy, _1- sections re. stai ned w t.h hemat | i n/ eosi or

ol ut di ne B1H 2 BASCRIPHT (D8H0R datekisie bR CPmdRoleG: it Wbch VHE

rel evant VEEPBORERAIG falé.| YW 3ys, 2119 FdabRE Yvit 5dBAGIaRBbodi iy LSAB+
staining kit (DAKO Corp, Carpenteria;, CA USA) or Cell and Tissue’ staining
kit (RE&ED Ssestedms cbmirgls.M nneapolis, MN, USA) according to manufacturers

instructions. Stained sections were viewed and photographed
ni cr oscopi cal | ol MO magni ficati on. 5 FACS Anal ysis

Cell seeded in Matrigel or collagen gel were fixed for one hour in 3%
glutaraldehyde, in 0.1M sodium cacodylate and then post-fixed in 1% OsO4 in
veronal-acetate buffer for 1 hour. Preparation for electron microscopy analysis was

20 performed according to standard procedure at the Pathology Department of the
Rambam Medical Center, Haifa, Israel. Briefly, the cells were stained with lead-
citrate, dehydrated and embedded in Epon resin. Sections were cut at a thickness of
600A using a diamond knife, examined and photographed using a JEM-100SX
electron microscope.

25 Reverse Transcription (RT)-PCR analysis

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

30  Reverse Transcriptase (Promega Corp., Madison, WI, USA) and oligo (dT) primers
(Promega Corp., Madison, WI, USA) according to manufacturer’s instructions. PCR
amplification of the selected transcripts was done with BIOTAQ ™ DNA



Cel l's expressing the endothelial progenitor markers VEGFR2 (KDR) and VE-
cad were detected and quantified fromthe two size-separated human ES cell
popul ati owe oafosmpe filtrati on and separate reculturing on trgpaLédwosm | agen,
as descri bed above. For FACS analysis, ESH filtered cells were washed in
PBS contai ning 5% 10 FBS, i ncubat ed W|th human VE- Cadherin (Santa Cruz

Bi ot echnol ogy, Inc Santa Cruz %ﬁ or hupan KDR (R&D Systens I nc,

M nneapol i B9 YWaSQJQXPLm@a%We@mbHMCk éi?“@@‘lyr)nuﬁmﬁnltlﬂ °§&Tt1§8‘lht9t second

ant i bodi es Aats b t Di nson and
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react ed W ¢dncemieniod (Adtirialigdi, SeﬁlMvas calibrasat (\madicaaed belotv).oTs .enddresdniion

M croscopy Cell seeded in Matrl or collag t‘éP were fixed for aone hour
in 3% gl uflvgntitaliag yesalts mthg RT- %@swa@’?w GRevelseforsagh setioked in 1%
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m cr oscopy ana ySI's Was er for ne ng to stan procedure at the

Pat hol ogy Rapasinifled wefe ddjestedRrnyiald dfedi aaplifidativerof tidahéusekdepingedene Bri ef 1y,
the cells were stained with |ead- citrate, dehydrated and enbedded in Epon

resin. SecHOARRH aparinigipalgtandandn PR, genditigns aB@BK’tB%q fenssted afrSrainiai f e,

exam ned a 025
Reverse Tr g%sog B g}%oﬁ Q@%%ﬁ%ﬁ“w}@% a?]ﬁiﬂ%fe\ﬁtr{v(\)/gésa @ﬁg@f gaaq)#r(gm
progeni tor ﬁormokedl (b) efirealing tergrgaueqlrhsndted bgow) forRvagenind @) g2re A dri ch
Corp., St Louis, ND, USA) according to the nmanufacturer's instructions.

Total ENA %ge@e@mwm&wtby fipgl dpeintextsppion 8hid Fyat theend. 10kiganusleetided f or

T T L s

(Pronega Caitp.J, Oafes @RredWOnddbA) 19985 dR4); taalpsainyf asdydleg) 'Te ic0StCuct i ons.
PCR anplification of the selected transcripts was done with Bl OTAQ TM DNA
WO 03/ 08720%armanmurp) 3t gloBp). CapcapdPigdéingeB 1085:A%r RS); BMtMIAGH Sevdkenwal de,

L, s LR ERRISA i €3, AR SRR B R
ol g W el anobebo i . i aasoba e
398 ;79: 245); caldesmon, 35cycles, Ta 60 °C (Duplaa, C. et al, Circ Res.
1997;80:159); GATA2, 35cycles, Ta 55 °C (Kaufman DS et al. PNAS 2001;
98:10716); AC133, 3 2cycles, Ta 60 °C (Shamblott MJ et al, PNAS 2001;98:113);
Tie2, 35cycles, Ta 60 °C (Ahmad,S et al, Cancer 2001;92:1138); CD31, 32cycles Ta
20 60 °C (Quarmby, S et al. Arterio Thrombo Vas Biol 1999;19:588-97); Tall, 40 cycles
Ta 53 °C (Kaufman DS et al. PNAS 2001; 98:10716); GAPDH, 32cycles, Ta 60 °C
(Itskovitz-Eldor J et al. Mol Med 2000;6:88).
Oligonucleotide Primers:
For the PCR reactions the following specific oligonucleotide primers were
25  used:
(a) a-sma: 5 CCAGCTATGTGAAGAAGAAGAGG 3’ (SEQ. ID. NO: 1)
(sense) and 5° GTGATCTCCTTCTGCATTCGGT 3’ (SEQ. ID. NO: 2) (antisense).
The predicted size of band 1s 965 base pairs;
(b) Calponin: 5° GAGTGTGCAGACGGAACTTCAGCC 3’ (SEQ. ID.
30 NO: 3) (sense) and 5’ GTCTGTGCCCAACTTGGGGTC 3’ (SEQ. ID. NO: 4)

(antisense). The predicted size of band 1s 671 base pairs;

(c) SM-MHC: 5° CTACAGGAGCATGCTGCAGGATCG 3’ (SEQ. ID.



5 prinmers was verified to be in the linear range of the anplification. In
addition, all RNA sanples were adjusted to yield equal anplification of

t he houseWweapiosrzo9gene GAPDH as an internal standard. PCRpcarndiyioezss and
protocol consisted of. 5 mn at 94C (hot start); followed by 30-40 cycles
(actual nunber noted below of (a) 94C for 30 sec; (b) annealing

Lemmer ot U Kok 5 BT ARAGT SRR ORIARE (RS0, 8, RS ot e
R S R E e S L L L PGS

60 C (Yanmdrcmddiieaifbahdlslmbas]epaﬁancer (Pred Oncol) 1998; 79: 245);

SM VHC, 35cycl es Ta 62C_ 1 cl 2 Boreham et al. AmJ Obsetet Gynycol
2001; 185: 944- 52§d) &M 2apos’ Cﬁ#%‘ggﬁ@é E6CAANARLHIPa(SERED- NO: Dnt . J.

et ot Gl B &@5&3%@@%@%@%@??@9& 1 ri'”%'saet

al . PNAS ZQﬁﬂlsens% ﬂﬁﬁ@lcted\ﬁiaafba’ﬂa(islﬂisebase'lmrﬁo C (Shanbl ott MJ et al,
PNAS 2001; 98: 113% Ti e2, 35cycles, Ta 60 C ( Ahnmad et al, Cancer 2001;
92:1138); €31, ( 2€9léi|e@§0q*-a52o%6Aé C%A@GAeFﬁG A+ ¢SBQ-dDTNsnbo Vas

Dhon. oo AN SRIGETIETIAREYPICRGG TS &R L ST BB Sl P
Med 2000; 6n@ddotidek zmo(yeﬁée@@ﬁd 792 @hiiseREe); refuctivélg. PERpraiatdd SAsoftaad

foll ow ng specific oligonucleotide prinmers were 25 used: (a) a-sma: 5'
CCAGCTATGTEARGAAGNXEAGG 3' (SEQ ID. NO 1) (sense) and 5

R S L T
(SEQ ID. s@ﬁ’se?@xd@ TEATEICPOdTEC ATCIAT TECREG2¥ (arktiskRe).| D. NO

4) (antisense The predicted size of band is 671 base pal rs; (c)” SM MHC
5' CTACAGGNBOAEdCREGHERAbas! & 242 5@ pdils, WO 03/ 087296 PCT/ | LO3/ 00320 43

Lo nubl coti des BACITaey NOT6d A RGEraG AN pRdsFiLp. K Pone!
predi cied geg&) qhd PANEACCATECRASETPRGTEETA 3’ (SEQ. ID. NO: 14) (antisense).
The predicted size of band is 200 base pairs;
(h) Tie2: 5> ATCCCATTTGCAAAGCTTCTGGCTGGC 3’ (SEQ. ID.
NO: 15) (sense) and
5 TGTGAAGCGTCTCACAGGTCCAGGATG 3’ (SEQ. ID. NO: 16)
20  (antisense). The predicted size of band is 512 base pairs;
(1) CD31: 5° CAACGAGAAAATGTCAGA 3’ (SEQ. ID. NO: 17)
(sense) and 5 GGAGCCTTCCGTTCTAGAGT 3’ (SEQ. ID. NO: 18) (antisense).
The predicted size of band is 260 base pairs;
() Tall: 5> ATGGTGCAGCTGAGTCCTCC 3’ (SEQ.ID.NO:19)
25 (sense) and 5° TCTCATTCTTGCTGAGCTTC 3’ (SEQ. ID. NO: 20) (antisense).
The predicted size of band is 331 base pairs;
(k) GAPDH: 5° AGCCACATCGCTCAGACACC 3’ (SEQ. ID. NO: 21)
(sense) and 5° GTACTCAGCGGCCAGCATCG 3’ (SEQ. ID. NO: 22)
(antisense). The predicted size of band is 302 base pairs.

30



(d) SM22a: S' CCCGAAGTGCAGTCCAAAATCG 3' (SEQ ID. NO 7) 5 (sense) and 5'
GGCCTGGITCTTCTTCAATGGEEG 3" (SEQ ID. NO 8) (antisense). The predicted

si ze of bapd3i0872928 base pairs; (e) Cal desnmon: 5 AACAACCPGRARBBOAIBGAGG 3
(SEQ ID. NG 9) and 5° GCTGCTTGITACGITTCTGC 3' (SEQ ID. NG 10),
corresponding to nucleotides 244 (sense) and 792 (antisense),
respectively. The predicted size o ¢ 0 is 530 base pairs; (f) GATA2:
5" AGCCGGCACCTGITGIGCAA 3" (SEQ | l’_‘L (sense) and 5'

TCACTTCTCCY(H M A Ned EnrichmEnt o mmmawfggampigg&m CeIIIZ% RERGh &L ed size
of band is 242 base pairs; (g) ACl33: 5 3" (SEQ 1D.

NO 13) 15 (sense) and 5' GGCCATCGRARTCIHSTCCTA 3' (SEQ I D. NO 14)

s S SRt B baltel SR aP B Y6
TGTGAA@GTQI%@A%F%&%%T%Q:%&&EQ dibddveRbd madd in I%@:&(‘Mitﬁ %Bﬁ-?ﬁlmaf[ he
predi cted size of band is 2 base pairs; . (i CGAGAAAATGT CAGA

3 (SEQ | §heckiOto huthan ftemresky hasrbderspai GRAGTLY i T@m@@g@m ingEQityl D. NO.

1.8) Agr%rcl;%_l senﬁeg | % %C%;}g%l cted %ﬁoxﬁéﬁt@%&%lll(s Sgg%igf%@aﬁe%& Tal | :

TCTCATTCTT (iﬁ@qa T, l.GLed size
of band |S§Gé13|;1 bas-elt_ghpcglurl(sc@ﬁQe Ma m% é)%d,&(((ﬁ(%h% a&acﬁféfgng'gﬂe?gEQ | D.

NO. 21) (smwsex)toamilsSof GigsotagaGtcesiiemaiCad’ GC(OSE@all tﬁled\s@ 112 2yjitro
(anti sense),. redicted size of han alr 30 WO 03/ 087296
beT | L8 OB tahoE AR d SRS PRBRES el dinéh AL ogeni ¢

Progeni t or m%hélﬁeﬁ omsb!gaﬁaaatlo%t %ﬁa k! & Hasmbie %Q%tlﬁﬁ%ﬁ%@éfﬂi‘ #dvil-gpor t ance
of human stem cel | iechno logy f

tissue organization (see, for example Thompson, et al. Curr Top Dev Biol 1998;
38:133-165). In pursuing the isolation of vasculogenic progenitor cell from human
embryonic stem cells, initial human ES mesodermal differentiation was attempted in
15 a novel two dimensional (2D) rather than the three dimensional (3D) model
commonly used in the art, based upon the observation that the 3D embryoid body
structure is not required for mouse stem cell mesodermal differentiation (Nishikawa

S-1., et al., Development 1998; 125: 1747).
Undifferentiated human e mbryonic stem cell line H9.2 and H 13 cells were
20  grown as previously described (Amit M et al. Dev Biol 2000;227:271-78), removed
from feeder layer and plated as single cells on type IV collagen coated dishes with
differentiation medium as had been described for mouse CCE-ES cells (Yamashita J,
et al. Nature 2000; 408:92). Previous experience with murine stem cells indicated
that specific cell seeding concentration is crucial for induction endothelial
25  differentiation. However, seeding human ES cells in the recommended cell
concentration (1X10* cells/cm?) resulted in cell death. Therefore, several cell-seeding
concentrations were investigated. Seeding the cells at higher concentrations on a
variety of attachment substrates (1.0 —1.5 X10° cells/cm?) resulted in an inconsistent
mixed population of undifferentiated and differentiating cells (data not showed).
30  Surprisingly, seeding cells at low concentration (5- 10 X10* cells/cm?) on type IV
collagen substrate promoted differentiation that resulted in two distinct populations

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



5 research and nedici ne, application of discoveries made in research with
non- human species to hunman stemcells has been painstakingly difficult,
requi ri ngwgresas72egenuity and nuch effort. Wiile murine eaIryemos2st em
cell (nES) lines, for exanple, retain their pluripotency in culture, and

may be predictably mani pulated to diff4 rentiate in vitro into cells of

mesoder nal doder nal and, ect oder.mal Tineage, .in vitro .10 differentiation
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cel | deat handTheal gfedr enmeelegied]lyc fir| the espiesggon ©f ioeminr aiscolas endstRelial

i nvestigated. Seeding the cells at _higher concentrations on a__varjety of

at t achment cnsigiheliplgegeptor12 VEGFR2 KRR ) e and wasewpy endathpliabgadhgrin YE-gadonsi st ent

m xed po i f i i . i ff iatl a not
honed) .- S AR to W A RRELLEHRE RO ordBlHE ok Aol Bl dagih 101
cel | s/ esR) (NishikampeSIYet dQDeaglopmsulDOBAEXS: p74mpt ed di fferentiation that

resulted in two distinct populations , of cell types (Figure 1B). A
signi ficant proygbBeipesisdlys Whae theeppression ofthess radkers iia dbe o P28 6

e i ek T
r ecogni zedproportidh iofi ¢heCsphdlker, (eYidothsllilike Lelletver! foulhiougxpresd G0cadd08%92) ,
while the Ir:'iegurrr%i lnéj)ea{ndmfgrgallle?rp%%ignl g;[precsgclzdl \S/EVGMFth (%232, %lijgurfe ill(DZr).Ol\J)shen the
20 smaller, filtrated cells were plated for 12 hours, fixed and analyzed for
immunomorphology with fluorescent anti VE-cad antibody (Figures 1D-E),
signiﬁcantly greater expression of VE-cad was detected (90.55+5.20%), most likely
due to the low fluorescent intensity observed when VE-cad is expressed at the cell-
to-cell junctions (Figure 1E). Trials of a variety of cell-seeding densities indicated
25 optimal VE-cad expression at 5 X10* cells/cm?.

When further characterized by RT-PCR amplification of RNA, the
endothelial-like cells were found to actively express the endothelial markers CD31
and Tie2; AC133/CD133, GATA2 and Tall, early endothelial/hematopoeitic
progenitor cell markers (Peichev, M et al., Blood 2000; 95:952 and Kaufman DS et

30 al. PNAS 2001; 98:10716) (Figure 1F, Filtrated). @ RT-PCR of RNA from
undifferentiated human stem cells (Figure 1F, hES) d emonstrated no CD31, Tie2,

Tall or GATAZ2 expression, and only minimal expression of AC133. Note that the



structure (Figure 1B, arrowheads). 5 In order to separate the two cell
popul ations, and isolate the smaller, human vascul ogenic cell progenitors,
t he cel | swoaspsfwét ered through a 40 m strainer, segregaPCrgLOI®320
endothelial-like cells fromthe large flat cells. To evaluate the
proportion of endotheli al progenltors |n the cultures, the filtered cel
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expr esal orls b aERy ffkeLRITH wifol BEHRhAMha R AR THC,
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express the endothellal mar kers. CD31 and Tie2; ACL133/CD133, GATA2 and
Tall, ear |f;¢ leprsiaviens AFienendHypiodicating ther sppetict eatuteed] thesshanges iy pell chev, M

et aI , %ﬂtﬁgggyhz?ﬁggéi%‘ Kauf man DS et 30 al . PNAS 2001; 98: 10716)

(Figure I of RNA from wundifferentiated human stemc

ells (B gur e 1FRwhbn g tdemnspdpanﬁdnm@riﬁﬂglfrorﬁ 1tB@ low-Rhdityo see®EAdnd
expression, and only m ni nal gre55|on of AC1l33. Note that the WO
03/ 087296 @@‘Fﬂnwﬁh@m@tmselﬂ% hERS wereassessed fer llppnlifaating %‘P@’lllﬁ’e nti cal

for both ttﬂ }3{8@4 {] I;D%&ttlo LS ﬁwealgd }ﬁa? ﬁ@%ﬂnﬁ&e?gdc%ulud%ﬁpl%g%t:Jn?cﬂﬁh (Figure

i F), |nd|ca ing t peci
muscle-like cells are unable to proliferate (Figure 11, arrow) while the smaller,

endothelial-like progenitor cells clearly incorporate the stain, indicating retention of
20 proliferative ability (Figure 1I). Taken together, these results indicate that human
stem cells, seeded as single cells and not as Embryoid Bodies, and cultured in vitro
on a cell-free, two-dimensional matrix, can give rise to proliferating, endothelial-like
progenitor cells, which can be separated by filtration from smooth muscle-like
precursors.
25
EXAMPLE 2
In Vitro Induction of Endothelial, Smooth Muscle and Hematopoietic Cell
Differentiation of Human Vasculogenic Progenitor Cells
In order to study the differentiation potential of the vasculogenic progenitor
30 cells, cells were recultured on type IV collagen coated dishes, at a lower cell seeding
concentration (2.5X10* cells/cm?). Smooth muscle cell differentiation was induced

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



change in cell phenotype with differentiation. |mmunofl|uorescent staining
of the larger, excluded cells (Figure 1 G revealed 5 the existence of
epi t hel i owo oplognet ype snooth nmuscle cell features (revi ewedTh03/00320

G ttenberger-de G oot A C, et al. PNAS 2000; 97:11307) and narkers (aSwVRh)
undetected in the smaller, filtered ce | s. When further characterized by
RT-PCR anpl.ification,.of RR the | arger | uded cel.ls were found to
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actin ( SMYGitafsrsMdd 0GINMIE A B suae NS RR0a7EdD7). R ARQCR-92fda@Vf rom the
smal l er, endothelial-like <cells denonstrated no expression of any of the
epi t hel i odewlird bothrskimdls-1ik= shapes ard, epithelioid pherbtypeNstle wenatietedted imthensi ti es
of the GAPDH bands are i dentical., for POE'h the cell popul ations (Fjgure
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for cell pswhidsemauadtiomusealeabadtin (SMA)hen®rthl thusaleomposiatheavy assaySMeveal ed
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proliferative ability (Figure 11). Taken together, these results 1hdicate t
hat human Insmemofbwird¢ssent sdetebtidnasf Hienlrearc emosthamaselot cells miarker ypootdinBodi es,
and cul tur i ltro, on a cell-free, twy-dinensignal trix, can give
rise t& pr&%M‘gr Kiguie, 280 noEting o FRIKET Op e ErTonin GBI, dSIBReEan be
separat ed pPyfd 3¢ Glimld FRISMAA dm%k@ﬂg}lk@m EifitnS QS capaciy IRIVPLE 2
In Vitro I nduction of Endo{éﬁélial, Snoot h sclegnd Herratof)aietic Cel |

Di f f er ent i itrtheninofitrbidiffamentasion b remae vidcolgpgenit progEaitdrelln by exignsutedost udy
the di ffer%'@ﬂtéﬁn potential of the vascul ogenic progenitor 30 cells,
cells were "t'ered on type IV collagen coated dishes, at a | ower cell
seedi ng concenig AfeiOthe( PoREAA4 of &litrérehiBtion SR RhfotAMA! &1f8lh
differentiati on was ingug)g% %yoagiéf nsﬁt;q)?tgtne et-de?liﬂved gr’owt% hpglg?or BB

( hPDGF18B) yasehliogénit asogesiter Eedisnwert eexjped 36 MSTERGE, PEShnd 63b0RERAent4#d | nduce

SMC differentiation ipn nmurin ,..but not human. stemcells
murine, but not human engoﬂgeq;%?)cell ti)nductlon (Yamashita J, et al. Nature 2000;

408:92). This manipulation resulted in the induction of endothelial cell-specific
markers: continuous expression of VE-cad and the appearance of von Willebrand
Factor (vWF) stored in W eibel-Palade b odies, as d etected by i mmunofluorescence
20  (Figures 2F and 2G, respectively), Dill-Ac-LDL 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 hPDGF-BB or
hVEGF s, did not induce a lineage-specific commitment, i.c.: both endothelial and
smooth muscle cell types were observed with administration of each of the growth
25  factors. Furthermore, BrdU incorporation into the differentiated cells indicated
preservation of proliferative capability in the vascular endothelium growth-factor
(VEGF) treated cells (Figure 2I), and specifically those cells of the smaller
morphology, while cells treated with hPDGF-BB exhibited impaired proliferation
ability (Figure 2J). Hematopoietic capability of the isolated progenitor cells was also
30  demonstrated. When the VE-cad-expressing population of filtrated, vasculogenic
progenitor cells was cultured in a semisolid medium with cytokines, CFUs indicating

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



(G ttenberger-de G oot A Cet al. PNAS 2000;97:11307). After 10-12 days of
culture both spindle-like shaped and epithelioid phenotype cells were

det ect ed wo oBh&r29cul ture, along with a concom tant i nduct iPOm/IDI3/@IPr €SSi ON
smoot h nmuscle cell 5 markers. RT-PCR anal ysis detected upregul ati on of
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Figure 2D and Cal ponin Figure 2E) confirns the capacity for further in
vitro differentiation of human vascul ogenic progenitor cells by exposure to
hPDG--BB. To test the potential of EX4pMREEBti ation to endothelial cells,

the human 15 vascul ogenic progenitor cells were exposed to hVEGF165, found
to be efficient ikrvitraVpscalogsuesiswend Rlogd Celdtrstegiondy B |Cellsduct i on
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of VE-cad aﬂﬂ%hﬁﬁn@aﬁe@roammtemaéhml dnthyad Bodieaseorfof ¥\dmplgFerad | N W
ei bel - Pal ade odi es, as detected by i nmunofl uorescence 20 (Figures 2F and
2G respecPi ¢ta@lylab Bivesti;@00BB1:uH0IkE)i howeyies cffarts te cauilate vasulngeric 2H) and

fiber. in s | i 21).
o oni 1 18 angiobtsSEY BaRRe PARE TR hhcBA: HPb e Fletde Witk nfesrtFoner o
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endot helial and snooth nuscle cell types were observed with adm nistration
of each of (BHD epllswehusel twacdidiesent By dirpensianak modelutyipedotobleget gdrenidnt o t he

differenti d cell.s.indicated  preservation roli.ferative capability in
the vascul g#a?ré%e ot“ﬂléﬁhi m%v%roﬁphp eéict%%rpro %Gﬁjtfeggﬁlgl(g(ecgqrpgg?rﬁ e 21),
and speci f bgihaial fgseMeRdil A ahd Phe BRRIB.SIT COmpB1a988Y106MB75e KeiBbtaS
treated with hPDGF- BB exhi bited inpaired proliferation ability (Figure

2J). Hewat SbiabdiCelldiphA38ik07:198%-he i sol ated progenitor cells was al so 30
Vascul ogeni o piiegefis o B ESHREE i e BRBRE oL BV mad REBEE:RR ¢
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observed. Thus, differentiation of 03/ 087296 PCT/1L03/00320 8
3A) or on Matrigel (Figure 3B) clearly induces sprouting and tube-like structures
associated with early vasculogenesis and vascularization of both the collagen and

20  Matrigel substrate. Histological sections demonstrate penetration of the endothelial
cells into the Matrigel, forming a tube-like network structure characteristic of
vascular formation (Figure 3C). Surprisingly, and of great importance, observation
under higher magnification reveals blood cells within these in-vitro cultivated vessels
(Figure 3D, arrow). Electron microscopy further reveals well-formed e ndothelial-

25  specific Weibel-Palade bodies (WP) in the cell cytoplasm, lipoprotein capsules (L1),
endothelial cells forming a lumen (Lu) in the cords and hematopoietic (BC)
development within the vessels formed by endothelial cells (EC) within the Matrigel
(M) (Figures 3E-3G). These results demonstrate, for the first time, isolated human
vasculogenic progenitor cells having the capacity to differentiate into functional

30  endothelial cells with lipoprotein metabolism, factor VIII (vWF) production, blood

cells, and all components of vascular structures in vitro, under defined conditions.



i sol ated human vascul ogenic progenitor cells may be further induced, and
controlled, by specific growh factors in vitro, in a cell-free nedium
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i sol ated human vascul ogenfc progenifor cells having the capacity to
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PCT/ 1103/ ngﬁgxgﬁcﬁ%n%hgio% of the vascular wall structure reveals flat, elongated

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.

EXAMPLE 5
25  Human Vasculogenic Progenitor Cell Differentiation as a Model for Angiogenesis
Recent studies have demonstrated that some murine embryonic stem cell
(mES) systems are capable of reproducing key events and chronology of the
angiogenic process, providing a potentially useful tool with which to investigate
mechanisms of angiogenesis (Feraud, O et al. Lab. Invest. 2001;81: 1669). Of
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,



3 Dinensional Scaffold Vascul arization In vitro vascul ari zati on of

engi neered tissues is a critical aspect of regenerative nedicine, crucial
for the maorBesmaee of cultured tissue viability before Pcantdozafosmr

i npl ant ati on. Large-dianeter vascul ar structures, suitable for

i npl antation, require a supporting fr work, e.g. scaffold, for efficient
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provides a model for studying and assessing vascular-related effectors and therapies.

EXAMPLE 6
Enrichment of Vasculogenic Progenitors
Experiments conducted with hES cells seeded at the cell concentrations
taught by Yamashita et al. (Yamashita J, et al. Nature 2000;408: pages 92-96)
20  resulted in cell death (data not shown). As such, several 2D differentiation
experiments e mploying different c ell seeding concentrations on gelatin, laminin or
type IV collagen coated dishes were devised and conducted.
Materials and Methods
Non-differentiating hES cells (H9.2 passages 29+36-29+60; H13 passages
25 31-57; 16 passages 35-50) were grown on an inactivated mouse e mbryonic feeder
layer (MEF). All experiments were preformed using lines H9.2 and H13, while
progenitor enrichment and characterization experiments were also effected using the
I6 line. hES cells were split using type IV collagenase, resulting in small aggregates.

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



To investigate whether directed, in-vitro vascul ar devel opnent from
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The celd s weiLard I\elahﬁ@fo\/plllbélteg(ﬂﬂbﬂ:)ﬁéch &elIRBSs platedih arwat epla 06 el Wty / V)
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(Falcon) to,fagh! chat Sl TW&" SRLARY ' QmEleddis® 3B FAT AR Aubistence
microscopy) to verify the number of cells plated. Mechanical single cell isolation was
used rather than F ACS, since single hES cell do not typically survive the FACS
20  sorting procedure (data not shown). Following one week of culturing rescued single
cells, single cell colonies could be observed. At one month post culturing, each
colony was digested with type IV collagenase and transferred into a well of a 24 well
plate (type IV collagen). Confluent cultures were digested and used either for
continuous culturing or in Inmunophenotype analysis.
25 Results
isolation and characterization of endothelial and SMC progenitors
The present research approach (Figure 1A) relied upon findings that a 3D
embryoid body structure is not required for the differentiation of lateral mesoderm
cells (Yamashita J, et al. Nature 2000;408: 92-96.).
30 However, attempts to use the cell concentration suggested by Yamashita et al.
(1X10%-1.5X10° cells/cm?®) resulted in a mixed population which includes both
undifferentiated colonies and multiple cell types differentiated therefrom (Figure 6B).
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PCR analysis which was performed on both cell fractions indicated that the

endothelial-like cell fraction did not express any v-SMCs markers.
Immunophenotype analysis of the endothelial-like cell fraction showed upregulation

20  of the CD34 (174£3%; n=3), Tall (75£8%; n=3) and Gata2 (42+10%; n=3) proteins
(Figure 6E) which were previously implicated as early endothelial/hematopoietic
progenitor cell markers (Kaufman DS et al. Proc Natl Acad Sci U S A
2001;98:10716-10721; Peichev M, et al. Blood 2000;95:952-958; Robertson SM, et
al. Development 2000;127: 2447-2459).

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 found

30 in dividing cells. This experiment uncovered that 66+2%(n=3) of the recultured

endothelial-like cells expressed Ki67 (Figure 6Fiii) while inactivated mouse
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capab?l ﬁay Fagrgéjg%t\ﬁgﬂl&?rie) ?EeéStcﬁﬁs POE7ssunqath Buselg & Jating SMAWFigsse ed f or

the expression Ofhelip&fic AIMEL SAHANLIACE, LANOH Al nibbh dihd, Goli s, Thi's
|

experinment uncovered that 662% n=3) of the reculture ke
cel | s expr dSYEMHCE M2, gud ealdsnicn) wetidl® dxpasiddiat tcscarls as MWR:A3d BB 7296

Egr/ ls,lt‘g?/nolﬁgf%gi’ égﬁ?%%{(g% Bb?r O'Pllle%g trgéult\é\k]illlgirgatzetlil\e/e;?ot?nstia? o%otg; rc?:lllé ard

isolated herein to differentiate into an SMC phenotype.

20 Clonal Analysis

Single VE-cad” cells generated from hES cells were examined in order to

determine whether these cells contain common progenitors for endothelial and mural
cells. Single VE-cad” cells isolated from an enriched vasculogenic population were
recultured on a type IV collagen-coated 96 well plate. One hour following plating,

25 each well was visually examined (by both light and fluorescence) to verify the
number of cells plated. In order to study their differentiation capability, single cells
were cultured in differentiation medium supplemented with hVEGF, or with hPDGF-
BB. Single cell colonies could be observed following 8 days of culturing under
either culture conditions (Figure 8Ai). Plating efficiency was at 8%, lower than that

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).



shown). Lineage differentiation Studying the differentiation potential of
the enriched progenitor fraction 5 required reculturing on type IV

col | agen woaBes2gé shes, at | ower cell seeding concentr atiPem/I(@/@X004
cells/cnm). The potential of such cells to continuously differentiate into
endot helial cells was tested in the presence of hVEGF165, a well- known

it f d |1s. Th f, thi 1. t i nd dth
Uptake. of bi1-CarBMPirer Sippiemenia BE Y Ao pRrBrIRIY e ClERGRE 7a) and

product i OnerbthbRalvadm Mbighaky; rmh@f es &%), Wik P@t}mﬁ suPpl¥fichel -RRtuge bodi es

(Figure 7B). To induce v- S rentiation, a known "recruitnment factor'
for peri cypredominphtit mcwedepmdbdlkegreﬂmwemm@w PECs RBigRreBB) iiiNeEhase i | i zed,

this fact ffect f t S t
SNC1 | neagBEHRE efs Fbregred, SA dod ialp o3 dFigdis "8Ity B8 FEGFAg 10~ 12
days ofs cUulupplehiddtel Rulthet Gt o§ ﬂieré@ilﬁwéﬂeléﬁmﬁgﬂeh%d]@ @W@‘%ﬁé@lﬂztlbﬂ ahdg

culture. These cells expressed smooth nuscle a acti'n (SMA) (Figure 70).
O her specPiliAc-LDBEMDsetateiisnr sFiguoh &m) sriinast hindioatoige awcmdnthhheaslvyel(t hai n

SM MHC M2, | d | d. by th | 1
Foveal od BTRDBAREGRRTYE 8 VEG e lrE) s SRS RLL febr ARG st ihe
potential gfa EQFc&ﬁJnlltﬁlen{ fRRlRlgHa e TRE PDGE- ﬂstB 18REhRl %ulnﬂgg)%n@

phenot ype. 20 C onal Analysis Single VE-cad+ ce s generate ES cells
wer e exam eelld ekpressingev-SMC magkees mdrellswlessifeed ash¥Eecadetbdlls. cont ai n conmon
progenitors for endothelial and mural cells. Single VE-cad+ cells isolated
from al enriched vascul ogeni ¢ popul ation were recultured on a type N

col | agen- coat edy; 96, Mkédiatbh ?ﬁa@ coltllf fOREs Bf){ﬂeq}%tﬂﬁsoﬂl @;hicﬁghr {Elgﬁ wel | was

vi sual |y exami ned (by both Iight and fluorescence) to verl hunber of
cel | s pl atdmicniied or dbe ctomtact ualy s¢paeite atitfodenens,i aiayomls@atpeal;iré\iiﬁe;d, isi ngl e

cells were Ituredln f ntlatlonrremmsuplemented w th hVEGF, or
with hPDGF© at@f’da@eﬂ%?g m@B&H}%s Consrss %éaﬁwe@e@EFSfWh%mVﬁ@l%days of

cul turing w@@ﬂrm sﬁ}@\vlﬂg%&c%@d ﬁpm@'cb leof({élﬂ%%%n%hﬂnenﬂ(x@&; n@g%syl ci ency

was at 8% lower than that 30 reported for t system

al . Nataur eprdided &paratdP oBh) anyisndabd@sibogmbinhtodi f fi cul ty of cul turing SI ngI e
hES cells (Amt et al, Dev Biol. 2000;227:271-278). WD 03/087296
PCT/1L03/00320 54 Cell cultures supplenented with VEGF predom nantly

included cells RAY{MA the invention has been described in conjunction with specific
embodiments thereof, it is evident that many alternatives, modifications and

variations will be apparent to those skilled in the art. Accordingly, it is intended to

20  embrace all such alternatives, modifications and variations that fall within the spirit

and broad scope of the appended claims.  All publications, patents, and patent

applications mentioned in this specification are herein incorporated in their entirety

by reference into the specification, to the same extent as if each individual

publication, patent, or patent application was specifically and individually indicated

25 to be incorporated herein by reference. In addition, citation or identification of any
reference in this application shall not be construed as an admission that such

reference is available as prior art to the present invention.



endot helial cell norphology (Figure 8 Aii), while PDG-- BB-suppl enent ed

cultures predom nantly included spindle-like cells resenbling v-SMCs

(Fi gure 8wioasjs729hese spindle-like cells expressed SVA ardTaabp@azn

(Figures 8Bi-ii). In the VEGF 5 supplenmented cultures, nost of the cells

were characterized by vVWF production agad a Dil-Ac-LDL nmetabolism (Figure

8G1i1), thysghrdscatAmgeBisendothelial cell phenotype. The exposure of

VE-cad+ cells to a specific gromh factor did not result in total cell

commtnment to one |ineage. The PDGF- BB suppl enented cul tures included

cell s expressi nq v-S markﬁrs and cells classified as VE-cad+t cells. 10 It
t

is appreciated fihat cermghds &ft ERATHE (VRASFUHQRSBIS | FREETMOF c relly efrompy
clarity, qﬁc‘fi?fe%%lﬁgte{i@St&ﬁs,(iﬁé‘h@fhfod%m f8agat e enbodi nents, may al so be
co

provi ded in Ination 1n a single enbodiment. Conversely, various

f eat ures of the(a)nventitoing individuhl endifferentiatédt ESicells inde smnindresitabie tibre
context of a single enpodinent, may als e 1 rovi ded parately or in
any suitabl e subconbit _lngnfl{}}ﬂr?rﬁ@ﬁ% ?ﬁég? nVéﬁ%fFrBHt_lﬁﬁ‘g b gn CG&C‘P %ed in
conjunction wth speghil,f eﬁg?g%eﬁﬁ&_t&lléﬁﬁérﬁ%f (lbbthihidg% rﬁiﬂeQ?%ulﬁﬁ'&H ofTRNY

alternatives, nodifications variations W ll be apparent to those
skilled in the art. Relkpand ngly, it is intended to 20 enbrace all such
alternatives, nodifications and variations that fall within the_ spirit and

broad scope of {Me applatagaells smatler than 50y fromasaidmixed pepulation ofgdispat ent
applications nentioned,in,thi il I re herein i r ated in
their entirety by réﬁlglg @%\scsgla?lﬁfglgﬁﬁé “%‘3%%%1 Y%gﬁog%r{lgk)g)gg ﬂ%&scgﬁr% extent as
if each individual publication, patent, or patent application was
specifically and individually indicated 25 to be incorporated herein by

reference. In additi die msthost oforlaisr 1, whereinfstepata) eneléctedny subjdctingteee i n
this application shall_no e construed as an, adm ssion that such

ref erence iugalgf%éqrﬂ%lﬁ%p@%%eﬁlﬁ?? gl ?fm? ‘6ontd§?|téonpstse Eggeﬁlf?‘i“h\?&ﬁ?‘lpo‘f%“_s\?%’%%f/ 087296
PCT/ 1 LO3/ 0@38idingdRgrdtfdidn lof K- AbM-[3rdwoth dn cOllERhheel] @beddi@REAdcfation

vascul ogeni ¢ progeni tor cells from undifferentiated ES cells, the nethod
conpr i si ngbe(vegen @X10uandpX1h ¢eld/cuaand prasenéeefehifergnaaiioBSneditins i n a nanner
suitable for inducing differentiation of the undifferentiated ES cells
into vascul ogenic progenitor cells, thereby obtaining a m xed popul ati on

of 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

having a pore size smaller than 50 um.

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 cells, the method comprising:

(a) culturing individual undifferentiated ES cells in a manner suitable for

inducing differentiation of the undifferentiated ES cells into

vasculogenic progenitor cells thereby obtaining a mixed population of

cells; and



cells; and (b) isolating cells smaller than 50 pmfrom said m xed

popul ation of cells, said cells smaller than 50 m bei ng vascul ogeni c
progeni t owoamalodr96 2. The net hod of claim 1, wherein step eaiLe/@Birect ed by
subjecting the wundifferentiated ES cells to at |east one condition
selected froma group con5| sting of goi di ng aggr egati on of ES cells,

growm h on coll I di.n tra . een 2 1X105
cel I's/cn2 and E&Zsedé"g ?‘Ff‘%‘%%ﬁ?‘f“és h:g fr%‘toﬂc? Ssclaim 1,
wherein said cells ssamldeﬂg ldr?éﬁhaﬁpsomlﬁ'b&ngleﬁﬂﬁﬁiaﬁgr Fhﬁt&r'c@f]i ation,

nor phonmetry and/ or densitonmetry. 4. The nethod of claim3, wherein said

filtration is effected via a filter having a pore size smaller than 50 m

5. The nethod o ere n s | undi f f rent ells —are hunman
ES cells. 6. A tho %‘\f’gﬁ& Frat pigp erﬁﬁ tf:g,bycsg JF%t"fngBFn

undi f f er enﬁmﬂffeemfa&dces Lzeus tUh‘?léﬁ@tt daecéoﬁmsﬁ sabaed fr6ﬁ‘1)a %«shf) UbhdiGingRag vi dual

undifferentiated ES cells in a manner suitable for uci ng
di f f er ent i amoiding eggregationnoi Efecadlss gromdhl oEScadlekers et sﬁedmgsmmbcrgmltibn

progenitor._cells ar e § ain a,m xed ati.o cells; and WO
03/ 087296 BETFFL ibo %qu Ce(“B% “??B?Bﬁeﬁ?{’deggﬁ tﬁrﬁf’éﬂﬁ{j]%‘?mteﬂalﬁl 50 m from sdid
m xed popul ation of cells, said cells |arger than 50 m being epithelial

progenitor cells. 7. The nethod of claim®6, wherein step (a) is effected by
subj ecting the 8 undiTlieemﬂtoidaobdlaES G eVhaein saat célsakrgarrtba SAdjuni ara

selected fro u con5| avoi di ng,_aggregation of ES cells,
growth on ¥8F qaé’gﬁtf&ﬂwm& 3‘7 W@éﬁ?qs P’ing'ﬁy bet ween 2X104 and 1X105
cells/cn2 and presence of differentiation medium 8. The nmethod of claim®6,

wherein said cells larger than 50 mare isolated by filtration,
mor phonet ry and?.or dEresintihodtof glairf.8, Wheremesaid tiobition bai fittr8tiondseffected sai d

isolation b let ation is effﬁ%hed v% a filter having a pore size
smal | er t h¥%A 28BteRDavViRg 2 BerS sHESHBYCONaR PO 6 wherei n said undifferenti at ed
ES cells are human ES cells.

10. The method of claim 6, wherein said undifferentiated ES cells are

human ES cells.

11. A method of preparing somatic cells from a population of
vasculogenic progenitor cells, the method comprising:
(a) obtaining a population of vasculogenic progenitor cells; and
(b)  culturing the population of vasculogenic progenitor cells in the
presence o f at 1east one growth factor suitable for i nducing s omatic

cell differentiation, thereby preparing the somatic cells.

12. The method of claim 11, wherein step (a) is effected by:

(a) 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 populatien of
cells; and

(b)  1solating cells smaller than 50 um from said mixed population of cells,

said cells smaller than 50 pm being vasculogenic progenitor cells.



11. A nmethod of preparing somatic cells froma popul ati on of vascul ogenic
progenitor cells, the nethod conprising: (a) obtaining a popul ati on of
vascul ogewDaspsngeni tor cells; and (b) culturing the populpatriines/@B20

vascul ogenic progenitor cells in the presence of at |east one growh
factor suitable for inducing somati cd’g_éqel | differentiation, thereby

preparing the sgmati.c cells T t hod, of, claim 1 erejn step (a)
is effected by:l%( a) ¢l Wﬁl‘?%agéﬁ‘éﬁ gf’ _relﬁﬁ[f?f(f‘)e‘rséﬁfg]f’tﬁ%@?j\g%@e‘if’éﬁg!tgei n a
manner suijafifGedifed ERNLGING & fchQr ST b&diGoh Bbinkh&1dnd FhT Q;%rbgﬁ ed ES
cells into vascul ogenic progenitor cells thereby obtaining a nixed

popul at i orcoonfistigge bf syoidmg dgEregatioh af iEf) celdd, | gowthabh eollagemn cBlD seedingm sai d
m xed popul ation _.of cells, aid.c g small er than 50 ei.ng vascul ogenic
pr ogeni t orcOREFIRLOMBEREER %Bé’r‘/%%{(bscﬁ §30 ané?relsgl.lcel'ﬂn%ea FAHGUR cl ai m
12, whereip.gl@p (a) is effected by subjecting the wundifferentiated ES
cells to at |east one condition being selected froma group consisting of
avoi di ng aggregation of ES cells, growh on collagen, cell seeding

concentrati on betwe 2X104 .and, 1X105 cel l.s/ c. nd esence of
i fTorenti ati oni 2 noalisAeibad OHflrictin Eheetin Sl GAIE ZHRG RBN 0g8n el | s
smaller t Naslaref pfiision] #RHALARIY ¥ndit 44rlibEry.mOr PhonEL 1y and/ or

densitonetry. 15 claim 14, erein said isolation by
filtration is effected via a filter having a pore size smaller than 50 m

16. The method o f c_laim1], erein s aid uyndifferentiated ES c ells are
human ES cel|s.1317. m}?emg%?@l]%c@mH’é’fl}ﬁ?lli,salahﬁﬂlﬂoﬁbé’é%@a%‘?w e¢tedtor is
sel ected f; ISt cul ar endothelial growth factor
(VEGF), an‘g?g]g(l)t%}e]ft?%vgﬁé)% %Iggg%Sﬁltgitléellggg%oel ived growth factor (PDGF), ephrin

(Eph), fibroblast gromth factor (FGF), tunor growth factor (TGF),

pl acental growth factor (P1GF), tunpor growh  factor (TG- cyt oki nes,
eryt hropoi et i n, 1& hr oh#sgpsthediod ¢ l%l’inaln]sf‘gli‘erri“ﬁ,s ajdengiffprenyatednEsad qlls aggct or
(SCF), Ga}ﬂhﬂﬂ?@g g fe0!l ony-stimulating factor (G CSF) and G anul ocyt e-
macr ophage col ony stinulating factor (GwW CSF).

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 (P1GF), tumor growth
factor (TGF), cytokines, erythropoietin, thrombopoietin, transferrin, insulin, stem cell
factor (SCF), Granulocyte colony-stimulating factor (G-CSF) and Granulocyte-
macrophage colony stimulating factor (GM-CSF).

18. A method of preparing vascular tissue, the method comprising:

(a) obtaining a population of vasculogenic progenitor cells; and

(b) culturing said 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.

19.  The method of claim 18, wherein step (a) is effected by:
(a) culturing individual undifferentiated ES cells in a manner suitable for

inducing differentiation of the undifferentiated ES cells into



18. A method of preparing vascular tissue, the nethod conprising: (a)
obt ai ni ng a popul ati on of vascul ogenic progenitor cells; and (b) culturing
sai d popuwetodosr2ed vascul ogeni c progenitor cells in the pcegeoso@3mf at

| east one vascul ogeni ¢ and/ or angi ogenic growth factor, under conditions
suitabl e for inducing vascul ar ti ssue gl ffer entiation. 19. The nethod of
claim 18, wherein ste 33 11{1% . S ﬁO cfg é ébculltlurl ng_J ndi |t1dualf

undi fferentiated ES C¢&ff'$ ?nhc%roﬁﬁrﬁ Y re? Y QO@HY g?HH Pl%]ma ono
differentiation of thgisundi fferentiated ES cells into WO 03/ 087296

PCT/ 1 L03/ 00320 58 vascul ogeni c progenitor cells thereby obtaining a nixed
popul ation of @®?l | sisolating qebly smaberahamp pel fram sadnized popuatBm afictliom sai d
m xed popul ation of 50 m bei ng, vascul ogeni c
progenitor cells. dﬁ?@s ﬁ%‘?ﬁ%ﬂh %dcllué} ﬁ*nfgasﬁ%%egicrprggeé’bmf& I s effected
by subjecting the und| fferentiated ES cells to at | east one condition

being selected froma group consisting of avoiding aggregation of ES
cell's, growth o?0.col Thgmathod ef clagaddi whereinctepe(al isaatfetedthatsnbientiibe4 and

1X105 cel | fodifs t 1. Th thod of
ciaim 10, GHGREeR s ¢ B R test SpR arnEloRbeiE SIS AR By BePP r i on,
nor phomet r ¥ordReh rofclﬁﬁﬁilﬁgm'g%rég/atloﬁzof B eelBt fodttPlonCdoMaperd loelVREBEN sai d

i sol ation by f|| ration is fected via a fi Iter havi ng a pore size

smal | er t hegnes@ration Agtwame2 Xtd houl bX10°ccdlisiom’2@d mbesnet of slifférentiation
undlfferentlgied ES c ells are human ES cells. 24. The nethod of claim18,
wher ei n sal®™§®M8bul ati on of vascul ogenic progenitor cells is cultured in a
sem -solid, vascularization-pronnting medi um 25. The nethod of claim 18,
wherein said popul ati on of vascul ogenic progenitor is cultured on a

3-di mensi onal s2hf f oTbe n2éodTdfeclaot fh%,deéreiol idreed B, snvdiler ¢hiam ¥ hjioh are

vascul ogenl C,a 0 I C actor is.selected fromthe group
consi st i ng'S8fat %‘g’é'ct{} ratﬂcgbﬁg’&qmqt SAERSIPIENYr  (VEGF), a ngi opoi etin
(Ang), platelet derived growth fact or (PDGF), ephrin (Eph), fibroblast

grow h factor (FGF), tunor growth factor (TGF) and placental growth
22.  The method of claim 21, wherein said isolation by filtration is effected

via a filter having a pore size smaller than 50 pm.

23, The m ethod ofclaim 19, wherein s aid undifferentiated ES cells are

human ES cells.

24.  The method of claim 18, wherein said population of vasculogenic

progenitor cells is cultured in a semi-solid, vascularization-promoting medium.

25.  The method of claim 18, wherein said population of vasculogenic

progenitor is cultured on a 3-dimensional scaffold.

26.  The method of claim 18, wherein said vasculogenic and/or angiogenic
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) and placental growth
factor (PIGF).



factor (P1GF). WO 03/087296 PCT/1L03/00320 59 27. A nethod of determ ning
an effect of a factor on vascular devel opnent, growth and/or nodification,
t he net howomsngmndei ng: (a) obtaining a popul ati on of vasc®Cogrees/m®320
progenitor cells; (b) exposing said popul ati on of vascul ogeni c progenitor
cells to the factor; and (c) determ'rg' ng an effect of the factor on said

popul ati on of vascul ggeni.c . proogenitor cells t here det erm ne, t he
ef fect thereof ‘On va cmeél?(’d d’é\?gFtSBngg. 358.eﬂ%‘?|[e oma?hg%to&f g éﬁlsr%u]f‘?,

wher ei N st @velopinch ghfvith ah&dr Rivdificatior W Hétho@comphisihgual undi fferenti ated
ES cells in a manner suitable for 1inducing differentiation of the

undi f f erent i at e@) ES adtiningianopulatias efivasgdpgaugpprogenitorsellsel | s t her eby
obtaining a mx popul ation.of cel.ls; .and (k) i.sql ati cells smaller
than 50 m f rom@ i d %‘ipf?élagp%‘b‘gIngPPlBhorbefc‘éqsfél?%ené%ipcﬁo%eélﬂgg °§Irlﬁal%? etggt han 50
m bei ng vascul ogeni cpplopagai tor cells. 29. The nethod of claim28, wherein
step (a) is effected by subjecting the undifferentiated ES cells to at

| east one condifc) on ¢rtémyninglasctiedt dfithefagtogonspid popnlation ofiyasshlogerne di ng
aggregation of ES cells, .growh _on cqllagen,. cell seedin conceniration
batween 2x104 and 1eBeenir RS b ey, RaERnE B oFRF HhPEt FRPRGHI et i
30. The nethod of cl@wlopthenttherein said cells smaller than 50 mare

isolated by filtration, norphonmetry and/or densitonetry. 31. The nethod of
claim 30, wherein said isolation by filtration is effected via a filter

having a pore size snalle h 50 32.. The neth 0o.f c laim2 8,
wherern s aid uhdi f "r‘é‘ﬁ{hf’al"gg]a‘é%zgj‘@?ﬁr%‘né&l@ G ﬁ‘ftﬁ‘é{’%a |'s. WD 03/087296
PCT/ 1103/ 00320 (460 3@utufig in@iaasl @iftd@itmedES YORT 8l MmbhiRr k@eh®y fok s a
substance and/or " an environmental factor.

inducing differentiation of the undifferentiated ES cells into

vasculogenic prbgenitor cells thereby obtaining a mixed population of
cells; and
(b) isolating cells smaller than 50 pm from said mixed population of cells,

said cells smaller than 50 um being vasculogenic progenitor cells.

29.  The method of claim 28, wherein step (a) is effected by subjecting 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/cm® and presence of differentiation

medium.

30.  The method of claim 28, wherein said cells smaller than 50 pm are

1solated by filtration, morphometry and/or densitometry.

31. The method of claim 30, wherein said isolation by filtration is effected

via a filter having a pore size smaller than 50 pm.

32. The method o f ¢ laim 2 8, wherein s aid undifferentiated ES cells are

human ES cells.



34. The nethod of claim 27, wherein the factor is a putative angi ogenesis
and/ or vascul ogenesi s downregul ator, whereas the nmethod further conprising
cul t uri ngweais@seeul ati on of vascul ogeni ¢ progenitor cel |l candeyooszndi ti ons
suitable for pronoting angi ogenesis and/or vascul ogenesis prior to step
(b). 35. The nmethod of claim27, whergjn the factor is a putative

angi ogenesi s a,@d/OrTweaastgha%?@ﬁ%@mhF%fﬁe FotalH1CL §A%,NE FRLGY further
conprising cul t'uring popul ati‘on vascul ogeni ¢ progenﬁ? &i1s
under condinvirom@ehntalattong angi ogenesi s and/ or vascul ogenesis prior to step
(b). 36. Acell culture conprising a population of vascul ogeni c progenitor
cells being sustainable in a proliferative state for at |east 14 days and

romadocapart e g, I Hcrenby Bt LA bA M SERIE LR H £ puBRICLRSHREGE 0L |

hemat opoi etic cel'ls upon —exposur eas one

fromthe gmaup ¢eREIcEEARE @megﬁmtoar wienshet hel h&lthcﬁlr Qutherf @&hﬁx’imﬁ /EGR) ,
angi opoietin (Ang), platelet derived growth factor (PDGF), rin (Eph),

fi br obl astculong ﬁmﬂa@m}aum:@ﬁ)vascvlﬂmlc gmmnﬁoxf edls omderr@)iltlonp Isaxt@ﬂ@ al

growt h fac P GF) oki n thro opoi etin,
transferrltflrpro éé 1sa(?/b¥ ullg)gf("% OSR @T;

col ony- stlnulatlng factor (G CSF) and C?anulocyte nacrophage col ony
stinmulating factor (GWCSF). 37. The cell culture of claim 36, wherein said
popul ation of v%\ﬁsculB@eem@odpf elgbm i2¥ owherein| the fastar apapiiative argipgenssis ng at

| east one e enou Th e of cla 37, wherein
sara exogelin? BeripBfesEaRptiaor Whodd Sof Bineldubbh o Resiuiiniosr
cel | - surf ag@l nBegubiton ©F! hashlobafie BrigemitdtsS cell@nNgides epdrditidist Mnfiting

vascul ogeni c factors and hematopoi etic factors. 39. The cell culture of

cl ai m 37, augiagehesisanddrensydagonssismioypesep . is expressed in an inducible
manner. WO 03/087296 PCT/1L03/00320 61 40. A conposition of matter
conprising a substrate and a popul ati on of vascul ogenic progenitor cells,

wherein said vaggul ogeqlCclhRg B %ﬁgmged bSpétfon B @RRURIEehIE Btbgenitor
undifferentiated ES cells by a method conprising the steps: (a)J culturing

i ndi vi dual cellndeingenssainatde gva mESlifasitivs state for ahileass r14SiaV$ &l teiigapabladbici ng
differenti

pr ogent t or FEEIRESkarh B, PTG 270 e opabFeoRten g e SPaf
exposure to at least one growth factor 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), cytokines, erythropoietin, thrombopoietin,

transferrin, 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

progenitor cells is capable of expressing at least one exogenous polypeptide.

38.  The cell culture of claim 37, wherein said exogenous polypeptide is
selected from the group consisting of cell-surface markers, cell-surface antigens,

angiogenic factors, vasculogenic factors and hematopoietic factors.

39. The cell culture of claim 37, wherein said exogenous polypeptide is

expressed in an inducible manner.



(b) isolating cells smaller than 50 gmfrom said m xed popul ati on of cells,
said cells smaller than 50 gm bei ng vascul ogeni ¢ progenitor cells. 41. The
conposi t iwp oafosbai m 40, wherein step (a) is effected by psxmhiLewtosng t he
undifferentiated ES cells to at | east one condition being selected from a
group consi sting of avoiding aggr egati n of ES cells, growth on coI | agen,
cell seeding c cen atlon .bet resence

5
of differentia GMRAFItion O\Peﬂf’éte’éfi?mgﬁl?g Sﬁxé%ra(tﬁ 3?47?4’1‘.’1’“ %IP 8 n said

cel I's smalyRkuth %@mmlarc%ugswl@;e@ﬂ i fviabdulgtlehReN proPRhREOXBAY Yar@nd/ or
densitometry. 43. The conposition of ¢ laim4 2, wherein s aid isolation b

y filtrat |pmpareckﬁomf1mdlff®d1tmt®1%8 ¢dllstbyra rhethodepmprpongthsisteps:snal | er t han 50
gm 44. The co sition.of .clai.m40, undi f f er ent, ES cells
are human ES cé aﬁ)s “‘m@ld&‘a%%&lmfgﬁeﬂ&? ré Ejﬁa?ﬁqlﬁdn RSt ﬁ“‘LaEf cfgéubst rate
is selected from t hﬁdﬁix%:pdl%ﬁ%hﬁdnng)f OtheMahAif@edntiated! | ALl int@nd

pol ymeric scaffold. 46. e conposition of ¢ laim4 0, wherein said v

ascul ogeni ¢ progeni teisculogdnicspriogemigr celist therebylobliamingsaimixssiumpulative of n a
manner so as to |nduc§ cuI ar devel opnment within said substrate. WO
03/ 087296 PCT/ | L03/ (5320 62 47. A nmethod of relieving or preventing a

vascul ar di Seéasg) or iSRS deRB sinBller@h PSRN R $31@hA%dd pdpdatidRReéls,
conprising: (a) obt ai ni ng a popul ation of vascul ogenic progenitor cells

and (b) admi ni st eri regidsailel smaleruhagehin bpingyestutagenicgirdgenitnt eellshe subj ect
under conditions suitable for stinmulating differentiation of said
vascul ogenic progenitor cells into endothelial and snooth nuscle cells,

thereby —alleviginorRaic@mpasasn 36 diafRase Mhefenndindy W i¢8&fretlg ppthod of
claim 47, wherein obtaining sad popul ati on of vascul ogeni c progenitor

cells is efubpeting tlh:wnd(f@rexﬁmltethES nells todit Weastuale aonditibhdeergt sekected i cel I's in
a nanner suitable for. r;lduc differenti a$$]on of th undi fferentjiated ES
cel I's into? SRIPCEATSHERE OF 7Y pgFegation of éF‘é%ygr%f PRI gt inicked

popul ati Onse%ﬁin‘éet:&&ént‘?zﬂfém between 2X10* and 1X10° cells/om® and presence of

differentiation medium.

42.  The composition of claim 41, wherein said cells smaller than 50 pum

are isolated by filtration, morphometry and/or densitometry.

43.  The composition of claim 4 2, wherein s aid isolation by filtration is

effected via a filter having a pore size smaller than 50 um.

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 v asculogenic progenitor
cells being contacted with said substrate in a manner so as to induce vascular

development within said substrate.



(b) isolating cells smaller than 50 mfrom said m xed popul ati on of cells,
said cells smaller than 50 m bei ng vascul ogeni c progenitor cells. 49. The
nmet hod ofwolmios1248, wherein step (a) is effected by subje®CTMyoddes20

undi fferentiated ES cells to at | east one condition being selected froma
group consisting of avoiding aggregat %on of ES cells, growth on coll agen,
cell seeding cgpcen rath%{] gef.ween 22404 and 1X1(?5 (ﬁel | s/ cn® ndé.lgresence
of differentiatton thoft ol5iElieVinG O RIEYSWNE £ RPN, UerasqpoBiHoR R g cel | s

smal | er thg&amﬂ%gg@ojegtsgg%md%n{phgﬁgati on, norphonetry and/ or
densitonetry. 51. The method of claim50, wherein said isolation by

filtration is ef)ecteaininga mphlativepf vesvulngenic progenitorzellsand | er t han 50 m
52. The net hod f claim4 7, wherein s. aid u.ndifferentiated ES c ells
are hunan £5 o) s adenbloRrade el tis BrosRA cels TS e AL o
claim47, wherein salgqupng Yhiddhldos S@aR1a0hg 8FRAHHal8n bsaid GhRGloghil r om a

group consi sting of congenital vascular disorders, acquired vascul ar
di sorders and i schenprageraperdellsiinte ¢ndothelial &t smootht mosclofcellgstbeatehyi zi ng a

mammal i an tissue, the nmethod . co ising: (a) pbtaining a popul ation of
vascul ogeni ¢ pr ogeni $51atiggsad V@%%ﬁﬁ?%&"&ﬁ%}“‘ﬁ%‘?’ﬂ vascul ogeni ¢ progenitor
cells with said mammalian tissue under conditions suitable for stimulating
differentiation of said vasculogenic progenitor cells into endothelial and
snoot h nmuscl e 4%l | sThe heethdd ofnclaimhi 47 wheemasbtairang tspidofpoptiatian fue. 55.

The net hod of cl ai.m 54, ,V\,her?l,n gbt a('lgi_ng sai d popul ation of vascul ogenic
progeni t or VaSeRlPgeniGProperitar SellSys eHeci§d BYi| t uri ng i ndi vi dual undifferenti ated

ES cells in a ks nergﬁﬁiﬁ@%ﬁvifdﬁﬁl unldf ik GiARddtd EaISAtd AbhRR sAfabid or
e s

undi fferenti at ES cells”into vascul ogenic progenitor ce . thereby
obtaining a m xed pojudhahg odiffetentietidrs ;ofatiet (Unfiffesaitmtadng E®l ¢cdlssimb| er t han
50 mfromsaid m xed popul ation of cells, said cells smaller than 50 m

bei ng vascul ogeni ¢ pY#§elageds progeniter cells;

thereby obtaining a mixed population of cells; and
(b) isolating cells smaller than 50 pm from said mixed population of cells,

said cells smaller than 50 um being vasculogenic progenitor cells.

49.  The method of claim 48, wherein step (a) is effected by subjecting 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/cm® and presence of differentiation

medium.

50.  The method of claim 49, wherein said cells smaller than 50 um are

isolated by filtration, morphometry and/or densitometry.

51. The method of claim 50, wherein said isolation by filtration is effected

via a filter having a pore size smaller than 50 pm.

52. The m ethod o f ¢laim 4 7, wherein s aid undifferentiated ES cells are

human ES cells.



56. The nethod of claim55, wherein step (a) is effected by subjecting the
undifferentiated ES cells to at | east one condition being selected froma
group coweiosignge of avoi di ng aggregation of ES cells, gr@arhLamnosml | agen,
cell seeding concentration between 2X104 and 1X105 cells/cnR2 and presence
of differentiation nedium 57. The ngthod of claim56, wherein said cells
smal l er than 50 ar L Sspl at i i t L .

densi toret ry. 5t ot oBFla 47 bRl A BSREREERE by BHRn s
filtrationsdlectef fremt£grouy icnsistinigl dfeonfevtangasaulpodiCordlese aciilell #asduli@an 50 m
WD 03/ 087296 PCT/1L03/00320 64 59. The in ethod o f claim5 4, wherein s
ai d u ndi f disprdatsiand ighemiageparfusionriBiurhuman ES cells. 60. The nethod of
claim54, wherein said nanmalian tissue is an engineered, non-vascul ar
tissue in need of wvascularization. 61. The nethod of claim54, wherein said
nmanmal i an tissugdis An mehdd yohivasdulabigy O2marhhaliset igde Ofthe! Riethod4,
wherein step (b) is perforned in vitro. 63. The nethod of claim 54,
wher ei n st epMpyng:s perforned in vivo. 64. A nmethod of relieving or

preventing a he&st ol gl%‘%‘%g agri%ﬁ%%?a%%n%rﬁas%%g%é{: ?%’%%@]toq. J Sm‘ral i an subj ect,

t he net hod conpfrsin ainirng a pop vascul ogeni c

progeni tor cellg) angortdtingddaid v adctlobic Hrogénitas €&llsoFani saidd hagmliaar cel l's
into the subject under conditions suitable for stinmulating differentiation
of sai d vascul ogeni ctissye 3géeti qoaditions Fujtable for shaslatiag dififerenithtibh @b daidel | s,

h b | I eviati id h ietic,di . diti 65. .Th
mothod of cl ai m 64, WRSHEBEHTCREETS ST p gty i) SHRL ARG

i ndi vi dual undi ffere@éljs’aﬂq@ﬂb?&lﬁ&ﬁ]h§th'bQa@urﬁlﬂﬁ@ﬂthéui;gu@bl e for inducing
differentiation of the undifferentiated ES cells into vascul ogenic

progenitor cells, thereby obtaining a m xed popul ation of cells; and (b)
ai d cel s smal Por t Alh 'BORH 5% Rpmhatkur BS SO BaE b PoRuRlet o
vasculogenic progenitor cells is effected by:

(a) culturing individual undifferentiated ES cells in a manner suitable for
inducing differentiation of the undifferentiated ES cells into
vasculogenic progenitor cells;

thereby obtaining a mixed population of cells; and
(b)  isolating cells smaller than 50 pm from said mixed population of cells,

said cells smaller than 50 pm being vasculogenic progenitor cells.

56.  The method of claim 55, wherein step (a) is effected by subjecting 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/cm’ and presence of differentiation

medium.

57.  The method of claim 56, wherein said cells smaller than 50 pm are

isolated by filtration, morphometry and/or densitometry.

58.  The method of claim 57, wherein said isolation by filtration is effected

via a filter having a pore size smaller than 50 pm.



66. The nmethod of claim65, wherein step (a) is effected by subjecting the
undifferentiated ES cells to at | east one condition being selected froma
group coweiosignge of avoi di ng aggregation of ES cells, gr@arhLamnosml | agen,
cell seeding WO 03/087296 PCT/I1L03/00320 65 concentration between 2X104
and 1X105 cells/cnR and presence of differentiation nedium 67. The nethod

f claim®66, i i d | | th . .1.solat b
{11 tration, morShomsl iy SHaRGH ARG boretr - e R Rl AT Tty m o7,
wher ei n sa&jghdn¥H a&diison by filtration is effected via a filter having a

pore size smaller than 50 gm 69. The method o f claim6 4, wherein s aid
undi fferentiated ES ¢ ells are human ES cells. 70. The nethod of cl ai m 64,

wherei n sai d henat ol.pgi cal, di sease or., caondi.tion i s selected froma group
consi sting of c ngenﬁ%al‘r’%lfogfo&?q‘ﬁ%lg} dar é”?le%eérbuslalrde&nm%rpﬁlbadl g’ls?(‘}r tefs,
clotting dingRediRlSnAehsBBANiRES irtnedd 98 RHBularidatiof. Met hod of preparing
endot helial "cells fromvascular tissue, the nethod conprising: (a)

subj ecting the vascular tissue to conditions designed for dissociating
cells fromthe yascular tissue herehy qbtai ni ng a m xed popul ati on of
di ssoci at ed celélls; :LW P?Je)thqd;ﬁacﬁ?lﬂ]g%geI“fq"freélﬁaﬁaf(grmmﬁh%’o%ﬁ?“ﬁr Bnfai d
m xed populpddy&fc Qisueel s, said cells smaller. than 50 m being endot heli al

cells. 72. Thé nethod of claim 71, wherein said cells smaller than 50 mare
isolated by filtration, norphonetry and/or densitonetry. 73. The nethod of

claim 72, wherejn sald isolatian. by, filtration.J.s effected .via a filter
havi ng a pore sége z’hmrpg °‘?ﬂt\ﬁa‘§b¥‘bﬁ¥m§eﬁlﬁfﬂzb)ﬂﬁpﬂ&mbepIBIVHme 71, wherein
said vascul ar tissue is human vascul ar tissue. WO 03/087296 PCT/|L03/ 00320

66 75. A nethod of preparing epithelial cells fromvascular tissue, the
met hod conpri siGy: The method of claim 54, wherein step (b) is performed in vivo.

64. A method of relieving or preventing a hematological disease or
condition in a mammalian subject, the method comprising:
(a) obtaining a population of vasculogenic progenitor cells; and
(b) administering said vasculogenic progenitor cells into the subject under
conditions suitable for stimulating differentiation of said vasculogenic
progenitor cells into endothelial and blood cells, thereby alleviating

said hematopoietic disease or condition.

65. The method of claim 64, wherein step (a) is effected by:

(a) culturing individual undifferentiated ES cells in a manner suitable for
inducing differentiation of the undifferentiated ES cells into
vasculogenic progenitor cells, thereby obtaining a mixed population of
cells; and

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

said cells smaller than 50 pm being vasculogenic progenitor cells.

66. The method of claim 65, wherein step (a) is effected by subjecting 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



(a) subjecting the vascular tissue to conditions designed for dissociating
cells fromthe vascul ar tissue, thereby obtaining a m xed popul ati on of

di ssoci atwo os@B129¢ t her eby obtai ning a m xed popul ati on ofecirndeanodzoal

cells; and (b) isolating cells larger than 50 gm from said m xed popul ati on
of cells, said cells larger than 50 being epithelial cells. 76. The

met hod of ¢l aim_Z5 er ei I d.cel | argee than 50 r I.sol at ed by
(11t at § ortonfsiafign AR e B dfg B deibR® sbiHehe B Bifferoddifing %!
wher ei n sahéliigpol ation by filtration is effected via a filter having a

pore size smaller than 50 gm 78. The nethod of claim 75, wherein said
vascul ar tissue is human vascul ar tissue.

67.  The method of claim 66, wherein said cells smaller than 50 pum are

isolated by filtration, morphometry and/or densitometry.

68.  The method of claim 67, wherein said isolation by filtration is effected

via a filter having a pore size smaller than 50 pm.

69. The m ethod o f claim 6 4, wherein s aid undifferentiated ES cells are

human ES cells.

70.  The method of claim 64, wherein said hematological disease or
condition is selected from a group consisting of congenital blood disorders, acquired

blood disorders, clotting disorders and neoplastic disease.

71. A method of preparing endothelial cells from vascular tissue, the

method comprising:

(a) subjecting the vascular tissue to conditions designed for dissociating
cells from the vascular tissue, thereby obtaining a mixed population of
dissociated cells; and

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

said cells smaller than 50 um being endothelial cells.

72.  The method of claim 71, wherein said cells smaller than 50 um are

isolated by filtration, morphometry and/or densitometry.

73.  The method of claim 72, wherein said isolation by filtration is effected

via a filter having a pore size smaller than 50 pum.

74. The method of claim 71, wherein said vascular tissue is human

vascular tissue.
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75. A method of preparing epithelial cells from vascular tissue, the

method comprising:
(@ subjecting the vascular tissue to conditions designed for dissociating
cells from the vascular tissue, thereby obtaining a mixed population of
dissociated cells, thereby obtaining a mixed population of individual

cells; and
(b) isolating cells larger than 50 um from said mixed population of cells,

said cells larger than 50 pm being epithelial cells.

76.  The method of claim 75, wherein said cells larger than 50 pm are

isolated by filtration, morphometry and/or densitometry.

77.  The method of claim 76, wherein said isolation by filtration is effected

via a filter having a pore size smaller than 50 pm.

78. The method of claim 75, wherein said vascular tissue is human

vascular tissue.



