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pat hway dRér than humans. For example, much scientific work has been conducted with murine ES cells.

Once a method for the initiation of ES cell cultures for a particular species is worked out, it
becomes possible to manipulate the ES cells, and animals which result therefrom, in a variety of
ways to learn useful information about the genetics of the animal under study. For example, it
has become possible over the past decade to create cultures of murine ES cells in which one or
another specific gene is knocked out in each murine stem cell culture. While some techniques
that could be worked out in murine ES cell systems were transferable to other species, many
were not. For example, the basic techniques which could be used to create murine ES cell
cultures did not transfer well to many other animal species. For the development of techniques
for the culture and manipulation of human ES cells, the murine cell may therefore not be the best
model due to the phylogenic distance between humans and mice. However, in the course of the
development of the science of human ES cell cultures and techniques, much of the preliminary
work was conducted in non-human primates, such as the rhesus monkey. Other primate ES cell
cultures have proven to be a relatively reliable model for systems that could be easily transferred
to human cell culture. For an example, murine ES cell cultures require application of leukemia

inhibitory factor (LIF) or another agonist of the gp130/STAT?3 signaling pathway for
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invention in that it is relatively efficient to perform
BRIEF SUMMARY OF THE INVENTION

[0007] The present invention is summarized in that a method has been developed which
permits the direct differentiation of a culture of embryonic stem cells into a culture of endothelial
cells. The method includes culturing the embryonic stem cells in a culture medium previously
known to maintain endothelial cells and which, it now turns out, has the capability to support
embryonic stem cells in the process of differentiation into endothelial cells. ‘
[0008] The present invention is also summarized in that cultures of endothelial cells
derived from embryonic stem cells which have morphology and cell surface markers
characteristic of endothelial cells and which are capable of inducing vascularization of tissue j;
vivo-
[0009] It is a feature of the present invention in that it is relatively efficient to perform
since its steps are simple, and the result is a culture that appears to be a relatively homogenous

population of endothelial cells.



since its steps are sinple, and the result is a culture that appears to be
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support the differentiation of ES cells into endothelial cells. Wiile this
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cell basal medium (EBM-2, Clonetics/BioWhittaker). This medium was previously known and is
used to sustain endothelial cells in culture. It was not previously known that this medium could
be used to support the differentiation of ES cells into endothelial cells. While this combination
of growth factors has been found to be sufficient to support the differentiation of ES cells into
endothelial cells, it may not be necessary to use all four factors in the culture medium, and
whether or not one of the factors can be omitted can readily be ascertained by empirical
experimentation without departing from the concept of the present invention.

[00013] What separates this method from prior art derivation of heterogeneous mixtures
including endothelial cells is the relative uniformity of the transition of the cell culture from ES
cells to endothelial cells. Other methods were tried, without success, to achieve this transition,
such as application of phorbol esters, co-cultivation with stromal cells plus serum and isolation of
endothelial cells from embryoid bodies. None of these efforts reproducibly yielded cultures of

predominantly endothelial cells. In contrast, the method described here is simple and efficient
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cell culture is formed of cells having a uniform morphology and exhibiting the characteristics of
endothelial cells. Given the limits of present cell culture technology, however, it cannot be said
with certainty that the ES derived endothelial cell culture is entirely free of other cell types.
What can be said is that the ES derived endothelial cell culture is predominantly composed of
endothelial cells and is a practical source of cells which will act as endothelial cells to promote

and participate in vascularization of tissues when transplanted into a host j; yjye- Usinga

| common test for endothelial character, the ability to bind the {/7ex europaeus agglutinin 1 (UEA-
1) lectin, it has been found that reproducible over 90% of the cells in the derivative culture do
bind the UEA-1 lectin. While in some variations of the method the percentage of cells which
bind to UEA-1 might vary, in cultures of endothelial cells made by the method described here, at
least 75%, and more preferably, over 90%, of the cells in the culture will test positive for the

ability to bind the UEA-1 lectin.



and participate in vascul arization of tissues when transplanted into a host
in vivo. Using a comon test for endothelial character, the ability to
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[ 00017] METHODS [00018] Cell Culture [00019] Undifferentiated rhesus nonkey
ES cells (R366 4 cell line) were d BHE8s previously described (Thonson
et al. 5’ gﬁs Sci. USA 92:7844-7848 (1996)). Briefly R366.4
cells [were co- cu ured wth irradi ated nouse enbryonic fibroblast (MeF)
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cent 1 i {149 dppr8Rshately every 5-7 days. To promote endothelial cell differentiation, the medium
was removed from the ES cells 24 hours after plating and replaced with medium consisting of
EGM2, 5% FBS, VEGF, bFGF, IGF-1, EGF, and ascorbic acid (EGM2) (EGM2-MV Bullet Kit,
Clonetics/Bio Whittaker, Walkersville, MD). The ES cells were differentiated for 29 days in the
EGM?2 medium, which was changed every 3-5 days. Differentiated rhesus ES cells, were
dissociated with 0.05% trypsin/0.53mM EDTA (GIBCO/BRL) for 5 minutes, centrifuged, and

re-plated in EGM2 in 10 em tissue culture dishes without irradiated MEF cells. After 24 hours

non-adherent cells were removed and adherent cells were fed fresh medium. The rhesus ES cell-
derived endothelial cells (RESDECs) could be grown to confluence and serially passaged and
expanded in the EBM2 medium.

[00020] Human umbilical vein cells (HUVECs) (Clonetics/Biowhittaker) were also grown
and passaged in EGM2 by known methods.

[00021] Tube Formation on Matrigel
[00022] 0.2m] of Matrigel (Becton Dickinson) was added to each well of a 24 well tissue

culture plate and allowed to solidify at 37°C for at least 30 minutes. Following gelation, 0.2ml of
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re-plated in EGWR in 10 cmtissue culture dishes without irradiated MEF
cells. After 24 hours non-adherent cells were renmoved and adherent cells
wer e fed Woash4e3edli um The rhesus ES cell - derived endot h@lCiraisozsi2rs
(RESDECs) could be grown to confluence and serially passaged and expanded
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cont ai ni $1§ TEPeseptive vyells Toeom ORSEEPR¢ed on top of the Matrigel. The
cul tures were incubated at 37C/ 5% CO2 and observed at 24, 48, and 72 hours
for rearrangenent of cells into tube-like capillary structures. |ndividual
exper i meji0d23jer e pPEGK amdl bDFGRELSAcate and representative wells recorded
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[ 000251 &howntOf VERIGR onybl GO 2ihie (NESRE@salywrddywadiredetvic FRIOAassazitl &P+ free
PBS and det ach from.t Sfflé nonol ayer with 0.05% trypsin/0.53nM EDTA for 5
m nut es. SYPIFE S MIRRaPalie N 1's were centrifuged and washed with FACS

medi um consi sting of PBS supplenented with 2% FBS and 0. 1% sodi um azi de.
After filtration through 80-mcron nitex, the single-cell suspension was
measur ed[00025] i quoFbvwaCstatdgiyned with either isotype control or

antigen-specific agti ies diluted .ta a hiale,sQn [ At L, FACs
medi a. Cﬂf‘)’m@ur f acg‘bgﬁ)%i%ﬁé’ﬁergyﬁﬁée s‘?flgheia}\/aggcgfr?\/% yiﬁ%%lP ﬁg |(§§&3§ﬁd§goﬁl-l ggeeci fic
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(i ndirect stalning or fluorescentl|y-conjugated anti gen-specifi

, B
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(both Si g4B) sAuneliie 2A 1t filtraHiOR HERIESD-FRYSE nitex, the single-cell suspension was

measured in aliquots and stained with either isotype control or antigen-specific antibodies diluted
to appropriate concentrations in FACs media. Cell surface antigen expression was analyzed
using antigen-specific primary antibody followed by fluorescent-tagged secondary antibodies
(indirect staining), or fluorescently-conjugated antigen-specific antibodies (Direct staining).
Appropriate unconjugated mouse and goat IgGs (both Sigma) as well as FITC-conjugated mouse
IgG (Pharmingen San Diego, CA)) were used as isotype controls. Unconjugated antigen-specific
antibody against flk-1 (Research Diagnostics) was detected with a FITC labeled anti-goat IgG
antibody (Sigma). Unconjugated antibodies against VEGF receptor 1 (Flt-1) and VEGF receptor
2 (flk-1) (both Sigma) were detected with a FITC labeled goat anti-mouse IgG (Caltag).
Unconjugated P1H12 antibody (mouse IgG1, provided by Dr. Robert Hebbel, University of
Minnesota) was detected with rat anti-mouse IgG-FITC conjugated secondary antibody (Caltag).
The cells were also tested for expression of the VEGF receptor using a biotinylated VEGF Kit
(R&D Systems) and for their ability to bind the {7ex europaeus 2gglutinin 1 (UEA-1) (Vector
labs). Direct conjugated antibodies used were HLA-A, B, C-FITC (Pharmingen) and aV[33/cl
LM609-FITC (Chemicon). Human umbilical vein cells (HUVEC) (Clonetics) served as a

positive control. Cells were analyzed without fixation on a FACScan or FACs Calibur (Becton
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| gG (Pharm ngen San Di ego, CA)) were used as isotype controls. Unconjugated
antigen-specific antibody against flk-1 (Research D agnostics) was

det ect ed witod/0a03Fd TC | abel ed anti-goat 1gG antibody (Sigmax/usenseng ugat ed
anti bodi es agai nst VEGF receptor 1 (FIt-1) and VEGF receptor 2 (flk-1)

(both Sigma) were detected with a F|TC | abel ed at _anti-nouse .

(Cal t ag .101“mﬁflﬂéaf@éélm@dﬁm 45 d@ﬁfgﬁf‘é : Pg‘%a,‘mg'rsbg\/‘f'@e‘?@“bﬁid (&?.“Sﬁgbert
Hebbel , UEESbEW Rl BeloRTRSQh@h) Was detected with rat anti-nouse 1gG FITC
conj ugat ed secondary anti body (Ca?tag). The cells were also tested for

expression of the VEGF receptor using a biotinylated VEGF Kit (R&D
Systens) and for their abiljty to bind the U ex europaeus agglutinin 1
(UEA-1) 108d1 or  1BPAYROSHIPME conj ugat ed anti bodi es used were HLA-A, B,

CFITC F&ﬁ?m ngeﬂﬁnag%i% RV AcEtylatd NBOR réceptor (vab perfaamd. bytdifming ditbicl.Dial
vein cel'l's UVEC) (Conetics) served as a positive control. Cells were
anal yzedMalecibu Pratierini ssrinbfrea BEMZcaellsovers Aashechivwien gndiperhaisd avgrmpght in
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fl uorescence m croscopy rhodam ne filter). HUVECs were used as a
posi ti veemperhtuod for of® Bag] wikl pWas siaghedodndvioediatdddor 3hminutes irthpsasordary (v\WF)

DAKO) det d wth t i - it 119G FITC. i
K ErL b b g P oGO bR R hubRRAe s BRapLRyY, PG B,
W th V\Aﬁ{m@g%airpdggvéd%ld%gﬁdeﬁ&{uﬁﬂ mnutes in the secondary antibody.
After a final wash, cells were observed by fluorescence m croscopy (UV,

FITC filter). HLIVECS again served as a positive control. [00030] Matrigel

Plugs [ O In ex i ment SCID mce (Bal b/Scid, Harlan Sprague
Dawl ey) lﬁ&@h nj e H"g‘gg’li‘b%ﬁ aneously with 0.5ml Matrigel (Becton

a1 AT i e st
Vet 11 gel sUbqHeneprs i O-a%hggémi&e? @?@mﬁ%&nﬁw@nﬁ}m&_ ~ i ,'{]348§ 3#%‘2@@5
(S o) M o B B B e T e o1 Ugs.
St andar csoHdFied MateigelWdihe Matsigelplegsaned removed after 14, 21, 35, and 42 days. Vessels
were observed by injecting high molecular weight FITC-dextran (Sigma) intravenously a few

minutes before removing and fixing the plugs. Standard H/E slides were also prepared.

[00032] In Vivo Studies
[00033] Adherent RESDECs were harvested by trypsinization and mixed with the mouse

mammary carcinoma, C755 cell line. In two separate experiments Balb/c-SCID mice were
injected subcutaneously with either 1 x 106 C755 tumor cells, or 1 x 106 RESDECs, or with a
mixture of 1 x 106 tumor cells and 1 x 106 RESDECs. After initial growth, tumors were
measured by caliper every 3-5 days. Approximately three weeks after transplantation ail mice
were sacrificed for histochemical analysis of the grown tumors. Mice injected with only

RESDECSs failed to grow tumors.

[00034] Immunohistochemical Staining of Tumors
[00035] In the first experiment tumors were isolated and fixed in 10% formalin for the

preparation of paraffin sections. To prepare frozen sections tumors were fixed in 2%
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[00032] In Vivo Studies [00033] Adherent RESDECs were harvested by
trypsinization and m xed wth the nouse nmamary carci noma, C755 cell Iine.
In two separoabesexperi nents Bal b/c-SCID mce were injectedrasorsi2aneous|y
with either 1 x 106 C755 tunmor cells, or 1 x 106 RESDECs, or with a

m xt ure of 6 tu cells and 1 106 SDECs. Aft tial ow h
t Uror s vwefl %églwﬂsd et yEsre Bioapicd onko URFEOSLS L e Qﬂlynsﬁh m%&éck -
after traRenkadle(ecablailthe AE@kﬁ ve&sﬂ Ifabé“)%gctfdﬂ% w&éﬁ@%%%éa ﬁﬁl'exgﬁ@élafﬁl S

of the grown tundbrs. Mce injected with only

tunors. cpf(}@baﬂlasﬁhﬁthC§W%mtwﬂySg@hah anfgcara‘lﬂgﬁm ﬁ\f@maafa} \neqtot)h Mbugest

d 10%
o bpar aCEoH SrEl A 1. L Th R B0 gk ) e 60 af BBiee oS Ie B s wer e
fixed i npedkiddse WGBS QM@&IBQWﬁQ%ﬁE%ﬁBS&WCWI FRByse wékl sections

were nounted onto Fisher Superfrost slides. Using the standard ABC

t echni queupizstriaet with bemptoxylMBC kit, Vector | abs) sectlons wer e processed
for expression of HLA -class | A B, C (W/32 antibody, I1g&a) and CD31
(1gd@) (Novacastra, Vector). Muse 1gG (Sigm) and | g&a (Southern

Bi ot echnbezy]) werREB®RMSS isotype controls. The peroxidase activity was
visualized with a DAB substrate (Vector) and sections were counterstained

with hend@P®X3l i n. Pedesim Mpﬂsl@bmmmméhwatmmkem%mm helial cells
fromrh nkey RIS ggmg] LhBiEs

EGW rregltﬁﬂﬁiggnt ai %l?%u&\ﬁ/lggﬁ;cy %%%@Werg_@ lél I F as describe ?Eg}ja}f\y?.dg? S
and net higdE. andﬂ@rasajgpmdxdnmmteylaﬁ-ahd miﬂly@,s Aftes epESKinTdly S- Hhmsaﬁea ES

uni form mor phol ogy si.mm | ar t elon te r IIa e i al

ol | o " By B Bharp o G AR i iRt Bl Teieer Rt e Sflse
di f f er enfni cahesht] BX GelR dH6WE ﬁ@ﬂ@a@ﬁu@pgﬁkden&qwt}ﬁpm Blopk diFreent Bt infra
endot hel i al -appearing cells. The potential endothelial cells were serially

passagedleémag@ﬁa%@féldaom@latlap@rltbmmmopemﬂwghameamg erdlgh Thagoteniipl | e |
?;g‘t““ O} 93% %(]Y'eqelil%%é}‘e 1ﬂﬁ£ gsssg egfapgt%ggagl,%”(?ﬁes gﬁ%%fﬁét@l%fp epo'é‘lala 1%8'&%' b1k,

Mat ri gel wmasgdwmd E@‘MWﬁﬁnﬁxh&yiandeaﬁladﬂomofgmmﬁl appeaenks. KAs edpitihlaest of
structures ' Bcghose for by HUVEC or qther . endothelial cell
I

popul at i oretha RBEreriIgNy Psegf@lls BiatsaRiaspddn datrigslthsgrhmedismewhere daey
showed *Jﬂdlfﬁﬁ‘llnéd Iﬂﬂa%ehlé AAPIAR sthlERsSiTRAKEYse ¥ Brmied KR AIY®Sr othiES e

cytogenetfc results wer
endothelial cell populatlons when placed in Matrigel-based medium. Cytogenetic studies showed

all cells have a normal rhesus monkey 40 XY karyotype. These cytogenetic results were
important to demonstrate that these cells were not transformed after prolonged culture, nor were
they derived from potentially contaminating mouse embryonic fibroblast cells that are used for
the growth of undifferentiated ES cells.

[00039] Electron micrographs of the rhesus ES cell-derived cells demonstrate typical
endothelial cell features. These include multiple dense round or rod-shaped Weibel-Palade

bodies, tight junctions between cells, and endocytic/exocytic vesicles.

[00040] Immunophenotyping

[00041] Next, immunohistochemical staining of these rhesus-derived endothelial-like cells
demonstrated the presence von Willebrand factor (vWF), the ability for these cells to rapidly
take-up acetylated LDL and the ability to bind the UEA-1 lectin. Flow cytometric studies
confirmed high levels of UEA-1 binding, as well as expression of the integrin avf3 and the
surface antigen CD146 recognized by the P1H12 antibody. These proteins have been shown to

be important in endothelial cell-cell interactions. These results led us to call these rhesus
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I nportant to denonstrate that these cells were not transformed after

prol onged culture, nor were they derived frompotentially contam nating
nouse entwpaniogodi¢ br obl ast cells that are used for the gromUsIYE5278

undi fferentiated ES cells. [000391 El ectron m crographs of the rhesus ES
cell-derived cells d nstrate typic lial .cell featyres. .These
el ude iTTvF iR o GrhelBh e G ERDRERTc Tl ~Efeist Repiigipe
j unct i ongEQRLY¥REIrESk 1SndIRd BOSBEYhE HeeX RESDIECsYBSuEH BindingQO BABIEC cells

| nmunophenot ypi n 000411 Next, i mmunohi stocheni cal staining of these

r hesus- dwgs; ajasgw e an assey using biotinydatesh YECAt and seepndaryesiientasidiI TC

Wil leb kg i, dl ke-
acet y1 at o bEEL Sl Pl RESPRCIRM VRS o VSRR B i SR o, (e 11
st udi es deamkirateddy bloghinkevid & afti-VESFankibodl. rithis asulteddggess tupeites ilerantf

the integrin av(33 and the _surface antigen 46 recqgni zed by the P1H12
anti bodﬁméﬁé profiEil Rutibpdies did ot %fﬁ%ﬁvﬁa‘%td“%) e Fh?ﬁ%ﬁ’g%rh‘fedicﬁu% 198 Hwﬁ%Ff?lQ

Il -cell i el i I : . c
031 040515k RE P SaTET RERfiol R PR el Ip A pLeghiDR B8 FAPRARNS By 0
( RESDECSHESIZBEC prsuggestihy thaatltei aptibodies mgpnotstrosshreact. VOGEouree epis possibile kkat and
flt-1 did t. bi th Cs, .th h bi ndi HUVE |1 I
weak.  HOTEEH TR SOBSOTBRRG: Bt PRFSY EXpoeesoali bty ~
strept a\g&,%&g FI TC i ereOEbi deds 88 ditrr g REMPEC AR 1HMHekpfedbibe of CD31

Speci fi f this, binding was denonstrated by blocking with an
ant i - VEGRdIA-caduyin, thy sufage altigens ceyaenly, bitatot shiforedy.tfavndhen the shfaesoff | k- |

and flt-1 .antj.hodi;es,4di ot .craq react W | - iLve l1s, or
fhese ool SRUERIFLIR Pl PSS ARl iR SlRRNGS HEHACRASE, |

expr essi@eweerfdokrelstitdVofimodsb ES IBEAMCE] ersxloggtial dellg alsbahowhckof CD3diaad
may not cross-react. OF course, it is possible that protein derived from

ea ) e, 1t > §

this mRNAEicadisin g cesanepdetheliah selbporitione Mdiile 3 ¥ apdeVErcadieraty cariservRESDEC
cells d | EAAY ﬂ&ﬁ’ . LESH! : :
VE- cadh rﬂgirﬁvfe?ﬁ m%ﬁérgﬁaceﬁgérlllg%%ﬁkﬂg%%m fééglog)gte not lpgér%h@%rt%g@ %e?gg,ﬂ Otgﬁhatdhe
surface afls. endothelial cells. RT-PCR studies confirm absence of nRNA
expression of these genes. However, sone studies of nouse ES cell-derived
endot helial cells also shows |ack of CD31 and VE-cadherin in certain
endot heI[iogMﬁell pgﬂgl"g&ﬂﬁﬁ%"{&gE@@%ﬂénd VE- cadherin can serve as
positive markers : ' k of expression does not preclude
these bejoogd4indot hiviiad Tungtéan af the BESWECs Avgifasieseessesl toroMaRsbeice @ssays

Here, RESDECs were imbedded in a sponge that was suspended into solidified Matrigel. This

Matrigel plug is then implanted subcutaneously in a severe combined immunodeficient (SCID)
mouse. After approximately 28 days, the mouse was injeceted intravenously with a FITC—
dextran solution, followed by plug removal and imaging. This demonstrated intense vascular
localization toward the RESDEC containing sponge, a chemotactic-like event typical of
endothelial cells. From the appearance of this vascularization, it is likely that this represents an
area of murine vessel angiogenesis in response to RESDEC-derived factors. Indeed, subsequent
analysis of RESDEC supernatant by ELISA demonstrated a signiﬁcam level of vascular
endothelial growth factor (VEGF) produced by these cells. However, basic fibroblast growth
factor (bFGF), another angiogenic protein often produced by endothelial cells, was not measured
in RESDEC culture supernatant.

[00045] To demonstrate neo-vessels produced by the RESDECs, 0.5 — 1.0 x 104 cells were
evenly suspended in a Matrigel plug implanted subcutaneously in a SCID mouse. Again, the

animals were injected with FITC-dextran, followed by plug removal and imaging. Here, larger



[00044] In vivo function of the RESDECs was first assessed by a Matri gel
pl ug assay. Here, RESDECs were inbedded in a sponge that was suspended
i nt o sol iwofosedb3dat ri gel. This Matrigel plug is- then inpcantsezi3s27s

subcut aneously in a severe conbi ned i nmunodeficient (SCID) nouse. After

approximately 28 days, the noyse was jnjeceted intraven i FI TG
dext r an vassular sepctuey WC&AEGHB?‘&] E}}%ﬁ@ql}egjhlﬂlétg OELRU TG Y &#ﬁ%’ élugdgfflr?)‘ﬁs rated

i ntense ] lf gprckoward t he RESDEC contai ni ng sponge, a
chenot agglgcg?#!f%mg\l?{e}% ﬂt“iz/g?zgal of endothelial cells. Frgmthe appearance

of this [mﬁﬁgrl ar i N, dn demonitsitd thi ebijityt oERESAES ceipfoscoaitineie acea of

murine vessel angi.ggenesis.in_respon I f eed,
subsequ@hg g%}??é’lss@ﬁgn SMQ3EEhAKo %%B?ﬁi%%?@%ﬁ%% ag \grgr%ih s}?‘%g’t?({g gs gf {Hé
signifi (h?(?ﬁse L@WEharg cattiam Bie CEIRRERShjbatd grteutaheduabt dthef MBEFpr gr-oyestat by
these cells. Howeveéer, basic fibroblast grow factor (CPFG@U;I' anot hgﬁz

angi ogenvith g equévatens humbeneIRIBSIRECHy TwnaERyth wes mgpguLed gfaeeuiynivb's: Ay

i n RESDEC cul t ure. super . TR G, SInfjRPmM 906 RESDEL ed
by the B@C%?Wél.ggl%cfl.lggia%%g}%gggga\]?\%%&e)“ﬂgvenI yﬂgéusper}dedﬁifn a Matrigel

pl ug i NhRBle dlchy AElh@Neals layy nrasurallt Brnmgsewvthidemensimtieg thest erlls grevwgte

i njected th FI TC dext , foll . | | d_i i-Ng.
| A gor - drevty OBMDIOBIED Ty WD Was ety etk e tpmpiy we R selfe et
subsequ EE%B%@E wr@g%gggm@%aﬁe bbdafesiiMt Rbsdreabravetibsuy mdakdydut hot mdliseOn

by the to denonstrate the ability of RESDEC cells_ to
cont 1 i budetls) deabitdensonsangacgemibsiion toi theerdathehomsfrom the BESREG ¢dls. Stapogslise

nodel was used. Here, cells_of. th NDUSE, . C } ine. 5 were
i nj ect ek B@Hftl%r?@{ﬂﬁ’ﬁ fg}dfaﬂngalaqeﬁﬁga%pos(}%%%ga Wi ?]%%Indrggﬁi%e nt
number  of  BEARECSHmbWIRY-ir§éctt WithRESIEEStslie A endathellabcellsrin erers sledinetl from
tunors grew significantly faster when co-injected with RESDECs.

| npor t an€735 aloaswRESRE@sve fonfhess @Wigeone did not | ead to any measurabl e
tunmor growm h, denonstrating these cells are not directly tunorigenic.
These tunors were highly vascul ar and i nmunohi st ochem cal staining of the
tunors with anti-human specific antibodies (that cross-react to rhesus
nonkey but not nouse cells) clearly denonstrate a contribution to the
endot helium from the RESDEC cells. Staining of a substantial nunber of
endot helial cells was positive using anti-MAC class | or anti-vW

anti bodies in tunors co-injected with RESDEC cells, but endothelial cells
in tunors derived from C755 alone were negative for these antigens. -10
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WO 03/ 040319 PCT/ US02/ 35278 CLAIM OR CLAIMS I/WE CLAIM 1. A nethod for
directing the differentiation of primate enbryonic stemcells into

endot hel i &b 0a®i339 conpri sing the steps of (a) culturing aPcalusSor/as20$
enbryonic stemcells in a nmedium containing vascular endothelial cell

grow h factor, basic fibrobl ast I insulin-like growth factor
and epidermal growth factor; andg(g éﬁl@mhﬁ ng cells which have the
nor phol qayEQiT, othelial cells. 2. Anmethod as clainmed in claim1l wherein

the primate cells are rhesus nonkey cells. 3. A nethod as clainmed in claim
1 wherein the primate cells are human cells. 4. A method as clained in

claim1l1 wherein th iymifor th ul t.ure | t . into
endot hel i al |4§ae§tfogi§fgf ﬁ’ﬁ‘?qﬁl&&h‘?ﬁr@mﬁ%honsgpﬂlm c%&%ﬁf‘ygg% s?%% @Egrﬁel?bderi ved
from pr iquggtgemgmowngprﬁ@@lggdeb%f the culture conprising predomnantly
endot helial cells have the follow ng characteristics; uniform norpho| ogy of

elongated to stell(@te shapelfurpgs quliiee qimbryenie plemeiells h? medinyge t@BiEnd
factor, posi tive for the llit i kel 1BuAeskik ahes diPbadisb haniage e

capability to encourage a articrpate in° vascularization i npl ant'ed
invivoin a mmml. 6. Aigelih-likelgtawth faforemdephietmall groeth factdgranded f rom

primate enbryonic stemcells, the cylture conposed of cells er. 90% of
whi ch test positiv® for tﬁ%b-%qur}ntgy:eﬂ%w 1chdaye, elﬂ‘%@?ﬁc’l@@f 8%%@?“@3@ %1 nin
1 (UEA-1) lectin. -11

2. A method as claimed in claim 1 wherein the primate cells are rhesus monkey cells.
3. A method as claimed in claim 1 wherein the primate cells are human cells.

4. A method as claimed in claim 1 wherein the medium for the culture of embryonic stem

cells into endothelial cells also includes mammalian serum.

5. A cell culture derived from primate embryonic stem cells, the culture comprising
predominantly endothelial cells have the following characteristics: uniform morphology of
elongated to stellate shape, positive for the presence of von Willebrand factor, positive for the
ability to take up acetylated LDL, and having the capability to encourage and participate in

vascularization when implanted j;; yjyo in 2 mammal.
6. A cell culture of endothelial cells derived from primate embryonic stem cells, the

culture composed of cells over 90% of which test positive for the ability to bind the 7/7¢x
europaeus gglutinin 1 (UEA-1) lectin.
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