; <=>?e3ewppq$s>t wo BwTww 03/ 083070 PCT/ US03/ 0945 ndot helial Cells
Derived From Human Enbr;‘)c Stem Cells This applic on claims priority
fromU. S.w ro?Mj;s?py nal Application No. 60/367,689, filed March 260 2002, the
entire contents of which are incorporated herein by refer 8hEFSOEHFE| o of
the Invention This invention pertains to the use of enbryonic stemcells,
and, nore specifically, to the differentiation, isolation, characterization
and use of human enbryoni ¢ endothelial cells. Background of the Invention
10 Human vascul ar endothelial cells are inmportant for devel opi ng engi neered
vessel s for trEgHdgthelial CeIRDerived PeoacHandameEnthryoiie Steal Cellsor
augnenting vessel growmh to areas of ischemc tissue or foll ow ng
_inpl antation (N KTlas applicetioratlaims g8y fi8ui Eric Provésional gppbigatidiaN@not o, et
al ., (2001) G ti 03 34- 7 Endot hel i al pr.ageni t.or cel from
adul ts have Q%éé%@gggﬁ%@}[%bggt 2%2),’@12 %081,[6“%50%% AR 8Genesi s i s
- defined as tigeih BySbietngesenbly of capillaries fromundifferentiated

endot hel i al ceTIs, as opposed to angi ogenesis, the sprouting of capillaries
from preexisting blood vessels (Yancopoul os, et al., (1998) Cell 93, 661-
4). Thisotential can be expl oi tiEeldi tiengi neering for induction of

t
ti ssue vascul ari zat.ion, especially for compl.e 1]e :
vascul ari zation o ?e‘&g‘ﬂgﬂogt Peﬂj‘jm%t({ ?lé% l%g}%g @é@ﬁ@?aﬁ?eﬁgglﬁé%ﬁbfl‘g{mi t is
of ten desi r alpegifically AR CiheadiFfefentiRgd) Cigslator, | dfwRtdrization aad piseosf homan
transplantation (Black, et al., (1998) FASEB J12, 1331-40; Kai hara, et al.,
(2000) Ti ssueniEsgnie end@Beli yellsyascul ari zation in vitro is inportant to
enable cell viability during tissue growth; induce structural organization

and pronote integration upon i J: Baﬁ' SPthe TaSettisn Of enbryonic stemcells
In tissue 25 engi neering and oggrelgi}?pp%—czgﬁ'mgﬁ‘n‘pl ace of adult ‘

endot helial progeHihan vascubirdmdbiileliall cetlel drs imponttaht lfer devaloping @ngmeardi t i ng,
since ES cells can be expanded wi t hout apparent |i rTth and §§ cell-derived
cel I's coul d Yresedy &ert eptmant,of yassplay difspsendndernay Abionbe Ussl! IRFAYSHFPHEDS o

potential clynig %LothTleto Qfe%s bf isBherfic 'tiss&ez&qgﬁov%‘g implantation (Niklason, et al.,
(1999) Science 284, 489-93; Kawamoto, et al., (2001) Circulation 103, 634-7).

Endothelial progenitor cells from adults have vasculogenic potential (Kawamoto,

15 2001). Vasculogenesis is defined as the in situ assembly of capillaries from
undifferentiated endothelial cells, as opposed to angiogenesis, the sprouting of
capillaries from preexisting blood vessels (Yancopoulos, et al., (1998) Cell 93, 661-
4). This potential can be exploited in tissue engineering for induction of tissue
vascularization, especially for complex tissues where vascularization of regenerating

20  tissue is essential. For example, it is often desirable to vascularize engineered tissue
in vitro prior to transplantation (Black, et al., (1998) FASEB J 12, 1331-40; Kaihara,
et al., (2000) Tissue Eng 6, 105-17). Vascularization in vitro is important to enable
cell viability during tissue growth, induce structural organization and promote
integration upon implantation. The use of embryonic stem cells in tissue

25  engineering and other applications in place of adult endothelial progenitor or
endothelial cells would be particularly exciting, since ES cells can be expanded
without apparent limit and ES cell-derived cells could be created in virtually
unlimited amounts and available for potential clinical use (Amit, et al., (2000) Dev
Biol 227, 271-8).



Bi ol 227, 271-8). 1 03/ 083070 PCT/ US03/ 09457, e vascul ogeni c
potential of the enbry c cells could specificall e of use in tissue
engi neeri f@ dFds3efgduct i on of tissue vascul arization. A potpeti/iusss/@esy ce of
cells for these applications are enbryonic stemcells which, in muri ne
systens, were shown to differentiate into endothelial cells formng

vascul ar structures in a 5process called vascul ogenesis (Vittet, et aI
(1996) Bolld 88, 3424-31). Early endothelial progenitor cells iso]at
fromdifferentiat |"Iﬂng muﬂegmwfénﬁlai oftthenepbryanigeells eodd sreq ﬁﬁlb’e‘i’\e P se to

t hree bl ood vess cel | co th
nmuscl e cel | s %% %'SHF teagmg ?@6@%&3‘?3@8@%&@ A]‘ﬂdt orS(ZlHP@

addi tion to Relem f&'thedel ;{ygﬁaduo%ﬁmd embiyonk, staurdefls edhith rmmmmrgystenm
10endot helial cells coul ortant for studying earlge/ hunman devel opnent

and di f f er entweae isbowmfto dlﬁﬁ?l‘mﬂf% injp endethelial cells dorpHRg yaseul wres n a
e e ot

en >stu tenS|vey|n rmrlne

enbryogenesi sndbthelildh rﬂm Wells iisolated dsn differentisting eosse Smbnybnje
factor involvenment (Ke G M 15 (1995) Curr

Hi rashi ma, etceli$ were(s_lhwgytogl&smils@s0 M%@DG@)VCS%%{/%‘?IHP?%B% g?m@';?B%%cne nt al
cel | syst e ha e o bl Thbeioch (PhiANB5A, (ouohoNaTRS Hbs Drogesses

in the hurraneB r on| stem ce i'nes "(hES) recently
establ i shed friRpefbiee i Adion & bomsa mmaauamldahm purified hpmnlembrmomm que

system for studying these events in hu evel o
(Thomsonlloet @ﬂOthegﬂmlf couide he dmpgtant . E?“g’ <fl)qv§ °H£R?8t A -
potential to é}g@g th d
differentiat Icgﬁle]r%fﬁt*o& ée{n%?%%‘?\% %Eéﬁégg ?ﬁ?ﬂ%gg bye)r/elrjrgv?:lgot he
g e:c :c s f r?m : hei r fpigtesntiativie of ambrygnivéterg celie imto wné@thplmlsneﬂm andr formation
ifferentiation in suspension, res S in.a atio th l.]

formation of afisesebpaugiwgihas b E’EB%‘)“%P‘% GWW%YFqg 8“’5‘88?5‘}%%05?%?%%%%@?&3% on
steps occur ([Lhakouht &eﬂgl Afiecuflr &ents dnd0QBWtNVTActIE thvBlveRiint Feler, G.M.

15  (1995) Curr Opin Cell Biol 7, 862-9; Hirashima, et al., (1999) Blood 93, 1253-63).

However, lack of experimental cell systems, had made it difficult to study these

developmental processes in the human until now. Human embryonic stem cell lines
(hES) recently established from the inner cell mass of human blastocytes provide a
unique system for studying these events in human embryonic development

20  (Thomson, et al., (1998) Science 282, 1145-7). Human ES cells bave the potential to
generate all embryonic cell lineages when they undergo differentiation.
Differentiation of hES can be induced by removing the cells from their feeder layer
and growing them in suspension. This differentiation in suspension, results in
aggregation of the cells and formation of embryoid bodies (EBs) in which

25  successive differentiation steps occur (Itskovitz-Eldor, et al., (2000) Mol Med 6, 88-
95).

Summary of the Invention

The invention uses a population of human embryonic endothelial cells
produced in vitro from human embryonic stem cells. The cells may be
30 vasculogenic. Alternatively, or in addition, the cells express one or more of

PECAM1, GATA-2, N-cadherin, VE-cadherin, VWF, and CD34. The cells may



Sunmary of the Invention‘e I nvention uses a popul on of human enbryonic
endot helial cells produc in vitro from human enbr Ic stemcells. The
cells m scul ogenic. Alternatively, or in additi e.fells
express &g%gra&%(?e of PECAML, GATA-2, N-cadherin, VE-cadﬁg’r”ldr?pg\'/&E{' and
CD34. The cells may 2 WO 03/ 083070 PCT/ US03/ 09457 incorporate ac-LDL.
I'n one enbodi nent, a tissue engineering construct is formed by conbi ni ng
the human enbryonic endothelial cells with a cell support substrate. A

pol yner nat rincorpayatdec-Liflusdomd embodiment lal tissup pagineesmigstonsirect iTfermsd| yrer

matri x may have any.shape, for exanple rticles. .tube,.. sponge re,
strand, 5 cobY é%mg%/’%%@',e%ﬁﬁf‘l q"i?r%%‘éte%&ﬁ?haﬂ icFﬁﬁ w]atﬁxbae?e,éll F}‘g’?ﬁ% %lpgtgfﬂg‘et. A
growt h factop sBymbendhiaeligded mhRa with e Eelm{l}Eﬂdﬁ ghibstiatdi mad polyrkert he
cell support subStrate. The cell support substrate nay be a gel and nmay be

conmbi ned wi tmatix ingyitdve sanyishepe, ffor cxsaplpl partipleasiyhet epanges ephsee, sHaRte. The

-gel may be Matrigel Ty" or. a coll - GAG gel . Al t.erpati l,. may
i ncl ude ohe W{eﬂgﬁén%fa@ilﬁw&beg‘ﬂm%?ﬁ@ﬂﬁﬁbae&g[ﬁeﬁ?&/?r %Llffepa%ﬁ%lgéﬁ?ﬁ ﬁa%:t%ﬁr%?f be
fibronectin, atRicRéERILY ?_@B@ner HanGoer Qnebined with Yieoeuli suppbit calbsratep r Theadellases,

col | agenases, chenotacti ¢ agents, or growh factors. An additional cell

type may be suppbitrrabistwite mashbe lpugelrendnmey diei eorebiaed aith g Liqud | carmes, {94e

ti [ ' t t.. For .. | . | I'l's,
nerve. col s, SEBBARPRIA SLTeCuPE” Thr St BT BeMutiBstiedr BRpMiRRGa 0" ' °
substrate mayebeafeidfifoly BE geP nfAiRIRle chedfiCRbldIbRLLAARND], @0tap@SPEl , a

synthetic poryner tube, °or a collagen tube, in which the cells are disposed
on an i nHer kmifiac efibiim diboorteetin,a ppeseoglycans, islvaoproteinspraly¢aaauneglysanpod- of

produci ng vascul.ogeni c..human cells in vitro. The h I Rel udes pr oy di ng
a popul ati onpré’:flelﬁ"gﬁsar?ogﬁ&ﬁnﬁ?ﬁi @eg{oé%u%xg?rg?, ¢ Lﬁr?vﬁgﬁ%%? %e‘@‘gtag m ce C%Yli n the
absence of bgih hiyFbandnihddReth tthe HiunthleaitRydioe waLothBliAlf cotistin jthé dishredi es
containing the cultured stemcells, and isolating PECAML pasitive cells

from t he enbenginetringdioastructhdiosteapmple, Fechl eallsigayky muscla, gellsanescseliti ng

the enbryoi d bodies to separate the,cu r I ' | e

cul tured st efSSHFE Y5SPHR cg%l’ %gtfﬂélac ell-'l%ck% cgﬁ’tsﬁé})(;%?y&ﬁ’ghgt?sx{l %ﬁg%?%%? Iﬁ%lh
portion pf tBemngt ladedllfhersditbédvdstel a aythdtic@Gdlfimer tabel dapmilagémybe5 t he
PECAML+ cells fromthe remaining cultured stemcells. The step of providing
may i ncl ude inehishthegslia apstisnosed emanmnpFERCRNbr yoni c stemcells in a

cul ture nedi um ang. a S tigal | ¥.di:5a9 ' t shglNe
vascul ogeni c humaﬁ[l C%qqklﬁe@p}a%pgﬁg%e y%%’%%t%ing{r ﬁ‘ggéénan% eﬁlsoﬁls ?zng’g%dui%lnngor on
a liquid carvisetlogenic dhran e ar bitreu Bittermatihod ducladesiprovidingod pomilstionsefd

delivered to _a tissue in an anjnmal . .
humalll emgryolnic stem cellls, culturing the stem cells in the absence of both LIF and

20  bFGF to stimulate formation of embryoid bodies containing the cultured stem cells,
and isolating PECAM1 positive cells from the embryoid bodies. The step of
isolating may include dissociating the embryoid bodies to separate the cultured stem
cells, incubating the cultured stem cells with a labeled PECAMI antibody to
distinguish the portion of the cultured stem cells that are PECAM1+, and separating

25  the PECAM1+ cells from the remaining cultured stem cells. The step of providing
may include incubating a population of human embryonic stem cells in a culture
medium and at least partially disaggregating the stem cells. The Vascuiogenic human
cells produced by this method may be suspended in or on a liquid carrier, a cell-
support substrate, or a mixture of both, and delivered to a tissue in an animal.

30  Alternatively, the vasculogenic cells may be deposited on a polymer matrix by

infusing the matrix with the cell suspension (either with or without the cell support




30 Alternatively, the 'cul ogenic cells may be d ited on a pol yner
matrix by infusing the trix with the cell suspe on (either with or

wi t hout tWE 03@B307&upport 3 WO 031 083070 PCT/ US03/ 09457 BGHESEBHOE. The
cell suspension may include an additional cell type, or the additional cell
type may be added separately to the polyner matrix. The polynmer matrix may.
be delivered to a tissue site. For exanple, the polyner matri x may be

di sposed about, t he, o Si . . - addRnSEedl bre aldigomd to
proliferate qutﬁlﬁ‘?)';f%’%%gg W%{’ergsﬁ%lplglrg m}ségﬁis%tqglaate or Jon tRé %oél ymer matrix
bef ore bei ngcelelypeansdbé addedisepartelsio the palyreatmatiizal THeopdgmematse mayar t ed
on the cells durl_ngé(ﬁ)rol i feration. The mecl:haBi cai force maé?bz) c&/.cloi Cd Any
force is appbopilisered to grtispafyre, FII AEBIR S g@g,ynée.rsrﬂggpc Y O8SLIRPS
hydrostatic Sﬁéugﬁe o@tsfd%'gfraetﬁééd’ Gesstll efR cdlis Bay BOalldWedid pofiferdiBviteh | S
may be del i v&7'¥ 0 any type of tissue, for exdnple, connective tissue, 10
muscle tissuge d&ﬂrmp?d»ﬂt ssbsaratecor omrthepolyimes metri¥ heforebeing daliveresd i atissae cul ar
structure during proliferatjon. The nunerical values. herein.include range
of val ues whéie Komeehameal farce may gﬁé’alpﬁ'}e‘fﬂ’é the g¢ Ssd%?n%*’%gifés}?%ér# agﬁe
accuracy of t i I gq,%s B NAnY §6/281 9 UPpropfiate) YBE exdnpsle, AhAbEr S
during cal cul“get%]lﬂ%ﬁgél @?%Bﬁa f D%sécri pti%n of tlr?gp[}ravm' ng The fliﬂl.e of this
pat ent cont aisfiesspk she@sdiress)a hiydrostatic sixass,ua AMPressive GHESSCOPALENBIE S§FSs

tent with I d | ill.b i ded .by t Ot J d
Pyt ot fdierpets sat ho elversd, &5 oy e Sh ipdiey BE StopiiE RAYBIRERE . TS
H | g . el ! . ; _
the seveng Iﬁlﬁsgi’g_e[%sgg’ o 5@ éégugg;o%‘%g}% tiskwe. h & Bellsthad foemdov sehlapstngane

expression in errve CR anal ysis. (A) RNA was isolated from
undi f f er ent i aueidg pifdifertibs and from hEBs at different tinme points (days)

during differentiation, and suybjected.t - P ' '
controls, no tenpliedymereal Vaj“%f n %‘ﬁﬁ?ﬁé%&?a%l% i%‘fhloggﬁ%lgl???%% M‘%S
(HW) are _Shfﬁgﬁn&p bh,hﬁ,erﬁlghg of (FReciQéAniid addursryaoiixs applidablpeneaaranentsi on.
Rel ative pixel intensity corresponds to gene expression |level; for each
time point, nedmiqiexst rowtdinsefivesbess degcalemiaionsr e neasured and

normal i zed to nmean pixel intensities of GAPDH band. The results shown are
mean val yes of three differentmmw@%nus st andard
deviation’ 30 Fig. 2. Expressi rkers in vessel-like
structure within hERsfild AF tEBSpaténtdesntaifs at déasednei drawingrexecEGAML color.

anti bodi es (Red), von 4 ) . .
( Cop)ies of this patent with color drawings will be provided by the Office upon

request and payment of the necessary fee.
The invention is described with reference to the several figures of the
20  drawing, in which,
Fig 1. Endothelial gene expression in hES-derived EBs by RT-PCR analysis.
(A) RNA was isolated from undifferentiated hES cells and from hEBs at different
time points (days) during differentiation, and subjected to RT-PCR analysis. The
negative controls, no template (N.T.) and MEF, and the HUVEC positive control
25 (HUV) are shown to the ﬁght. (B) Quantitative analysis of gene expression.
Relative pixel intensity corresponds to gene expression level; for each time point,
mean pixel intensities of each band were measured and normalized to mean pixel
intensities of GAPDH band. The results shown are mean values of three different
experiments, plus and minus standard deviation. ‘

30 Fig. 2. Expression of endothelial cell markers in vessel-like structure within

hEBs. (A) EBs at day 13 stained with human PECAMI antibodies (Red), von




WO 03/ 083070 PCT/ US03/0 W | ebrand Factor anti bgies (G een) and DAPI
, for nuclear staining (Bl . PECAML i s organi zed at I1-cell junctions

- whil e WiRyé d in organelles in the cytoplasm (B) E L8 ned
wi t h human @%ﬁﬁyz}herl n anti bodi es (Red) and DAPI (Bl ue). Bfg?}lué&mrﬁr)é?
X1000). (C) Low magnification (X100) of EB stained 5 with PECAML

anti bodies. (D) Areas of PECAML positive cells (Red) within part of an EB,
organi zed in elongated clusters. Cells nuclei stained with DAPI (Bl ue).
(orig. mag. Wilkbyand( Factohamtibbdied Greem) RECAMPhder tnucleac etdisingi (Blie). a

For d%é'cAﬁlld ARG orPBted  erhistOng s Sl I/ FH o, Wath DACEmIETTA | i ke

channel s. opldbni. di‘B? Bl B sthRba Qﬂlﬂﬁjﬁﬁnﬁhd\lﬁ-%adﬁ&% dfitdaies Mdﬁ&n@md (D

13- day- ol d EB. 'Notice the intensive and conplicated vascul ar network

devel oped atDABY(Blpe)l 3(@igh s X1090).g (Chrkgw mggm;icatpqng(}QﬂOO) obEB $’f@1ﬁ€@)f

-endot hel i_al cegl oid sin d anti
PECAML ant i B8R t@%ﬁg{nﬁﬂ{@ TB X( 02 Bﬁ?Z\i\démﬁl (%ﬁ @“’é é’? 13

were dissocizf gd dRsniZRe Liﬁaél@ﬁka‘!&dt éluREx@AI\@thha@idgmed Rlitp DeSPIe(BIut)abel ed
cells were isolated using a fl'ow cytonetry cell sorter. (B) Flow cytonetric

anal ysi s of (erigonhg|X400)c E) Chanteds forinin pasitive esilswrithimadatdayr e f or
6 passages a gE EC cel Icg?s i’he cells were dissociated and i ncubated wi th
ei ther i sotﬁrc] [ 3% d 1ines) or antigen specific antibodies as

i ndi cated (Solid & ? Bj mefifocalPRicG6stopP @FIHBsY stained |for aEeMMomnmfﬁlgﬂ&ee
Characterization of hES-derived endothelial cells grown in cult (A

| munof |19or ebmmen@mtwnrhéomahpmc wlardike chanpals.| (At rdqymiétﬁ%r@) fnd vV

(Oer our's S EEP € rdVSRE Sha e ARl OB e RltBly ghir

25 cadherin cuasplichled VEscuhel hetwdik aéwdildpedat day10-¢8 loid:EBk (aﬂgenzegw(uoopcu ons.
(E) Double staining for_ Vinculin . and Actin (green), Vinculinis

found in both fodée. donlsalation of @ﬂhp&@eqeﬂ Sefm%rb@manj AR PidnRodipropsing

(P Optake diifeRphiEndtd 558 PRCANT oARyics Shd B0 ot Y e Ty kXD
7, TS I e s kbt g i
mcr ogco- lu?lﬁgeég}a(?e]@ﬂ&?%i wegdplated e Aflaw, ﬁﬁtﬁz‘\eﬂ'g’ﬁ')ﬁ}l 8‘% els @) Fley

03/ 083070 Pcé}/ta 4 ¢ ARAydis OFP@:%‘% 018 cADfhafkbls fﬂﬂ@?KM‘l&g&llﬁs'g&‘@&ﬁ oD cfturd hﬁ

| unen (| u) oW n I nteraction osing the |unen and the
nucl eus (n) fof 6opeesages land BET¥BGndells.FiTheteells rvears plissociateil and dficubatedywith c

endot hel i al CAML+) ClD,mc PECAN I l,s wer e nt o
PLLA/ PLGA poff@ﬁbﬁsoé'Eaf"P%}TQiédaég gh’?fé% 6F figgn Fheﬁli%‘t a{arEs 25 1 W@?‘%@SghgThe
cel I s+sogf f ofifl3) REEenk lg,;g@éﬁsgfébsqlg%neousl y in the dorsal region of 4
weeks ol d SCI'D mce. (A-C) Immunoperoxidase (brown) staining of 7 day

i npl ant s WI t h antFighGnEhaRsedxtioam] lﬂﬁﬁ‘z}dew@ln@hdpﬂwﬂ)ﬂ @ﬁHSJgrowaylmW@m ts
wth anti CD34 .anti bodi e sho sse
i mmnoreactl r}W“?W 8?é°%ﬁﬁ%%8%§§%f(%§g b€ 1 ilrﬁﬁclt%’ pod vWE
human- posi t i (ggeefl) Gh OKE S§ROpladhaV ETHS tiBleD | 200 dtifdd mmnuml (blhe)eLowedr i g.
magnification (X200) of the cells stained for PECAMI is shown in (B). (C) N-
25  cadherin and (D) VE-cadherin staining, in cell-cell adherent junctions. (E) Double

staining for Vinculin (red).and Actin (green). Vinculin is found in both focal
contacts and cell-cell adherent junctions where it associates with actin stress fibers
ends. (Orig. mag. for A and C-E X1000) (F) Uptake of Dill-labeled ac-LDL by
PECAMI1+ cells. (G-H) Cords formation by PECAM1+ cells 24 hours (G) or 3
30  days (H) after seeding the cells in Matrigel. (Orig. mag for G = X100 and for H =

X200). (I) Electron microscopy of the cord cross-section showing lumen formation




mag. X400). Detail ed ription of Certain Pref er'j Enbodi ments The

i solation of human enb nic endothelial cells hasWBotential therapeutic

i npl i cat i wososiossizodi ng cel |l transplantation for repair of PCUHBIHW43T ssues
and tissue 15 engineering of vascular graft. Recently, several studies
denonstrated the use of adult endothelial progenitor cells for such
applications (Kawanoto, 2001; Kaushal, et al., (2001) Nat Med 7, 103S-40).

Anot h f ll1s f h ) t

e O o S a1 i B P LG AL G i e
[1s f f t, et al.

‘238 (i ° gg; mBln%tgﬁgtgdﬂsaéios%%ﬂlewﬁ&ﬁax{dlh@m&lemyu ommls(iﬂmzé&ﬂm)t et, et a

Early endothelial progenitor cells ted
fromdifferenti at iFig mmsmmﬁﬁ@we@‘ﬁ@ %@ﬂéelé"n@\ﬁcwl }\Pe&(r) e to
t hree bl ood vessel nents t9Ro & s
nuscl e cel | s%‘%n&gﬁ&ﬁyf ? werfzfﬁ?@?rga %FU%LME%%%WI n %gdl t on it
was recenFI yé@%?l g t ﬁfitMgﬁ,ﬁgfsthaMdmmem Thé¢ ScallRtiscaffbldgomere elmtdamtedl al
cells cou erentiate into 25 beating cardi onyocyt gzzéé/nen cocu ed

e

Wi t h neonat alsubataticonstpcin dbe odorsie tegion et éd"YF‘é’ eldy dn‘ﬁ%art
(Condorel I, et al 0 9738)
It al so has Wﬂ%ﬁ%%&%&%@fﬁ% r,é\lgfnddlta d gﬂ?éﬁgr%ﬁgﬁtﬁﬁggmfor
the earliest 5ligaRss £fd (D-EF6f &hda ﬁﬂplaﬂtamtwajmringme@D§4@wb®hmshpwmg et
al . (2001) Science 294, 559-563; Lam*rert égé}mg‘%&enc 294,
564- 30 567) mJSrqvcsseIShféatfmn@tﬂl’@ﬁfe(?ﬁtl‘f%\émhlm%sf’%ﬁﬁﬂrﬁp s & pPYLE
nostly dyring e stages..of e EhS (GH€
gener at egof r&%@?gm%m@&vFgl@%%g&gﬁ{}%%% g‘ggo %%%@%%%%ﬁ%%%w |( sol at ed
human errbryoqh&gm@,g?.hel ial cells or progenitor cel | s can be inportant for
such applications (Flame, et al., (1997) J Cell Physiol 173, 206-10).

Therefore, in addition to potential clinical ol ion rified human
enbr yoni ¢ endot hel i al ML&%—% ﬁ Jﬂ"@%&gﬁarl y human
devel opment and di bﬁfat%{cy&ﬂbﬁleﬁhﬁaug%é otefid] tNErapaitie
tissues. Differ ent’f |S§fral‘{l%]? r@"i{){née%fnc stemcells into engot helial cells and

formation of Mﬁﬁl@@tﬁorfstmumﬂmg&ehasanbplemaﬂomcﬂwre@pelxpé asshomic, tissyes,and fHasue
enbryogenesi s, including naturation ste nol ec ven

factor i kol v@mn{lx@rfnfésc %Wh*( 1%@7‘3@.’1&? eeﬁ #“%8? F‘ ‘%"}‘ﬁ%’@mg‘% ‘%gt&
H rashi ma, et (ﬁl:lt emdgaa[%ﬁgl) Qgﬂ r eells ﬁ)%%ﬁclﬁgﬁphciﬁomﬁmotb agﬂowKaushal

experi nment al ¥ made It difficult to studyth
devel opnent al etmgcm{nes\mtmma H35e40)urhndthergaurosnfenelle Aox thess %Pl%!’ccéﬂ?’tsel I

lines (hES) recently establ | fromthe inner AR t° t
bl ast ocyt es p‘l‘fé\‘/’m@’(ﬁ“ﬁﬁ?&ﬁ? &%W&?ﬁ#‘?‘ﬁ%%éée evten{lsf,[}gl Rtigte Into
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30 567). Since the formation of the first capillaries takes place mostly during early

stages of embryogenesis when endothelial cells are generated from precursor cells,
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WO 03/ 083070 PCT/11S03/0Q 7 In one enbodi nent, cel produced according to
~the techni ques provided the i nvention express PE , transcription

" factor - cadherin, vascul ar endot heli al - cadherin W || ebrand
factor. O@oégsg%)l e, at least 45% in a further exanple, E@&)Ug&r}%%%
express at | east one of these proteins. In a further 5 exanple, at |east
75% at |east 85% or at |east 95% of the cells may express one or nore of
these proteins. Alternatively or in addition, at |east 45% for exanple, at
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Cell. Bioch ut 25 it does not contain any detectable
| evel s of tiwdqe ispsteini tfor studfyingetthdsk oprentseiim abwnan ToNRyPni¢ Mevelgpmen)o3) .

el ude. ot el BEIRE0m P 59T Reiehe 28 a2l A85Gn BSEUs bl BeRRba B ans
fibrin, ff br%@@ﬁ&é Nall PeRbARBEY CEIE  [iAdH8ed| WhEPT @icyi Ninderbde differeitiytic. SO

i ncl ude basenent 30 nmenbrdne conponents such as col | a%en | V_and | am nin.
Enzymes sucHD¥feréutiation\of bBS 68307 dnductd bsoanodns thenels diomn theiy fgpder layer

col | agenases be added .to the gel, ~as cel |. andi £ such
as growth faa@ﬁgg@“g% FR 1Bt AP gger’@?. Hﬁ%éenglg*l?ﬁs?ﬁgsﬁ%ﬁe@rsl% ;(;esgﬁgwﬁ?h a
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cel |'s may besucegssize d@ffﬁrmtcatm@W@prpécltri@@l@éntﬁﬁl@%eetrﬂéaﬁ%ﬂomM?? ﬁg‘fde Sl e
where t ceé )s will organize into tubules that will anastanpbse with

exi sting cardi’ac vascul ature to provide a bl ood supply to the di seased
tissue. Qther tisguefhe Babolinshds el Rivedtbsh i at papulation ofihmaan chleryomt| s
wi |l incorporate into neovascul arization sites in t hehuinfa%hgmr%c ti ssue and

accel erat e vensethelia! erllseThp fellt may deapradiceddy wlturing ryonic stem
cells in the absence of LIF and bFGF to stimulate formation of embryoid bodies, and

isolating PECAMI positive cells from the population. . Using techniques described

25  herein, we show an increase in expression of several endothelial cell-specific genes
during EB differentiation reaching a maximum between days 13-15, and
development of extensive vasculature-resembling structures within the EB. We
isolated human embryonic endothelial cells from day 13-15 EBs using platelet
endothelial cell adhesion molecule-1 (PECAM1) antibodies and characterized their

30  behavior in vitro and in vivo.




10 (see Kawanoto, 2001 It is intended that the itntion be used to
vascul ari ze all sorts ti ssues, including connec e tissue, nuscle

ti ssue, n¥QWBO83E8ye, and organ tissue. Non-bl ood duct netREF/KSo3MysTbe
found in many organs, such as the liver and pancreas, and the techni ques of
the invention may be used to engineer or pronote healing in such tissues as
wel | . For exanple, enbryonic endothelial cells injected 15 into the liver

can devel op into tubul ar. net works.,a I .Ch. i
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preferred t haktiddics TRAL])(MRkARIATRY obial.h Bio Tetknigeds 115c1048¢ 1993)i The niatrix hat
also includes several undefined compounds (Kleinman, HK., et al., Biochem.
25:312, 1986; McGuire, P.G. and Seeds, N.W., J. Cell. Biochem. 40:215, 1989), but
25 it does not contain any detectable levels of tissue inhibitors of metalloproteinases
(TIMPs) (Mackay, 1993). '
In another embodiment, the gel may be a collagen I gel. Such a gel may also

—

include other extracellular matrix components, such as glycosaminoglycans, fibrin,

fibronectin, proteoglycans, and glycoproteins. The gel may also include basement

30 membrane components such as collagen IV and laminin. Enzymes such as




of the extracellular mat that is being repl aced. chani cal forces
i nposed on the 20 matri X the surrounding tissue | influence the cells

“on the ar‘i,'?i)%/ﬁéﬁ% matri x and pronote the regeneration of ?5?{}@@?&44% ar
|

matri x wi e proper mcrostructure. The cross-link dens the matrix
may al so be regulated to control both the nechanical properties of the
matri x and the degradation rate (for degradable scaffolds). The shape and
size of the final inplant should be adapted for the inplant site and tissue
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factors ch f a i )the sttt HifdlyCod BdeB 6@ 8 th Embiyohier
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endot hel jal cells,30 form bl aqgd vessels. T . bone
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placed into gselioR (HAE&RL el (2001PUD5R gl Res., 99, 228-234). The cells may also be
mixed with a gel and infused into the polymer sheet instead of directly seeded onto

the matrix.

If a stiffer implant is desired, the cells may be seeded onto a polymer matrix,

30 for example, a sponge, which is then implanted into the desired tissue site.

Alternatively, the cells may be mixed with a gel which is then absorbed onto the




WO 03/ 083070 PCT/ USO3/ 57 derm s formation and I de a vascul ar network
to supply nutrients to e newmy forned skin. Alte tively; the cells may
be seededwOrB®8¥7@ ubul ar substrate. For exanpl e, the pol ynCT/H309357may be
formed into a tube or network. Such tubes may be 5 formed of natural or
synthetic ECM materials such as PLA or collagen or may cone from natural
sources, for exanple, decellularized tubular grafts. The enbryonic

endot helial cells coat he i nsi de, of t ] A Cl al
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proliferatio nechani cal forces may be inposed on the inplant to stimulate
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cel I's m grat hidgedradsblé polyasedds \ess elso d&nusﬂsdf:isewem Dtttee nomtwiodegsardables afet s.
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endothel i al ngl 5135 "o RABLAGDIE Bblyut PR Yot irebIpLBALAIloRE . The

cel | mixtureP In a rrier such as a cu fumor in a
gel as descr wﬁgﬂa@amg polyprepyleid, pelymethdveylete] pelyﬁrdayleme, p@ié’%’b@t@@eso ﬁn@ a

I t nb d th hat b d t
i 1 cukber sobethylensmapidsd. ddopseaBRle gstieqad Rk drosatre, Jisk i Bot y
onto the matrj ﬁﬁ@?ﬂa?ﬁ f: pirhefdd, 4 6f ﬁ(}iﬁ?xei'é' a%:p?opgﬁie fof\tiésuerinpinediing

enbryoni c end S to the’ot her cel type or types may be used.
One skilled dpplicati¥¥s. 03/ 083070 PCT/ US03/ 09457 in the art will recognize

t hat thi t b | timzed t | [
Exenpl ary :gt oo W isreiryen et Sl ssana e dotned PRI A i BFoc AP ol O hat
10% (e. g., ?glmi%fhakélﬁﬁﬁr rﬁéh‘ﬁ( tBAt ik Eéﬁg r@ﬁ:%eﬁe Mechinitl fo@éeshﬁp&siedﬁofﬂie and

at |l east 90% ratios, for exanple, less than 10% may al sq be
enpl oyed20  matrix by the surroundmg tissue will influence the cells on the artificial matnix and

promote the regeneration of exiracellular matrix with the proper microstructure. The

cross-link density of the matrix may also be regulated to control both the mechanical

properties of the matrix and the degradation rate (for degradable scaffolds). The

shape and size of the final implant should be adapted for the implant site and tissue

25  type. The matrix may serve simply as a delivery vehicle for the cells or may provide

a structural or mechanical function. The matrix may be formed in any shape, for

example, as particles, a sponge, a tube, a sphere, a strand, a coiled strand, a capillary
network, a film, a fiber, a mesh, or a sheet.

PLA, PGA and PLA/PGA copolymers are particularly useful for forming the

30 biodegradable matrices. PLA polymers are usually prepared from the cyclic esters of

Jactic acids. Both L(+) and D(-) forms of lactic acid can be used to prepare the PLA

10




S Any cell type, incl udi‘connecti ve tissue cell s,n,r ve cells, nuscle
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ith 1 %aqgelatin.i t.hel i al. wt h i ~ EGVE 2 | ti , d
\;I)Massaged ggﬁﬁéq@ﬂ@g@&;@?ﬁgyﬁ%ﬂgﬁ% Eﬁfg\g“?‘%&%’é’{"ﬂ’% %‘)“P‘a&ﬂ\}ég? Icgisl )s o
(G onetics) were Iﬂrﬂ@x&ﬁplﬁl@géﬁlﬁédiﬁ’lieﬁ@ Wecdll kdspbsePinatigier isaclE@Ma2giomdih um

For 30 Matrigel differentiation assay, cells renoved from confluent culture
by trypsin tfactat sesthemotactivaagsnidmay beaddadge|the pelymer SEinm Sych agodifes,

Bi osci ences)_.at _a 13 03/, 0 P | 1X105
clel I sI per %f@r *{mae) etms[c\é}gg eﬂg%ﬁ%}ﬁl%ﬁﬂggr é@%ﬁé@g nﬁ%ﬂﬁ%%ﬁ?\d gl'tbng&}% 1
of nedi um WasfeRdesionTiHe EabABhiceRdymeli ¢alls) dletndyvely therrasdifighasgbe

m croscopy 24 hours or 3 days after seeding the cells, Reve}rﬁFt

. e .
Transcri pti cwelecidt)topeRuinesipsto she satex or tenpsempteorr Wbkt sRecHin mefabaic hes

cells and frg S r eyl ! L Ki ] ¥ CR
reaction M/as“g]&%r?vﬁﬁg%%/%gér?‘tr‘]g&jg%gﬁm eStS%}f)é}%@?gélg}%‘t? %Q;f(ﬁl algcgi?;?ig)on of
10 units Rnagéddnibl Bidvath fablohClionBRhprphogenstit lprétiy TORP, Hepagwyter grosvhr
quantitative results of the RT-PCR assg{ys t he nunber_of PCR Cé{:l es for each
set of pri nefetonaplatelptelkaved srovah ifacten el GTaeIGFL Angdells hergptopagiic growth

anplificagtion,, In,additi.on all I i e j al
a1 Bt 1 oegr b 4Bnd e AP ReERe Bl R R ta ted Bl BURRILT |
condi tions afistoblaiti greivtle Yackdts.NIib6hS efbedintentitimaysbe BrvethSfactirsasusisias pt i on
(RT)-PCR Condi tions and activation30C for 30 mn, 9 3{ E,LS .

mi n. Anpl i fi ceeryeemuthrfaeton QNGH) osyGSPléerrp#Pa?mqi@t?roa&E/{P i hhe Sagicplar o\ f or
cycle nunbers. Fin nsi ] el | Ee1NaEREHS Okt Ml
cycle nunber%m\vfxvlt/é}} gcﬁéﬁ%%kggggg}ﬁg{fc%ﬂg@nﬁ@%$ et%gtﬂifgea/e?hat condtirytsi ons were
in the |ineaggilanaeefitctdoRa bigd fahiilyadfigporhGadtbaitare yelldswndadizse skilled

cycl esCD3430 cycl esFl k- 131 cycl esTi e-231 cycl esGATA- 233 cycl esGATA- 329
cycl esACP3321 thgt-esOCT- 431 cycl esGAPDH24 cycl esPri mer

Sequences PEGAM GupiT LI R AERH 00 Gl W6 et hay Bl (hTakie€CAAAAG

AGAGA /
CTGGT TTTCCT TioAGRHHEME THHIdNG 40itRABRCTINSIE BT GA GG /oGROAGSGST BR/AGEPEIT ATF| k-

: 1CAACAAAGCGC‘;‘\}1GIPI~nGﬁ§~nC%4 Iﬁlce %r%%%%%l a%f"act cells from the surrounding bone

which will synthesize extracellular matrix, while the embryonic endothelial cells
30 form blood vessels. The blood supply for the new bone will be provided as the new

ECM is formed and mineralized. An implant placed into a skin defect will promote
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WO 03/ 083U70 PCT/ USO3/ 57 Ti e-2CCTTAGTGACATTCTT

GCAAAAAT GTCCACCT GGGATA- AAGCAGCGCCAGCAAGAC! TGAI CCTGCATGCACTGATA- 3ACC
CCACTGTGO®E3@8884T/ CACAGCACTAGAGACCACL33CAGT CTGACGAGCGT GAARHT /BRIBOATRICAAATCT
GTCCTACCT- 4 GAGAACAATGAGAACCTTCAGGACA /

TTCTGGECGCCGGT TACAGAACCAGAPDHAGCCACATCGCTCAGACACC! GTACTCAGCGGCCAGCATCG The
anplified products were separ at ed on 1. 2% agar ose gels with ethidium

brom de (E-Gel, _Invitrogen each es of
each band wedemieismetion a8 PFR}? Plvi"é‘ﬁ’ %’3‘?@5 ﬁ@éf’t%’gfsl@g

band. The values,f{gr three experiments were then averaged and graphed wrth
standard 5 devi a‘gr on. I mmunochem cal Reagents and Procedures. For staining,
EBs were transfer Atermativey) the lcdlmayéd seqsled ontg) & Bulgr SADSHEE- E9F ESHERIENI ng

10% FBS. EBs, follow ng attach t he CQUBE orS on
gel (atl n- coat ¢ RUYRBET SIS n%é(rget? gtﬂt(t i ?hoarnlll%t‘% C%'lcﬁnethtgst H{a V%

W th 10 396 pRraka btfﬂtﬂﬁmégeyxﬁltetrcwlﬁaeﬁmarsumasammwaonmnm rme@Ocomen with
the relevant primary antibodi es: anti-human PECAML, anti - uﬁ%‘ngélrbncutl n

(Sigma), ant frehunsnral csoukties,| bbr@!ﬁ@ﬂ%&%? Iylgrigerd fobiles)grafls, RSS! onal

Bilol 103, | acndegieial el LA tas it of BB e Yokalng Sy @il HARY, o6

The secondar y,api h%%%?% HeeH ByRus3- npkitesh, ke ghainbsyohic emlotelinh@GlisIaakson
Labor at ori es§ and xa Fl uor goat anti rabbijt %a‘G (Mol ecul ar Probes). In

sone cases cedduse thromBesinpost-implntation{ssedapshal. BER)- and FI TC- phal | 0i di n
Si gma Fol | th di .
Eor ot -G ( SoutheSeBRAGE, AL 1 pRitralon 162 ba itk Gndth brbebuRr

Fl or onoul? - G (Sou were exa sing either a

conventi onal sﬁﬂsﬂﬁfeeﬁ%fhcﬁelﬁgqmu( by kemnignalo rDtiress pralitatian mochamml 20
m croscope. For uptake of | 1 -1abel ed ac-LDL,, PECAMLt c Eelts and caon

PECAM cel |'s fmcemaydmbmw@ed/\ml nhquplgmﬂo W‘I‘laiealt?étl%‘ﬂ BEPUBCH RE caI

Technol ogies |n r 4h .at e I \&gﬁﬁlmhed 3
times with PB@l(i%tl xg’ﬁ 1??“%‘@17%3 5irle(r)ra Uehy e forﬂeﬁencrf%tt%es and ¥

visual i zed ugkRgpR, bl Mediagcaay tbcittulited tlupegl N wbnjar snbstrate WD a0pylsade 70
PCT/ US03/ 09457 Fp I mmunohi st ol ogy, . ti ssues sect,i.ons vveré} Ear af fi nhged
bl ocked W5t h mmpre(z e( B} bearr siren®RTcwith spificient speedytaexgH F S 08 %

Vect or ABC or b 1.Vedon tjqﬁ mativél daes
' The anti bodi 8§ ’gﬂz‘# {Sit:th\éﬂt{“ ﬁuman %EéAI\)I’tL Ktgirlrétﬂra-hurra?r VW (I:l)AK% and

anti - human Ciigdrdstati forc¥i ot icomptisive rfatce amjy. bd-froparteyt aman pryplant that will be

deposited within an organ such as the liver, or a tensile stress may be 1mparted on an

implant that will be used in a tissue that experiences tensile forces.

20 Cells that are recruited to the implant may also differentiate into other cell
types. Bone cell precursors migrating into a bone implant can differentiate into
osteoblasts. Mesenchymal stem cells migrating into a blood vessel can differentiate
into muscle cells. Endothelial cells forming tubular networks in liver can induce the
formation of liver tissue.

25 In another embodiment, the embryonic endothelial cells are mixed with
another cell type before implantation. The cell mixture may be suspended in a
carrier such as a culture medium or in a gel as described above. Alternatively, the
cells may be co-seceded onto a polymer matrix or combined with a gel that is
absorbed into the matrix. While cumbersome, it may be desirable to seed one cell

30 type directly onto the matrix and add the second cell type via a gel. Any ratio of
embryonic endothelial cells to the other cell type or types may be used. One skilled
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For isol ation of PECAML itive cells, EBs at day wer e di ssociated with
0.025% 0.0l % trypsi n/ ED washed wi th PBS cont ai ni 5% FBS and i ncubat ed
“for 30 m i uor escent -1 abel ed PECAML anti bodi es (Ph .. -30884X)
on 10 i cevpol\%/h%?;edscent -l abel ed cells were isol ated using g&m\%ﬁ@ﬁﬁmt ry
cell sorter (FACStar, Becton D ckinson) and plated on 1% gel atin coated
plates with endothelial cell growth nmedium (C onetics). For anal ysis of
endot helial cell markers, PECAML+ cells grown in culture for 6 passages and
HUVEC cel | s inahe agti #Deécdpaide Ukatnisceatio mayg decsasily optimidedefor (aCpirtioulBRL )
washed with PBS containing 15 5% -FBS, The ce] l.s. were. incypated w ei t her
i sot ype contapBlicatiopy sléx I@?tlﬁﬂrﬁ{ﬂ“hﬂ’é?ﬁ}c Bqéog?ﬁh\igg‘éﬁlsstﬁe i %e?lérﬁr% bdi es:
PECAML- FI TC en). By Gt it 3084, Bil 8,64 1e28C1R) ardindl least
FI k-1/ VEG:R-I%E’@%%’}]%}’ g/qgf%%r%sf’ Cells vve¥egana? zed live (wthout
fixation) byoosiSngaller eypiod] forreiandjileldessdhanxt)%duayialaelbe employeh a FACScan

Becton Di cki nson) wi th CELL T software,. 20 El.ectron cr [ 1
geeded i A Matri gehoxsel é@%@%ﬁﬁ% 8?%%3\@6%? P %?rv%ﬁgilsmgﬁl?s%?egge}_gg%
| ut eral deh d 18Be lembPyohidVesdodhdial

gacodyl ate %ogg?neggf%sglaj ?ﬁ% g%hg@%né’eﬁlaggﬂs%t&fn?i{%%m% 10/5 &ggy in

ver onal - aceteatle Botf &amplgrosteoblasis. mahbe commbinedewith dheyembayonie pristhediaby ni ght

with 0.5%uranyl acetate.in veronal -acetate 25. 1 6. rat ed
and errbedded;eﬂ% t%ﬁ’&?‘%’%ter@gicﬁ?pr%‘g@%noge%%an utsbgagcgfaﬁglghhgdr @}‘ﬁ ggfg&gut E
at_a t hi ckneggropiaskOcoMBitsd With enthromlo énlisthélfal cSHS bh@irsened éntexskin willl usi ng
a Phillips EMAI10. Bi odegradable polyner matrix. Porous sponges conposed of

PO
pol y- L- 118ct iprodusiedfuflpL vasyulammedpddrnis. e excaaplaty, eedlsi thata iy QePEQingd o

fabricated mainly as, previo .descri -\Mbo " . i oned
Mater Res 37Vt e esbRonis, cridp ,hglﬁﬁ(i{& ‘?ﬁg‘f’ §*¥8@?*§§%e%“?ﬁ%“%g%&* %%@\Qo lé%?ossom
PCT/ US03/ 094&%1is Piiiithe fiHO611s! BA6Hth! Masdlo ey, chidiasveuscldi cedle) siedbtalnmakdler of or m
to yield a solution of 5% polyner (wv), and 0.24 m__of thi solul'gion was

S-

| oaded i nt o cellsdislesaclsdnesve ivelds, segatosytes okidngy Selis blafder seHs, Andsbonep e
sol vent msd€I owed..t 0 evaporate and the sponges subsequently imersed for
8 hours in 0E‘RP}HIgIc@l:}s"water (changed every 5 hour) to leach the salt and

create an | YRGS aad Methods Structure. The sponges, which had an average
pore diameter of 250p,m were cut to 0.5X4X5 mm Before trgnsp@nﬁatti on,
sponges were soakee! pilturaohES cpllsFi% clane)nyers giova SR JPush FRBE HRICOIAPE 1) pRs,
Transpl ant at i . I%;g’ € ﬁgﬁ@gﬁhg\@, ﬂg),ra%&ﬁﬁg@ded in
50 pl of 1: 1((%51)(]55%%&@3%”%c@gﬁ&ﬁ%@f??ﬁ,?BD Bi osci ences) and

al |l oned to ahgsoh of Thdbdchbd MbdifcPEaglemedinm sptimized forAES eellg oliskevitz-

i ncubation in 37C, to allqw for | atj on_of Matrigel he cell s+scaf fol ds

were i npl ant]@@%lﬁﬁc@t’a@%@swl-ij}‘{g‘iké %ﬁﬁg%a';‘e cagte ﬂ ?ﬁwﬁcﬁé’&énctgmfr%&{l D ni ce

(CB. 17. Sf¢ D {Jagan 14 f biitestwaR TRV ARl Hilhom 1 %l Eelitie(Sigmabant s

were r et%ﬁ ev%%%ﬁﬁycxl)eeg&%r\%}n?gﬁ?y?%‘él %ebsuf fered Formalin oé%é 4C, ( e%ggeﬁded in

Paraf fi n andCslkeativese gréwn ih5%t G0pgindavere xautinely passaged every 5-6 days after
disaggregating with 1 mg/ml collagenase type IV (Gibco-BRL). To induce
formation of EBs, hES colonies were digested using either 1 mg/ml collagenase type

IV or trypsi/EDTA (0.1%/1mM) and transferred to petri dishes to allow their

25 aggregation and prevent adherence to the plate. Human EBs were grown in the
same culture medium without LIF and bFGF. Isolated PECAMI1+ cells were grown
on plates coated with 1% gelatin in endothelial growth medium, EGM-2 (Clonetics,)
and passaged using 0.025%/0.01% trypsi/EDTA (Clonetics). HUVEC cells
(Clonetics) were grown on regular tissue culture plates in EGM-2 medium. For

30 Matrigel differentiation assay, cells removed from confluent culture by trypsin
treatment were seeded in Matrigel-coated 35 mm plates (BD Biosciences) at a
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Resul ts Endot helial gegexpression during hEB dif entiation. To isolate
endot helial cells fromWtman enbryoni c stem ( hES) l's, we first

char act er woeab/08870 hei r vascul ogeni ¢ potential by anal yzi ngP@HESEBHP+ESsSi on
of endothelial specific genes and proteins during hES differentiation.
Spontaneous in vitro differentiation of HO hES cells into endothelial cells
was investigated after renoving undifferentiated cells fromtheir nouse

enbryoni c fibroblast (MEF), . feeder |a nd. placi . i 4 g¢ shes
with cul tur eCQPé‘fS‘i‘tEﬂ%OF‘a$il%‘é6I ég@*eRFfagﬁ{’.Hfa‘bﬁ Gttt | %‘}‘H‘g’sm (ﬁ% ﬂgtrllléilhbgfsi c
fibrobl ast Q@Q%A%iohaag%@ﬁc,(%ﬁ%f rfe@funh AR GIdieN CbrERrhmtiontwasrevallateddnn, et
al., (1998) Science 282, 1145-1147). At different tine p(fl nts during the
di Ifer ten'éI i ?t cmmwpimsswd;mmogufﬁthpw ) éBllaﬂymﬁéf weting dhees ]é_nd RNA vvasRT R
extracted for analysis endq Ay gene expression using RT-PCR
The genes anal yze e‘("ﬁﬁqffd’@ff'Wﬁgﬁhgkﬁ%@bﬁ%dhesi on nol ecul es such as

pl atel et gndot hel irgly) YA Honp dha@skrntiamhe BB coells RECARb GEBY Were, ivtatécar
endot hel i al - cadherin (VE-'Ca% and CD34; lgrovvth factor recei.%tgg%_g such as
vascul ar endosing| Ri¥Easyr Minh Kt Qingel7  RT-RER 3935880 7539y b5 4%e
receptor (Flk-1/K GRR- nd . Ti ont SEATS s 288 @it R (Gilfed TBRR) and
GATA- 3; and &ﬁ@ﬁ%&@,&'ﬁﬁﬁtgﬁr&f%gém%é@er 0 q%/ﬂgggul ar;(ﬁé%t opoi e}ti c
stem and pr oggMixirsone 'RISA ( BRLénsaRIsent iquadtitatieli@Su)s dfithre RAl-PCBcsaysshe

490-5; L 1992); Y , et al., (1995) Bl 85, . 96- 105;

Yamaguc h?,rrpgg\r;:irl;:ﬂ; éf(ﬂ@@g@)'clssogg\%éﬂgﬁﬁ?ﬂﬁa ﬁ’“i?PB( S W&% Qb@ggg %g%m @‘F]I’éllear T2p8993)
P Nat | A iU 0, 935 - ! 3,
00-107: 1 cbye amplficatinofpsidliot YUGENACharbles welg dhusletin S sk,

level s of endgiigbatiln BRIGAPDHPESCAML intdnal atindard. CH3idndrnsngeeanss, deachioy EB
differentiation, reaching a maxi num at days éS- 15 and 10 indicating a
di f f er ent i at icondifipercansoptisweh eyrle nuBbere areds IEPVE GATA-2 was expressed
earlier and rese—dramaticattyt rq..day 18- Unli Ke the nmouse system fhe
VEGF r ecept ¢ fReyq:felg‘-ra_qscrll‘glo | gg%(:‘v&})nﬁ“mll‘%di fferent J:_a,t_e_d_eej_l_s._ea.l{sﬁ—-ﬁe-p-()r t ed
recently by |Hauhimavaeibn al |20@1fot 30 nkid, 959Cfey 15ndmd i ncreased very slightly
during diffegrentratiom (RKaul L 0 GitNald be D@t cyrd USA| 98,
10716- 21) . 150"'1"?1‘ AP osi ne%1 ;%gisle]g%lé%e%g%ég%’?g%gd theJ t ranscrﬁfmpti on
fact ors GATA-3-are-al-so-expressed—+n—hES—ecetts—and—therr—expression
i ncreased durHimbextehsionf i r st| Bf&ogymnof EB differentiation and then
decreased ( |(?gﬁ]m|®cmn&rs ACl133 is expressed in undifferentiated cellls as
wel | as in diderert+ated—EB—<cettsra pattern Sim |l%ﬁ0£§)wt$i§tthe%eafl k41.
The | evel s dfOrtimalcycle yyp Pl‘iv‘ffédwflf”oea@ege’é?ﬁ?né'ggeatcf)n dndifierent ated 20
cells, serveddeuggod BP0 veom et al . (1996) Developrert—i22—881-94).
Oct -4 expresisigoavghows | becydiedi f f erenti ated stage of the cells at day as
it is expressedTmthe Cell5.0n high Ievels. COct-4 expression subsequently
goes down, e ng t gécyf lo_differentiati-on—process—s—proceeding 1T t he
EBs. Human untibd4i cal vej AB0emldot helial (HUVEC) cells were used as a posiitive
control for THE express gpgyg{esthe 25 various human endothelial genes. The
VEF f eeder |fayer—cells—were—used—as—anegative ctontTot,and did not express
any of the hubed specif] dlejelies exam ned. These data denpnstrate an
increase in expressi on phigemeral endothelial cell genes during EB
di fferenti at peon—reachrng—anaximumat—days 13-15 (Fig. 1, A and B). Song
genes were exPrBA&ded in| PRERdifferentiated cells in either—high—tevets
(FI'k-1, 30 ACA333 Tie-2) 20eycleoner | evel s (GATA-3, CD34), and others beclane

notable 18 OCT-4 31 cycles
GAPDH 24 cycles

Primer Sequences
PECAM1 GCTGTTGGTGGAAGGAGTGC / GAAGTTGGCTGGAGGTGCTC

VE-cad CCGGCGCCAAAAGAGAGA / CTGGTTTTCCTTCAGCTGGAAGTGGT
CD34 TGAAGCCTAGCCTGTCACCT / CGCACAGCTGGAGGTCTTAT
Flk-1 | CAACAAAGCGGAGAGGAG / ATGACGATGGACAAGTACCC
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WO U3/ 0830170 PCT/ US03/0 7 followng EB formati On|.fd differentiation
. (PECAML, VE-cad, GATA-2)Wig.l, A and B). Formatio f vessel -1ike
structure,j] } rentiating hEBs. Analysis of endothelial Lfic protein
expr essi g"r”nbi%%m‘ £§/‘F13 EBs indicated that all EBs had 5 def Wﬁiﬁ%@éfﬁ%z\r eas
expressing PECAML (Fig.2C). Further analysis of PECAML positive cells, with
various endothelial specific proteins, indicated these cells are
endot helial -1i ke, expressing PECAML and VE-cad adhesion nolecules at
cel | -cel | adhesi on iR AGACKIICYIdE Ala0hACICUACCTEE) in | arge granul es
di spersed t f (Fi

the—eytoptasm{Fg 2,7 Bl W rhese EBS,| the
endot hel i al | @143 1@@@%@5%% %/JM&F?@%@Iﬁ% lér&gr oups—orggni zed
~in specific| ghpanel | ACbECAITAIGHOGEEGABAT./ ZACBGEAGTAFAGSG0OW ng t hat hES$
cells cultipvated—as | I/ feqt helial celfl s
and bl 0od VEASHP- || E‘Eﬁﬁ% AT ik, gﬁgﬁ’ﬁﬁkﬁ?ﬁ
vascul ari zat0@n4 | i KEGPEASESSTCABSAGETIIAGGH A TTICTRECEEF AESTAMRA AL H ned
with PECAMY GO0 £8celd RAEcNaTaeRERaebadastLfasCoPy. Fig[3
S the ¢ ation

steps up to day i3. On day 4, PECAML- positjve Ll s were ar 00 a | ow
per cent age of theTlEB%mB]htgechfHéEﬂﬁﬁ”ﬁ%ﬁ%athcTﬁPll' élagarc?ﬁg?lglr%@ %I@A).
From day 6 QR ' f i@ lpofdt] Hih &l iftehsifi@senNtdcad
capillaries erclgrre e\?}jlg%gﬁrﬁlh?gf . BEW%Epom dz%(/) 10 org,_bloo% ofSIEBs cont ai ned
ext ended ar ebemdoferd fheantredand narkmlizehiol theani nixeldntensities f<GAPPE band. Thee

positive area was | arger at day 13 and_the network st r e -heca re
conpl ex (Fi gvalags) forTfEeg i‘?fBel?:‘Bé‘? eVEE LhEP 2YRTRSS r@ﬂ?iéﬁ%‘% gvr% £ gﬁ aid>"

devel opment @gv-zg%h_ensi ve vascul ature-resenbling structures within the EB
correl ates Wltfl‘l t he RT-PCR anal ysis which denonstrates the subsequent
i ncrease i n RNA | BueliwchémichbRengeutstuediPxpcegeress PECAML, VE- cad, 25 CD34,

reachi ng a maxi bet.wee ay 13-15.(Fi.g. . | : J.ved
[ om hEBs. Based B9 HBRENERS e BRRERIIR bl Rl Shhd spElR elate
expression, (‘f@ltﬂﬁlhg N esst ERFsNGHing Rttattini@nt POt cover slips; br tells grolwat e
human enbryonic endothelial cells. W decided to use antjbodies a?ai.nst
PECAML for t b geleti-apatoth coves sBpCmere fiaed watbrmethang! fas St ﬁe‘?&rﬁ oF ¥a&Brar ker

for 30 se,&nbr yoni ndot hel i | F 5 tRXR(EEHed i n
vessel - nﬁﬁe 3 "r%%/fg?’éagd%ﬁ' Sgpfoé)f"gkelng‘%er%&ﬁ eha%@ -tdége g)n 6\}}\%Flﬁsvc‘a,xpr ession (Fig.
2 and 3) sugggmbiymtibSdies: MG HIHMAFFTAVMICEHAUEARAN Fitfeilin (Sigma), anti-human
von Willebrand factor (vWF) (Dako), purified monoclonal anti-N-cadherin and anti
-human VE-cad (7B4) (Volk, et al., (1986) J Cell Biol 103, 1451-64; Lampugnani,

et al., (1992) J Cell Biol 118, 1511-22). The secondary antibodies were Cy3-labeled

J

15 goat anti mouse IgG (Jackson Laboratories) and Alexa Fluor goat anti rabbit IgG
(Molecular Probes). In some cases cells or EBs were also stained with DAPI and
FITC-phalloidin (Sigma). Following the indirect immunolabeling, cells were
mounted in Floromount-G (Southern Biotechnology) and were examined using
either a conventional fluorescence microscope (Nikon) or Ziess LSM 510 confocal

20  microscope.

For uptake of Dill-labeled ac-LDL, PECAM1+ cells and control PECAM-
cells were incubated with 10pg/ml Dill-labeled ac-LDL (Biomedical Technologies
Inc) for 4h at 37°C. Following incubation, cells were washed 3 times with PBS,

fixed with 3% paraformaldehyde for 30 minutes and visualized using a fluorescent

25  microscope (Nikon).




that it could serve as mar ker for human enbryoni ndot helial cells as
wel | (Vecchi, et al., 94) Eur J Cell Biol 63, -54). EBs at day 13
wer e di sswoi0asw7o st ai ned with fluorescent-I|abel ed anti - PERCAVISEHPINIodi es
and the PECAML positive cells (2% were sorted using flow cytonetry
(Fig.4A). To confirman endothelial- 5 |ike phenotype of PECAML+ cells
grown in culture, we assayed them for the expreSS| on of endothelial cell

mar kers. |sol ated PECAML+ cel giler se %v] - 1L 4C and
HUVEC cel | s vvere FWCHB%‘PBM# ’L?ﬁ‘feés%egﬁ abeeia%gp ﬂa& gigaéléndcei%gnal yzed

by FACS. Fi gonidk @i0MFe M@éméw%xez rzﬁﬁﬁwsoandpgt@medi lemfg tzaaér ARC FRIrkARKI n
i sol ated PE(%RH+ cells is simlar to the HUVECceII . %gﬁ% *‘E‘é‘?
PECAML i s al @@ABpkitmwith 2o mmbaﬁlomvgﬂxetheé& iihosacs; elaﬁ‘tp §s
(98% corrpared o PE soI cel ( I IDEL b
anal ysi s, %M 3t% lbl% on‘JV?F @A&m zing[lrfﬁ%ggu es bg: C&a

i nunof | up @Olrpoﬁ{t%yopy PECAML+ cel |l s appear to present a correct
or gani zatl on of endothelial junctions; N-cadherin and the
endot hel i um speci Flaw Ygosgtryadherin are distributed at adherent type

junctions (Fig. 51:% s afﬂg%ggﬁp‘r‘lmﬁfﬁ {1 ef@élﬂs Eﬂ?%@da&”@ ﬁ@l%r(ﬁ&béhteﬁ%ﬂby

their interaction aneht syst (Ayal on, et al
(1994) J Ced} 0Bs%)0.02%, tryphiy BB A, Aekhel with ®BS fortanmgei’e FRS il menbatethout

L s
B e

and the I's hi y expres In the cytopl asm (Fi g

5, A and B). (HAEStHP BettoaAC Ditkinkag hmbrplats@don al%hgelatin ecoatesl @it
cells (Voyta et al. 1984) J Cell 4- 40 To.e a t her
enbr yoni ¢ de endasbeliai grovah| medium zfgﬁ)‘élepﬁ)s)l n SFpQPraleés 8t I%BHI %@1 pg?wer e

| ncubated with Bl o Bl S8ARSHRRRGNGRHOpAam and HUVEC aiissasece

m croscopy. ryoni c r| ved CAML+ cells were
brightly flugigsssasd u!hjﬁgroenshstsbﬁatﬁcbmbmﬁﬁerc(ﬁnhcorBRBhmaslgeddf'lﬂPEBﬂIWngs was

at background | evels. The_characteri stics, of  human enbryoni ells
vere al sd5asd% §88. byThe gells rere inpehafed with either, JS0PDe£9 é(m(’ﬁ?e Cfé@ba enent

cel Ps (& ant PhERVmgEn B b g e 2e) i

PECAML+ cel | si?mer(Mluuh)tllBletd:cpACrYaG)rangleFﬂ(ﬂbMﬁGRBr%Pﬁdhndl% @@ﬁmof@ ls

PCT/ US03/ 09457 able to eou nize | r t S
when nai nt ai e |aﬂa]é’é‘FQ§ Bog%ﬁ@an?%gﬁg%&pﬁ)pﬁdl Bdéi ﬁ% é%dea%tdr%ﬁ

m croscopy argalg' £ FAlCSAR (Bekton DidsSsonpwith CELINQUESTedftwand. the cords have
a lumen (Fig % suggesting that the cells have the capacity to

di f f erentpat e and Blestront Mirosdoge st ructures under suitable 5 conditions.

T | ant at | f P | i ti
potenti al of nEs. deall edebiadetise i o Gl Sf BR R cnb g 80P 1 €
vivo. The cel él\?tg%eﬁg&@%@‘é%ﬁ!brfﬂaﬂiéhj/d&ﬁf@?/ﬁubﬁs?h@l M eddigneciebdylate

pol ymer scaff used as scaffolds for tissue e 1‘ ri

(Put nam et aiuffer(mﬂgey)andthmpqséﬁxgdITBE’/AQSP‘tlSHSKIj’éEa%eé@Eggf ﬁlgﬁ!ﬁyomc
deri ved PECA Is Wer.e. | ted i 6 ASHRoil-aSthie
mce. At the Wlﬁf”ef?wﬁﬁlélﬁapwg’? SANZS gét%ﬂ?tﬁfu E%ng&tért]% sl g%lgjlg

i nfecti omsweng, rile(HIatee), ansydrittd af@einbeddedaia Spurisiresin. |Sepmmstwermuhm|aned

in mice for at |east 7 days became encapsul ated by, fi brqus ctive
tissue that v&scmmwﬁaytmﬁugl@eﬁ ﬁov’é's‘ésél}%a digmang qﬁt‘ﬁ %1 cygns were

exam nation usin nt . bod e human specific and do not react with
mce m croves@‘é‘{‘@?%s #@Wesse?g that are inmunoreactive with human
PECAML and CD34 ( FBfdBgraflabi} pobavee naitrit hese hunan- p05| tive vessels had

nouse bl ood cells in their |unmen suggesti t hat ssel s d
and anast onpsed wlfwovﬁépm«ac%&%&? &0239 Lo]@&téﬁn SH%IPO?Y' aBiE™

bl ood- cardy I “élyé‘%h & fﬁfbﬁ) wile [ flaRal MAinly as previously described (Mooney, et
al., (1997) J Biomed Mater Res 37, 4130-20). Briefly, PLLA (Polysciences) and

B
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 Biot echnol fomesgyih

This study indicates th uman ES cells, when indu to form EBs, can
spont aneously differenti into the endothelial Ii ge, ultimately

" formng tructures. Qur data denonstrate an incr i ression
%g’%&g%mos ﬁ@?ﬁxshg%ﬁ.%o

of several elial cell genes during EB differentiation réaching a

maxi mum at days 13-15. Sone 25 genes were expressed in undifferentiated
cells in either high levels (Fl k-1, AC133, Tie-2) or |lower |evels (GATA-3,
CD34), and others becane notable following EB formation and differentiation
(PECAML, VEPGU (B6dfindpr Iglheiis) IMdusste diskelsad geclderoform tooyiekixpsassed i n ES
(or expressed in very low levels that disappear by daaé 1 as EF are chr med
(PECAM , Ti of 2% pahanest(wY), eed Qgdemt ob thiy sahuliom avag dgadednfe meldspacked (p 1
at day 2-3, P h-e- . V i t et
(1996) ; Robé‘gﬁjsqg}%ﬂ,g? o Sg@ﬁfnz‘(hg‘gb‘g"}%/ﬁ%ﬁ' Eﬁ%ﬁ?@g ?V,E'% %E%?%é‘?%ﬁ%ﬁastée%%d 21
WO 03/ 08307 QhéEpondSs sttikegient iy Lirmmiersed foe|8 bout fifh elistilled atgh(whenged popul at i on

doubling tine, and grow h factor requi.renents. Undifferentiated nouse
cells, fér élféﬁﬁﬁpé?acélaﬁheb%“r?é‘firﬁr%ﬁtﬁgﬁ ‘Htfrcl?ﬁ’a?"ft?‘tjp‘é‘ﬁtﬁ%‘?ﬁ"&e‘czlfhf?ssl)f’ﬂ%eépendent

of feeder | i : o { . "Before

( Mat suda, et%ytgp.l h&% %88%&%2@%%@11%%1‘3922%0 - g&&&%ﬁ\iﬂé?gxﬁﬁén 5 cells wll

di f f er ent i attembplagation) spohgesuvert sodkad naJe% OH exdenighhipad veshetl thremed

medi um even jn the ﬁ §sence of LIF (Thonmpson (1998); Xu, et al., (2001) Nat
é.-Thus, di fferent mechani sns of response to LIF, and

LI F renoval bet V\q@gn%;wﬁgﬁ 1 NSBmkee cells may affect differences in gene

expression patterns observed in the transition fromthe undifferentiated to

the 10 doffer ent iPR@AMtragplls €1 X107 vese Iresuspendeds ip 58 9ilnofel d aix efepuiture

i f endot hel i al i differentiated hES.call
Folated o wefpand e BORicipisnl THAGRER ¢ Btk MY aRIARREAT o
cells or duggigndi ffcent RAG 90aafd Ricubalm ff 8geCdidallgRnforexdlittsoon) of

the undifferentiated State of hES cells kept in current culture conditions.
However due Moetrigelythef ¢cellahscatfoldsevase saplanted wbgutangensly ey therdorsad regio ef 15

devel opnment,, and di.fferences i { . Of e , the
pattern of %Wﬁﬁ‘se‘ﬂﬁéﬁ%w @%nﬁﬁ%@gjr g%%"?‘%)ﬂ%%m}qfﬁ@rsw g Féﬁiln %tizozlf e

di fferenges the iﬁ?%@sniw%f@ edtrievadl yixed Covepmgithil 1686 Buffdred Hotrinalin aa.4°Cur
prelimnary results indicate that growh factor cocktails (including bFG-
and VEGF) kreovhedded inRpueffinand seqtionpdifor distelogigakeXamigationn ni ce EBs do not
have t he sarﬁ eﬁfect on hEBs (data 20 not shown), pointing again to
potential di 8 ténces in the nol ecul ar mechani smunderlying this process

between the two SEisloghdlial agsheceRpressian niuringe hiBe diiffarentictionze Tevédolgserent al

" processes using human systens. The assenbly o evel opi ng vascul ar-1 i ke
structures codpirehd estlselremm chuapan; ?Fﬁb‘E’Bglcoiﬁ%/ ré?@g?] ,Ce@% ‘g%g]lﬁﬂa@af%gm@@?l s

acaul et NanglyaQbushal Bolehtls BP diElsinaihe IGrélsioR of eRudidhiat ApSeifibat the
capillary area in 4 S*1 Ncrease ri ﬁg subSequent maturation steps up
to day 13 stgenbd agl provsine diningchES diffesertiation. Spentasgnusut virm diffesgitiatieny- | i ke

The- i ner oash HORNAES P oPGh GXOREBAMCEIEDAS YBeR R AT RS Gihes
during EB di{£fGoidALd Qs Hm BlefifSusWiehibridifc ABDBIaEGMERffe8dsiGayeR and
placing them into petri dishes with culture medium lacking leukemia inhibitor factor
25 (LIF) and basic fibroblast growth factor (bFGF) for induction of EB formation
(Thomson, et al., (1998) Science 282, 1145-1147). At different time points during
the differentiation process the cultured hEBs were collected and RNA was extracted
for analysis of endothelial-related gene expression using RT-PCR. The genes
analyzed included endothelial cell adhesion molecules such as platelet endothelial
30 cell adhesion molecule-1(PECAM1/CD31), vascular endothelial-cadherin (VE-cad)
and CD34; growth factor receptors such as vascular endothelial growth factor
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30 nunber of endot heli cell s expressi ng PECAM VE- cad protei
demonstrated by anti bo’stai ni ng of di f?erentiati EBs (Fig 2t ::1383?.8
Ant i body ®® 03/0836@ U0/ 083070 PCT/ US03/ 09457 staining al so irdi/ossaw4szhat at
different stages of maturation, nost markers appear to be coexpressed by
the sane cells. These data denonstrate for the first time that human ES
cells, simlar to mce ES cells, can spont aneousl y differentiate and

organi ze in vit | - 11K
enbryoni ¢ 5 mgq{g& P HRISHVEGHR P Bredimes SPRSen, BIT agAdge >
mei ntai ned | ,\‘j %r %ﬂ‘i‘gﬁ@ Mf@' a E@lll b £A8 mhatRer 6f RFtilPh&fhtbpoietic stem

differenti at ant | bodi es have been used in the nouse
system for Im;ﬁb nitop Eeltn@elinser, el alg 6199¢) (iBaieonl odaplSa#90- S(I;z@em}gnam

Aot osol e TETR VR P! B LR SHRUS S RRRAE, B D ashan pure
of TUMAN 5 TBE Y Hfer? 1981 0LOR Safo2bt &, t(f@3)?&30bﬂtl§4c@%ck@'&ﬂlﬂw9&5%i hout

| osi ng endot ar acteristics. enbodi ments of the invention wll
be appar ent Wbﬁshﬂsﬁ €1995) Eslp Hentated 2ér99-ﬂ96r3%0h§6n9ﬁ4ie(%ﬁqoéﬁl%‘d P52
specification or practice of the invention disclosed 15 herein. It is

i nt ended t hab)-t he specification and exanpl es be considered as exenpl ary

TR b ) BSOS PRCOLL ot
CD34 increased during EB differentiation, reaching a maximum at days 13-15 and
10  indicating a differentiation process toward endothelial cells. GATA-2 was
expressed earlier and rose dramatically toward day 18. Unlike the mouse system,
the VEGF receptor -Flk-1- is expressed in undifferentiated cells (also reported
recently by Kaufman et al 2001 in H1 line), and increased very slightly during -
differentiation (Kaufan, et al., (2001) Proc Natl Acad Sci U S 4 98, 10716-21).
15  The tyrosine kinase receptor Tie-2 and the transcription factors GATA-3 are also
expressed in hES cells and their expression increased during the first six days of EB
differentiation and then decreased (Fig. 1, A and B). AC133 is expressed in
undifferentiated cells as well as in differentiated EB cells in a pattern similar to that
of Flk-1. The levels of Oct-4, which is known to be expressed in undifferentiated
20 cells, served as a control (Yeom, et al., (1996) Development 122, 881-94). Oct-4
expression shows the undifferentiated stage of the cells at day O as it is expressed in
the cells in high levels. Oct-4 expression subsequently goes down, indicating that
the differentiation process is proceeding in the EBs. Human umbilical vein
endothelial (HUVEC) cells were used as a positive control for the expression of the
25  various human endothelial genes. The MEF feeder layer cells were used as a
negative control, and did not express any of the human specific genes examined.
These data demonstrate an increase in expression of several endothelial cell genes
during EB differentiation reaching a maximum at days 13-15 (Fig. 1, A and B).
Some genes were expressed in the undifferentiated cells in either high levels (FIk-1,

30 AC133, Tie-2) or lower levels (GATA-3, CD34), and others became notable
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VWhat is clained is: 1. pul ati on of enbryonic en helial cells produced
in vitro from human enbr ic stemcells. 2. The poation of claimaO,
" wherein oni ¢ endothelial cells are 5 vascul ogeni _ <

popul at i ngggépéi m 0, wherein at |east 45% of the enbr yoir;l?y%é?)%@?ﬂel i al
cells express one or nore of platelet endothelial cell adhesion nolecule-1
(PECAML), GATA-2, N-cadherin (N-cad), vascul ar endothelial N-cadherin
(VE-cad), and von Wl lebrand factor (vW). 10 4. The popul ati on of claim 3,
wherein at |foHewideS9B Géridtien and differéntiationl @EEAMH, VEetdds GAIA-E3 Fignb Adr nore
of PECAML, GATA-2, N-cad, VE-cad, and vWF. 5. The popul ation of cl aim 4,
wherein at |1343)-65% of t he enbryoni ¢ endothelial cells express one or nore

of PECAML, GATA-2 ’ 5558k AR INE: ird diffePEnidang| BEBON Aalgdifion S,
wherein at | east oagl?gt?(\elgeesg%?gtgn%}cl endot het al 15 _'%Iel |'s ex regds one or
nore of PECAMiptheAdl spcifiv- prattin Wipression anday \\8. EBs inheaterb that aili BRs derdc| ai m

.6, wherein at Jeast _85%of the e |.c.end el cells.ex e or
nore of ﬁECA}ﬂﬁPc&&?&aﬁ?ash?"é’éﬁ?ng’wla dng .“%lﬁfemba@bsﬁﬁ 3??% 0 i1cI aim
7, wherein ositﬁféSAéelAlg,%ltﬁfvahBﬁs %H&th{él{ﬂl Gp&iHlOhGiking) indRlated ¥ 6B @Be O

nore of PECAML, 2, N-cad, VE-cad, and vWF. 20 9. The popul atjon_of
claim 0, whesnelothetibl-lilen sxpreSsing PECAME rapd y\lricad edbiesionenolgeules|at gell-cell

i ncor porate -LDL. .10. The tian_of clai,m9 rej I 5 %
of the enbr y%ﬁ‘?i‘o’én%@ﬁ Hd; é(P‘?gﬁﬁ:l@rﬁchﬁt& a(?gmachl\liﬁ%e 1%‘%’@%% %%%ﬁ ation
of claim 10,y h@ﬁﬂh@t:ytb@%% 3(15%9/@,% dnhg)e MEtHRthese XD Mekoérdetticlihl k| s
I ncorporate ac-CDL. 25 03/ 083070 PCT/ US03/ 09457 12. The popul ati on of
cl ai m 1110 wheerei motafouhé ast sifgleoasils tue ie rgseypsnpiganigerd in appefic chpmel-like -

i ncorporate ac-LDL. 13. e | at.i o | ai; ) ' 85% of
t he embryoni Whﬁ%ﬁ@l%ﬁ%ﬂg@%@ﬂg @b“?&@ cgg%%ﬁyatg@%_ﬁbgﬁgﬁng%%gﬁ%{yi on of
claim 13, whgrRidtial th eaddihdhledls sl dicvabreyenlike etairesl i al cel |'s

i ncorporate ac-LDL. 15. The popul ation of claimO0, wherein at_ |east 10% of

the enbryonic endBe Harthed swdy |thisexgspelenzatiopike processe HRpat AHSFNOAME| ai m
R e
“endot hel j sl ﬁﬂlrbﬁ:oﬁ%.pl*‘fgs 3 deRRstratés thii e papillhgtareninofeasddaduring Zubseiquenti n - at
| east 16% of mgttr:lgati%n srtgpgrll;pcto %Q}Cfi (it3.h %lnl (?ely tﬁePlElcsAlsI){ P {)gssxt?veccl%?lds' ‘were observed in
a low percentage of the EBs and concentrated in small cell clusters (Fig. 3A). From
day 6 on, some sprouting of endothelial structures that resembled capillaries became
evident (Fig. 3B). From day 10 on, 100% of EBs contained extended areas of
20 network-like capillaries structures (Fig. 3C). The positive area was larger at day 13
and the network structure became more complex (Fig. 3D). The time course of cell
differentiation and the development of extensive vasculature-resembling structures
within the EB correlates with the RT-PCR analysis which demonstrates the
subsequent increase in RNA levels of the endothelial genes PECAML, VE-cad,
25  CD34, reaching a maximum between day 13-15 (Fig. 1).
Endothelial cells derived from hEBs. Based on the analysis of endothelial
gene and protein expression, we determined the method and time point in which to
isolate human embryonic endothelial cells. We decided to use antibodies against
PECAM]1 for the isolation, as PECAMI has been shown as the definitive marker for

30 mouse embryonic endothelial cells, and in human EBs is expressed in vessel-like

structures in correlation with VE-cad and vWF expression (Fig. 2 and 3) suggesting
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15 19. The popul ation !cl aim18, wherein at | easQlB% of the enbryonic
endot helial cells expr CD34. 20. The popul ation claim19, wherein at
| east 20%waf o3td3s07@nbr yoni ¢ endot hel i al cells express CD34.p@l/use/digsue
engi neering construct conprising: 20 a cell support substrate; and "human
enbryoni c endothelial cells supported by the cell support substrate. 22.
The tissue engi neering construct of claim 21, wherein the human enbryonic

endot hel i al cells are vascul ogenic. 25 WO 03/ 083070 / US03/ 09457, 23
The tissue ety ribepuldgservhes raumariey for Jyuman 9%%%6&5@3&?1%43%2 Lihe

hunman enbryo i g%ﬁg%g%@e(llg%{) %g}¢el?é%’l%§52@ﬂ§4)orEgpﬁt%@flfﬁ%MlssoﬁﬁfE&; 2,

N-cad, VE-cad, I ssue ehgi ne€ring construct of claim 23,
wherei n at | e@agled 35 DiortdtentSlabeledantePECAMI entitiiies-radithe PEGAML peyitiess one

or nore of PECAML, GATA-2, N-cad, VE-cad, K a \Y; 5. The ti .
engi neering colsPcversisoredpsin Alow demry gﬁgi %gl't %85:‘%' 0 1@#2&:?1#@%31}1211-

embr yoni Cs en %hﬁ%@%@ %'flhlzggmﬁs el Broin WP'cAlthie, RRCAMbyedAfldin Xor khead,

VE- cad, I Sssue engineering construct of claim 25,
wherein at | @apfessiGobfendbibelialneeil emdkersnilsolated PREAMAIT ells {afistpieael one

angi neer i ng persgisuEn catu) andhIS8YE R el eibetedguil fuck i iabeled
enbryoni ¢ en %g{lg‘gdd ‘J"S\a}é{#f gé%ysze?ﬁg; AT ONEi D I4BTBREVS thabeAbilpresstorCHrbAile of

N-cad, VE-cad, tissue engineering construct of claim 27,
wherein at | s34 9686 Bik-1 fie iolated BRGAMHN celdmdvishpilarato dbg HU¥ESr 6dls- one

or nore of PECAML, GATA-2. N-cad, .VE-cad d . . ' .
engi neer 1y dBwEeFIgRL OfoPEQIAé\fIﬁ]ai’é @Swg’%@?‘ﬁgﬁt b‘;{t\e/\ggﬁhzmg%% X{)xjﬁgﬁ% R uthﬁwean'
enbryoni c enqgﬁtjglgg %IS%%? osﬁlasﬁ-a%@wm@- isdiatedtde$ls 78%N 0 Imadditiog to

construct of . ein"at |east 12%of the human, enbryonic
endot hel i al GRACS emplysiss €B34tuditl thee distsbwionenef nadhesiey dBASEYlES 1 DY

o el gots ikat BRI T O 8 oo,
at | east 16% Q. fiioRWFRAIGHEBNA Hicoasdqicaeiorial andethé endothelass-sERific VS
15  cadherin are distributed at adherent type junctions (Fig. 5, C and D), a class of cell
adhesions characterized by their interaction with the actin microfilament system
(Ayalon, et al., (1994) J Cell Biol 126, 247-58). Actin stress fibers are found
throughout the cells and end in both the cell-cell adherence junctions and focal
contacts as seen by double staining with vinculin (Fig. 5E). The tight junction
20 component, PECAM], is distributed at the intercellular clefts, and the endothelial
marker vWF is highly expressed in the cytoplasm (Fig. 5, A and B).
Take-up of ac-LDL has been used to characterize endothelial cells (Voyta, et
al.,, (1984) J Cell Biol 99, 2034-40). To evaluate whether embryonic derived

PECAM1+ cells are able to incorporate ac-LDL, cells were incubated with Dill-Ac-

25  LDL and subsequently examined by fluorescence microscopy. As shown in Fig. 5F,

embryonic derived PECAMI1+ cells were brightly fluorescent whereas the
fluorescent intensity of PECAMI- cells was at background levels.

The characteristics of human embryonic PECAM1+ cells were also assessed

by culture in matrigel, an extracellular matrix basement membrane that can be used

30 to promote differentiation of endothelial cells (Grant, et al., (1991) In Vitro Cell Dev

Biol 27A, 327-36). When PECAMI1+ cells were cultured on matrigel they were

20




WO 03/ 083070 PCT/ US03/0 33. The tissue engi neer| construct of claim
32, wherein at |east 189 t he human enbryoni c end elial cells express

CD34. 34.wglagmgsi0§osue engi neering construct of claim21, \/\/@g&ﬁ%ﬁsﬁ%sgeast

45% of the hurman enbryonic endothelial cells incorporate a 5. The

ti ssue engineering construct of claim 34, wherein at |east 55% of the human
enbryoni ¢ endothelial cells incorporate ac-LDL. 36. The tissue engi neering

construct of claim 35, wherein at | east 65% of the human enbryonic

endot hel i al gk k& sportiep@ilRt@rgditddn. cosd-likd sruttinss weheangaing@radriy cobiwest r uct

of claim 36, wherein at |east 75%of the 10 human enbryoni ndot.hel i al
cel I's i ncor pforaseeralcdaypi(Figa$, Grand H)- sélﬁﬁ%grlﬁéé?qpﬁga“éﬁﬁh“t%ﬁ? ool &P m 37,

wherein at | £25bn ﬁxgc%’%é%éd e DB IR qun%net?iic,@tﬁlm isﬁé%eﬁﬁﬁvé] $hat AKOEEILY at e

ac-LDL. 39. sue engl neering construct of claim erein at | east

95% of the huamntiRbipaciy Qo edidietdntibieabnd dbins tubedke etricaresc undir. suigbley. The
. tissue egi neering construct of claim21, further conprising a polyner

matrix i n¥useendiians. t he cel | support substrate. 41. The tissue engi neering

construct of clal HAlyiaphitoh gftﬁytmwgsns WRlo! ISCID OB, S €Fo Paa¥! ol | ¢
acid), collagen-g ycogam nogl ycan, collagen, poly(lactic acid),

pol y(I acti c- m@bumpmenmicﬂ)handetrgn(edrm;ldmbud)qellgmp@Mq@@pi@Zbyh@éordyt, |
Dol s 11 me. vive! el b sepist ot piebhpdifiy PEERMELCAT ioRRtlcitiner
pol yet hyl eneséﬁifﬁgdes) @&%@% )usegg.ls YOI P Hssue ngilebmar (Butifdng, et AL (1096l | enS\b

pol yet hyl ene oxi carbonate), and any conbination thereof. 27
03/ 0830700 PWEELt MBI, (R45). Spongereseedet witheminyenie idegvebRECANMT cells Wers m 40,

b o e DBl &b FASR: LA A4 R R s S
mesh, and shegf o ABdaysf)folsigR e ifflelideRElenitéaisindUailammatibawas 4tinindler ei n
t he pol yner trix 5°conprises a growh factor attached to_the polyner via
a menber of 3#mplants maintained in mice for at least 7 days became encapsulated by fibrous -
comnective tissue that was permeated by mouse blood vessels. Histological
15. examination using antibodies that are human specific and do not react with mice
microvessels, show microvessels that are immunoreactive with human PECAM1
and CD34 (Fig. 6, A-E). Some of these human-positive vessels had mouse blood
cells in their lumen suggesting that microvessels had formed and anastomosed with
the mouse vasculature, becoming functional blood-carrying microvessels.
20  Discussion
This study indicates that human ES cells, when induced to form EBs, can
spontaneously differentiate into the endothelial lineage, ultimately forming vascular
structures. Our data demonstrate an increase in expression of several endothelial
cell genes during EB differentiation reaching a maximum at days 13-15. Some
25  genes were expressed in undifferentiated cells in either high levels (Flk-1, AC133,
Tie-2) or lower levels (GATA-3, CD34), and others became notable following EB
formation and differentiation (PECAM1, VE-cad, GATA-2). In the mouse, these
genes are not expressed in ES (or expressed in very low levels that disappear by day
1 as EB are formed (PECAMI, Tie-2)) and start to appear only around day 3 and
30 later. (FIk-1 at day 2-3, PECAM and Tie-2 at day 4, VE-cad and Tie-1 at day 5)
(Vittet (1996); Robertson, et al., (2000) Development 127, 2447-59). Mouse and
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coval ent and a non-cov nt interaction. 44. The t ue engi neering
construct of clai'm 21, erein the cell support su rate conprises a gel.
45. The t M3 030830Yi neeri ng construct of claim44, wherein pow/usedeasnpri ses
one 10or nore of MATRIGEL'' and coll agen- GAG 46. The tissue engi neering
construct of claim44, wherein the gel further conprises a nenber of the
group consisting of collagen |, collagen IV, lamnin, fibrin, fibronectin,

prot eogl ycans, gl ycoprot ei ns gI ycoan no ans,, pr.oteinases, col.l nases,
chenot acti ¢ dgw S Gelsam eIS‘FHE’EE‘?‘g rPgP‘é/]ﬁ?o’&g %?@ﬁ’@ﬂgﬂ%%.

47The tissue Jégﬁe{g& é”%xfd?ﬂ‘éﬁeﬁﬁ'&&d ok Aells 2for éﬂrﬁﬂl@?cﬁoﬂ@%ﬁhﬂa&e&dsi qui d

carrier mxe Mo ce support substrate, The tissue engi neering
construct of iaidifferetiated celishiadependgutiod |fa@lealayleeefsgrowﬂef8&tms suainag LElo e

(070 bet waerPdRb i pHR QRIS ALal O8] P08 HrZoXm HOHAEh U y pe

Is at |east 1ceﬁ J ﬂ ﬁffe?e?ft'l%tee B%rWﬁHo&q@&lérLlﬁﬁero& fdedérMay s c@hﬁtﬁﬁ&ieﬂ the
ratio betvveent ryonlc endot hel i al lls and the additional cell type

is at |east 2tn6d1ﬁm56ve50mTﬁ3 piessge (ﬁn@ﬁnéﬁmﬂmondhg?ﬁ)ué@,m‘t al} 420013 NVar

V\/nerelnthertlob t ryQRi c end hellal cel |l

addi tional c @’6@ wa%%tl“‘ﬁeafgbsi dgﬁ crgyt mf s Bgfﬁggl%?atng@h@ggéﬂgww
52. The ti Ss%m%%l' BESeleR ImAskS ahd! Ghun®dn HSAkEND ayvagee ﬂlffdi@ldééltlho &rt ween
the enbryoni c endothelial cells and the additional cell e is at %east

7.5:2.5. 53. élidpmslsmnspmtemﬂg iohseeyddndn dbe dransision ofrom| @hemla@f ergniiptentor e
rati o betyeen 1ith 1%nt1atecr1 >g‘.?anglecofe tﬂg %E:l?s? | itails p%gslli)l% tﬁgtdgént} x%g&%mho(ﬁ‘aéndgﬁleilalt ype

is at le

markers in undifferentiated hES cells can be related to "escape” of some cells from

the undifferentiated stage of hES cells or due to different basic definitions (regarding

gene expression) of the undifferentiated state of hES cells kept in current culture

conditions. However due to significant differences between early human and mouse

15  development, and differences in behavior of mouse and human ES cells, the pattern

of human endothelial gene expression shown here might indicate differences in

mechanism of embryonic endothelial differentiation. Our preliminary results

indicate that growth factor cocktails (including bFGF and VEGF) known to induce

endothelial differentiation in mice EBs do not have the same effect on hEBs (data

20 not shown), pointing again to potential differences in the molecular mechanism

underlying this process between the two systems, and emphasizing the need to
analyze developmental processes using human systems.

The assembly of developing vascular-like structures could be observed

during EBs outgrowth, as soon as the cells acquired the set of endothelial markers.

25  The data also indicate that the capillary area in the EBs increased during subsequent

maturation steps up to day 13 starting from cell clusters that later sprout into

capillary-like structures and eventually become organized in a network-like

arrangement. The increase in RNA expression of PECAM1, CD34, VE-cad and

GATA-2 genes during EB differentiation correlates with the observed increase n

30 number of endothelial cells expressing PECAM1 and VE-cad proteins as

demonstrated by antibody staining of differentiating EBs (Fig 2 and 3). Antibody
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5 54. The tissue engi necgng construct of clai m 48, erein the ratio

bet ween the additional c type and the enbryonic othelial cells is at
"l east 9: }' e tissue engineering construct of claim ?g \éVnerel n the

cel | typew?gg(s}se j’e}’ct ed fromnuscle cell, nerve cell, conne Tyg0 Y1%43le cell,

or stemcell. 56. The tissue engineering construct of claim2l, wherein the

cell support 10 substrate is a tube and the enbryonic endothelial cells are
di sposed on an inner surface of the tube. 57. The tissue engineering
construct of sgimhgaies indi@ésathak dt liefférafiestiges af mandratiorny imast detledrs up;mar med

bl ood vessel, a synthetlclgolyner tube, and a coIIa en tu

met hod of prbqtfepmes;saécbw g SAme q«tutmrTbé@ ﬂ%talfﬁn\ﬂnt ﬁﬁrﬁ@F figne i
providing a 0 yeaQi t t SirfePghthiaCasd em
cells in the?18 §léﬁé§e C%lg’ 1&‘%3 erg%[,: ?% cs%P?rrg atgg&t%}er?ga on o%:&elrrbrym

bodi es cont aifianiret Meview! inuvedeldikenstaetres imadpaten #iat mgsdRtidédVkmbomnid ve
cells fromthe enbry0| d bodies. 20 59. The nethod of claim58, wherein the
step of i8ol XesubiEatigl-i ses: di ssociating the enbryoid bodies to separate
the cultured ste t sl fidifsingd BIORRIE SndéthdliA ckadel ed
PECAML anti body tmg??lu ‘i"ﬁ%“’ﬂ%@ﬁ?’t‘}ﬁg%ﬁyfﬁ on of the cultured 1satem cells that
are PECAML+; dativkdformeis edlis n@ffd&rhmhd?&ﬁ'ﬁd\ﬂ#oc FBCGAN antibodies bam bﬂen gsed

cultured stemcells. 60. The nethod. of er t he
menber of a MhJReIRUSRIYSER 4oK1 i)*’ft‘lot}o? aﬁ% ‘\gﬂ§/ &?& &2(9@})70
PCT/ US03/ 09150 ecidhGpihb sl it @ontwsywemsn ot 4B @atmarwueé ng

conprises: incubating a population of human enbryonl c stemcells in a
cul ture nedi entturarcd emﬂoﬂtehﬂtceﬂalﬁtqnaESyalbmdggrtegmiﬂngghelumherwfeh!lm%m

cells. 5 62. A nethod ascul o enesi s | | co
perform ng t 8 Fﬁét%ﬁn‘g’fm"i\"g?#i % AV Rg™ %“’i °s L']ﬁ éé"%ﬁi{% hela I's in
a menber of aplhoukidigarrier, a ceII support substrate, and a m xture of

bot h; and dellverlng the cell suspension to a tissue in an animal. 10 63.
The method of claim62, further conprising infusing olymer matrix with

the cell suspensi Sitheredrobastiments of e wyentipnewil h@gapmﬁép qsgskiledin dpe
Inserting Corgptrﬁ_grgsa Ecgmslcﬁe?e{tfoggofl #§ sfi)e%lﬁégﬁon rg%tﬂ’rll&lc% N Qn & hvAHioR Wisclosed

15 herein. It is intended that the specification and examples be considered as

exemplary only, with the true scope and spirit of the invention being indicated by the

following claims.
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64. The nethod of clai 2 or 63, wherein the cell pport substrate
conprises a gel. 15 65@he net hod of claim 64, in the gel conprises
one or nowe @Bfosdddd Rl GEL' ' and col | agen- GAG. 66. The net hodp@f/usd3aions764,
wherein the gel further conprises a nenber of the group consisting of
collagen I, collagen 1V, lamnin, fibrin, fibronectin, proteoglycans,

gl ycoprotei ns, glycoam nogl ycans, proteinases, collagenases, 20 chenpotactic
agents, growth factors, and any conbi nation of the above. 67. The nethod of
cl ai m 64, wherei n What igglaiiged Bur t her conprises allowing the gel to harden.
68. The nethod of claim63, wherein the polymer matrix has a shape sel ected
fromparticles, tu I hiedusdd @nsiro Gedih | Huadaw

net wor k, 25 ?li'l m [?;i)gglr?l?ﬂﬁggﬁFﬁ]gﬁgin&eeﬁ(ﬁw%b?a%h%ﬁnet hod of cl aim 63,
wherein the step amigbnivetenngllsonpri ses di sposing the polynmer matrix about
t he outside of a bl ood vessel. WO 03/ 083070 PCT/ US03/ 09457 70. The

30
nmet hod of claim 63, wherein th ol yper .matrix conprises r actor.
71. The methdd of Hieapap Bt,l"‘%/\ﬁgrcié}l Hﬁ@'bﬁf%%tﬁe feg%:%dflﬁlgsengg gg%“tegel rgltr%
epi der mal sgrowt h f\?’a%+196 eé.‘@‘gne nor phogenetic protein, TG-B, hepatocyte 5
grow h factor, platelet=derived gromh factor, TGFoc, IG--I and I1I,

hemat opoetic growth factors, heparin bindin grovy)th factor, pepti d&eﬁrowth
factors, and basi cThrpbpatitionof tlaim Sowhsreinatdeash4s %afshe cmbryopt gidgiieHal

factor (NGF), vascular endot helial -derd r ct.ar ) nuscl e
nor phogeni ¢ fact orceklﬁ/ﬁr&??esi@n??.r o or‘?eéﬁﬁtgl@fggﬁ%tp%llﬁaﬁnég ,aéhhérﬁgﬁer?ol%%?i“si ng
deposi ting the cel(pEFUSATNSGATACL NhadhdHie(N-sat)f /atubir eadodthbital N3adiitrn
met hod of claim 72, wherein the tube is selected froma nmenber of a

col | agen tube, a s(ME-had)i andoein Wallebranskifaetos 6&¥%F)-ul ari zed bl ood vessel . 74.
The met hod of claim®63 or 73, further conprising allowng the cells to 15

prolifer g]g?rp b/_? for e'[%g?fqﬂsu{]%%ﬁlggf tcﬁa%lni3v P at12ast 556 JFhESbAfontd &ldotnéfial

further ri'si ng e Céll's ' to forma vascul ar structure during
the step of all ow ggls efpresshiee drahbredf PECAMI NGATA-2,Ntdads VEamapy drgi viyF.

inparting a mechanical force on the cells during the step of allow ng. 20
77. The nethod of claim 76, wherein the nechani force is cycli . The
met hod of clafm 76 Thepemdation; of clavp 4, Jriercn ak 8‘?"5(t,§§$ /‘fsoééisg@k)@'d’r% Otﬁa’gl_glgroup
consi sting of hoppceifsreﬁé ss SREG M 0T PHECAME! GATA-2 ONSIall EVE-cad 04T €WE| Ve
stress, and tensil é stress.

6. The population of claim 5, wherein at least 75% of the embryonic endothelial
15 cells express one or more of PECAMI, GATA-2, N-cad, VE-cad, and vWF.

7. The population of claim 6, wherein at least 85% of the embryonic endothelial
cells express one or more of PECAM1, GATA-2, N-cad, VE-cad, and vWF.

8. The population of claim 7, wherein at least 95% of the embryonic endothelial
cells express one or more of PECAM1, GATA-2, N-cad, VE-cad, and vWF.

20 9. The population of claim 0, wherein at least 45% of the embryonic endothelial

cells incorporate ac-LDL..

10.  The population of claim 9, wherein at least 55% of the embryonic endothelial

cells incorporate ac-LDL.

11. The population of claim 10, wherein at least 65% of the embryonic

25 endothelial cells incorporate ac-LDL.
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79. The nethod of claim wherein the tissue is i emc. 25 80. The
nmet hod of claim 62, wher ‘the tissue is selected m t he group

" consi st nective tissue, nuscle tissue, nerve tis or gan
tissue. 3%)8;/0 03/ 083070 PCT/ US03/ 09457 81. The net hod g#g%@ﬁg'{)%ﬁ%é

wherein the step of delivering conprises depositing the cells on the inner
surface of a blood vessel. 82. The nethod of claim62, wherein the cell
support matrix includes a growh factor. 5 83. The nethod of claim 82,
wher ei n the dgr2ow THeapbpulatien €| elainedl If, r wherem derlesst % whh theachdiryorione

nor phogenetic protein, TG-B,_ hepatocyte ow h factor, platelet-derived
growt h factor, TGfé,dO'ih@g‘Ii’egﬁﬂw @Pr%%?ﬁ%gémet‘i c growh factors, heparin
bi nding growh factor, peptide growth factors, and basic and acidic

fibroblast grigwm h fiRCHepSaticte of Sclgi® WM WAGER! al QedshFs% y@aH! ledibryonic
endot hel i al -derived growh factor VEGF), and muscl e nor phogenic factor
(MWP) . 84. The netendothehaleels mcapordieiac-hBiL. conpri si ng conbi ni ng an
additional cell type with the enbryonic endothelial cells. 85. The nethod

of claim g4, erein the ratio.of th ddj tional cell pe. and the 1.S

enbr yoni cgenc}ot hel 'ha?l pggllll?téonr be%l?%e ¥ erﬁ’ﬁ’d""{B:I:gfafSk 8965% e teﬁg’ayo(ﬁccl aim
84, wherein the rahtéthefialichBs mdevpbiad-LDe. | type and the embryonic
endothelial cells is greater than 9:1. 87. The nethod of claim 84, wherein

the ratio of the enbryonic endothelial cells to the additional cell itagpe is
greater thanl19:1. Thy ropulatipe ofielema . Whereingt Inagil 0% b thsismbryenie endathel;

sel ected from con ﬁg b)ylggésl@é{p cells, nerve cells, organ cells, nuscle
cells, and stemcelTls. i net hod of producing a vascul ar structure, -

conprising: performng the nethod of claim58; suspending the isolated
PECAML+ cel | 461 n &heepbpulativn af| ¢laim dl5c awhérein, at 1845t CRI% «fu theo embsydusd r at e,

and a m xture of both; jnfusing a polymer matrix with the cell suspension;
and al | oW’ng the Mkﬁilgépﬁ%e’g’éesﬁr(ﬁﬁy“ferate on the polymer matrix. 32
17.  The population of claim 16, wherein at least 14% of the embryonic
endothelial cells express CD34.

18.  The population of claim 17, wherein at least 16% of the embryonic
endothelial cells express CD34.

15 19.  The population of claim 18, wherein at least 18% of the embryonic
endothelial cells express CD34.

20. The population of claim 19, wherein at least 20% of the embryonic
endothelial cells express CD34.

21. A tissue engineering construct comprising:
20 a cell support substrate; and
human embryonic endothelial cells supported by the cell support substrate.

22.  The tissue engineering construct of claim 21, wherein the human embryonic

endothelial cells are vasculogenic.



WO 03/ 083070 PCT/ US03/ 57 90. The method of cl ai 9, wherein the polyner
matri x has a shape sel ed fromparticles, tube, $Wonge, sphere, strand,
coi | ed stwanod/ossapi | | ary network, film fiber, nmesh, and skieBUS03®2457The

met hod of claim89, wherein the cell support substrate conprises a gel. 5
92. The nmethod of claim91, wherein the gel conprises one or nore of

MATRI GEL'' and col | agen- GAG 93. The nethod of claim 92, wherein the gel

urner comprLges TSRy SRR 28 Phofl ERRE v oo

gl ycoam nogl ycans, higimgh eémia§eic &lotiafian 28RS expflse @RDbAGhL 8P FEGAMI! OW h
factors, and any conbi nati on of the above. 94. The nethod of claimcl ai m

91, wherein the meHSEA2uN-¢ads VEorads andesWaL | owi ng the gel to harden. 95.
The met hod of claim 89, further conprising |rrp03| ng a nechani cal force on
the matri x dugjng 1 ow d I

wherein the rrgkéham&ggltﬁ%&oer é%%@%m%;f% ﬂﬁ%}éﬂ# N ea&ﬁl O?V\}%erel n
the mechanfcal foragmas &abgohiededdotielinheells cwtpretsmrmesbr rrgox@f ofl(RBCA?Mﬂ?SS,
shear stress, hydrostatic_stress, conpressive stress, and tensile stress.
98. A nethod of pr%@&%uﬁo@énmﬁmn cells in vitro, conprising: 20
provi ding a popul ati on of human enbryonic stemcells; culturing the stem
cells in the gbsen ] r@l’:ﬁﬂf f I

bodi es cont ai n| ng t eq%tsjﬁ urgggé%nthg%gg%ﬁ&t&f |g‘(l)l‘g{u?ﬁ{gd lgrgngtt%g/t)g?rgtrlgm d
bodi es cel I's that &humapoanbriyerict endothediabrceloreapress GhEAoR, métec afl PEEAMAG,

and vVWF. 25 99. The, net hod. of al m 98 erein the step of isolating
conpri ses: dissoci SAT2% Rec anghyiVEs to separate the cultured stem
cells; 33 WO 03/ 083070 PCT/ USOB/ 09457

10 26.  The tissue engineering construct of claim 25, wherein at least 75% of the

human embryonic endothelial cells express one or more of PECAMI,

GATA-2, N-cad, VE-cad, and vWF.

27.  The tissue engineering construct of claim 26, wherein at least 85% of the
human embryonic endothelial cells express one or more of PECAMI,

15 GATA-2, N-cad, VE-cad, and vWF.

28. The tissue engineering construct of claim 27, wherein at least 95% of the
human embryonic endothelial cells express one or more of PECAMI,
GATA-2, N-cad, VE-cad, and vyWF.

29.  The tissue engineering construct of claim 21, wherein at least 10% of the
20 human embryonic endothelial cells express CD34.

30. The tissue engineering construct of claim 29, wherein at least 12% of the

human embryonic endothelial cells express CD34.

31.  The tissue engineering construct of claim 30, wherein at least 14% of the

human embryonic endothelial cells express CD34.

25 32.  The tissue engineering construct of claim 31, wherein at least 16% of the

human embryonic endothelial cells express CD34.
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i ncubating the cul tured mcells with | abel ed ant (di es for one or nore
of GATA-2, N-cad, VE-ca nd vVWF; and separating c s that express one or
" nore of 3 cad, VE- cad, and, vW fromthe remainin stem
cells. 5%@.’/&,&0J’r}rket hod of sti mul ating vascul ogenesis in V?\(lrg}ﬂsg%ﬁ%ﬁ si ng:
perform ng the method of claim98; suspending the isolated cells in a
menber of a liquid Garner, a cell support substrate, and a m xture of both;
and delivering the cell suspension to a tissue in an animal. 10 101. A
met hod of pr odfici nfhetissus cmigbneersng genstuet of olapn i3, wergierat deasi h%t ¢ietheet hod

of claim97; suspending the isol er of aliquid carrier,
a cel | support suglé ? blgﬂﬂcgnﬁqtgglfﬁgelbﬁex@fﬁsﬁ "Mt using a pol ynmer natrix
with the cell suspension; and 15 allow ng the i solated cells to proliferate
on the pol ymes4 mat The tissud4ngierfiss Ahfstruét bf A&im A Adlerede a0 1A8N35% ofth8&3. As

% A&3.An .A'n .As %A33.A .A33.A3.An .A AF.A3.Ash3.A .An .A
. AsF. A&I 3. AF. A A fomembryomc endothelial cells incorporate ac-LDL.
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43.

44.

45.

46.

47.

48.

49.

50.

51.

The tissue engineering construct of claim 40, wherein the polymer matrix
comprises a growth factor attached to the polymer via a member of a

covalent and a non-covalent interaction.

The tissue engineering construct of claim 21, wherein the cell support

substrate comprises a gel.

The tissue engineering construct of claim 44, wherein the gel comprises one

or more of MATRIGEL™ and collagen-GAG.

The tissue engineering construct of claim 44, wherein the gel further
comprises a member of the group consisting of collagen I, collagen IV,
laminin, fibrin, fibronectin, proteoglycans, glycoproteins,
glycoaminoglycans, proteinases, collagenases, chemotactic agents, growth

factors, and any combination of the above.

The tissue engineering construct of claim 21, further comprising a liquid

carrier mixed with the cell support substrate.

The tissue engineering construct of claim 21, further comprising at least one

additional cell type.

The tissue engineering construct of claim 48, wherein the ratio between the

embryonic endothelial cells and the additional cell type is at least 1:9.

The tissue engineering construct of claim 49, wherein the ratio between the

embryonic endothelial cells and the additional cell type is at least 2.5:7.5.

The tissue engineering construct of claim 50, wherein the ratio between the

embryonic endothelial cells and the additional cell type is at least 1:1.
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56.  The tissue engineering construct of claim 21, wherein the cell support
10 substrate is a tube and the embryonic endothelial cells are disposed on an

inner surface of the tube.

57.  The tissue engineering construct of claim 56, wherein the tube is a member
of a decellularized blood vessel, a synthetic polymer tube, and a collagen
tube.

15 58. A method of producing vasculogenic human cells in vitro, comprising:
providing a population of human embryonic stem cells;
culturing the stem cells in the absence of LIF and bFGF to stimulate
formation of embryoid bodies containing the cultured stem cells; and

isolating PECAM1 positive cells from the embryoid bodies.

20 59. The method of claim 58, wherein the step of isolating comprises:
dissociating the embryoid bodies to separate the cultured stem cells;
incubating the cultured stem cells with a labeled PECAMI1 antibody to

distinguish the portion of the cultured stem cells that are PECAM1+;
and

25 - separating the PECAM1+ cells from the remaining cultured stem cells.

60.  The method of claim 59, wherein the label is a member of a magnetic moiety

and a fluorescent moiety. -
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"10%"& ()-"10% & six);pelﬂ%ggih(e)lséﬂt@%PEC(AMH cells in a member of a liquid carrier, a
cell support substrate, and a mixture of both; and

delivering the cell suspension to a tissue in an animal.

10 63.  The method of claim 62, further comprising infusing a polymer matrix with
the cell suspension before the step of inserting, wherein the step of inserting

comprises implanting the polymer matrix into an animal.

64.  The method of claim 62 or 63, wherein the cell support substrate comprises a

gel.

15 65. The method of claim 64,’ ‘wherein the gel comprises one or more of
MATRIGEL™ and collagen-GAG.

66.  The method of claim 64, wherein the gel further comprises a member of the
group consisting of collagen I, collagen IV, laminin, fibrin, fibronectin,
proteoglycans, glycoproteins, glycoaminoglycans, proteinases, collagenases,

20 chemotactic agents, growth factors, and any combination of the above.

67.  The method of claim 64, wherein the method further comprises allowing the
gel to harden.

68.  The method of claim 63, wherein the polymer matrix has a shape selected
from particles, tube, sponge, sphere, strand, coiled strand, capillary network,
25 film, fiber, mesh, and sheet.

69.  The method of claim 63, wherein the step of delivering comprises disposing

the polymer matrix about the outside of a blood vessel.
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76.  The method of claim 74, further comprising imparting a mechanical force on

the cells during the step of allowing.
20 77.  The method of claim 76, wherein the mechanical force is cyclic.

78. The method of claim 76, wherein the mechanical force is selected from the
group consisting of hoop stress, shear stress, hydrostatic stress, compressive

stress, and tensile stress.
79. The method of claim 62, wherein the tissue is ischemic.

25 80. The method of claim 62, wherein the tissue is selected from the group

consisting of connective tissue, muscle tissue, nerve tissue, and organ tissue.
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suspending the isolated PECAM1+ cells in a member of a liquid carrier, a
25 cell support substrate, and a mixture of both;
infusing a polymer matrix with the cell suspension; and

allowing the PECAM-+ cells to proliferate on the polymer matrix.

32



G'10%& ()- 'Y G 10924& (g eGH [: A410# ) 109R4& () z109R#& () -
y&I09RHE ()- " $3109R#&! $100R#& ()- 9 & 109+ M) - H J|[: AA10#

' 5109248 oR#& ()- 1109R#& ()- " L-z109R#& ()- F7
L9 Nnoweé’@ /08]3&-9#9\/\/\/&10 L, 1006%& ()- 4: @ 1006%& ( PeHR sz

F: ! 1096¢#& () : 102#102#102# ~, >109%2#& () - 5310%R#& () \Ab|[ vu410 °

O f 1098 () - 4 y$1096#& () - 0> 1096#& ()- " SHI0M®& ()- & ! 10 & ()- U
"1096#&' () -Hd| [:-410X# " 3y>10%#& ()-4 AS@@ 10%#H& () - s5S 10%#& () -
H8Of 109%¢#&: ()20 - 189 weefipd of «cl0ion@ Wheryig) hepolyxser mattixhas0v/sieipe)selectedYS

10% Q & M= %#

3510(% #: éz) 0- 10X#1 %%QSA%%)@?"“%%Q‘P%% srapd, qoiled strand; oapillayy petwork,
1 z10% #: & () - Q&l{ﬂ%#ﬁb& (Desh, SAMAKHE ()- " L10% #: & ()-P@[: AAL0X#
Y9-6'10% #: & ()- y&1"10% #: & ()-3 0>-f 10% # & ()- ‘L &' 10% :& ()-

CL, & 109%#p& () - pOl " 10904I& () - Y410 HE. - 100EHE q‘é

CF 1109%E#E ()2 Ivo: Themgethod of glaim &%Mww&hf( gell suppqrt gybsirai qOmprsy/ 7 gel1 0% #
& ()-8D|[:vU410 H " "109E#& ()-° 9! 109E#& ()- ~ 109E#& ()- "10% & ()-&

T3! 100&E#&s #1031 1 8 1 ()= &BL1OOERE () -
0r 0 100ERE (1 ) 8&@%@“& R e, BB B ve SUERD S
1090) 0& ()-f = Y"'s MSIRIGEL™ and 68HdgeRGAG@  S10% )" & () - 10E#10E#10E#
“F>109&#& ()-vO | [: vU410 o %10%&'() .9 g&lO% ). & ()-" >)10%& ()-

1098 () P OB ()00 @LO0B)08 (ool L] kil 0 0 Sl o0 Lo8 (1
?7@)10% & () - VU41%1'0 Oylgoﬁﬁé%in@ of cé’r@a@éﬁgi (Qo‘llagéﬂ: W%iﬁnﬁx%)ﬁguﬂ éﬁ}og %tg'l )

@10% ) & ()- x/)10%Ix&
>" 10%tk ##&' () Y ‘pﬁdtm%w&s,( glycoprQ(eihﬁs#gly@ammﬁ@lﬂ:ﬁmp(@temhées collagenases,

10 chemotactic agents, growth factors, and any combination of the above.

94.  The method of claim claim 91, wherein the method further comprises-

allowing the gel to harden.

95.  The method of claim 89, further comprising imposing a mechanical force on

the matrix during the step of allowing.
15 96.  The method of claim 92, wherein the mechanical force is cyclic.

97. The method of claim 92, wherein the mechanical force is selected from the
group consisting of hoop stress, shear stress, hydrostatic stress, compressive

stress, and tensile stress.

98. A method of producing vasculogenic human cells in vitro, comprising:
20 providing a population of human embryonic stem cells;
culturing the stem cells in the absence of LIS and bFGF to stimulate
formation of embryoid bodies containing the cultured stem cells; and
isolating from the embryoid bodies cells that are positive for one or more of

GATA-2, N-cad, VE-cad, and vWF.

25 99.  The method of claim 98, wherein the step of isolating comprises:

dissociating the embryoid bodies to separate the cultured stem cells;
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suspending the isolated cells in a member of a liquid carrier,' a cell support
substrate, and a mixture of both; and

delivering the cell suspension to a tissue in an animal.

10 101. A method of producing a vascular structure, comprising:
performing the method of claim 97,
suspending the isolated cells in a member of a liquid carrier, a cell support
substrate, and a mixture of both;
infusing a polymer matrix with the cell suspension; and

15 allowing the isolated cells to proliferate on the polymer matrix.
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