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CROSS- REFERENCE TO, RELATED, APPLI CATI ONS [ 00011 This application clains

pri ori t 00Rlom U. Tabe ftgmined.onal Patent Application No. 60/335,3 32 filed
Novenber 2, 2001. STATEMENT REGARDI NG FEDERALLY SPONSORED RESEARCH OR

DEVELOPMVENT [00021 To b%A%%E}iE)%egFTEQWHR OF THE | NVENTI ON

[0003] Stem cells are defined to be cells which are capable both of self-renewal and

differentiation into one or more differentiated cell types. Human embryonic stem cells are a
category of stem cells created from human pre-implantation blastocysts. Human embryonic stem
cells are pluripotent and may be totipotent, meaning that they can certainly differentiate into
“many cell types evidenced in an adult human body and may be capable of differentiating into all
cell types present in the human body.
[0004] Embryonic stem cells (ES cells) have also been denved in a number of animals
other than humans. For example, much scientific work has been conducted with murine ES cells.
Once a method for the initiation of ES cell culiures 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 ba_s,ic 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 mndude& in non-humar 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 éxample, murine ES cell cultures require application of leukemia
inhibitory factor (LIF) or another agonist of the gp130/STAT3 signaling pathway for
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.self-renewal and differentiation into one or nore differentiated cell
types. Human enbryonic stemcells are a category of stemcells created
from human pre-inplantation bl astocysts. Human enbryonic stem cells are
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for directing the differentiation of primate embryonic stem cells into cells of

the endothelial lineage comprising the steps of

(@) culturing a culture of embryonic stem cells in a medium
containing vascular endothelial cell growth factor, basic fibroblast growth
factor, insulin-like growth factor and epidermal growth, factor; and

(b) sub-culturing the cells which have the morphology of
endothelial cells to obtain a culture composed of cells over 90% of which

are of endothelial lineage as detennined by morphology.




proposed to direct stemcell cultures into |ineages of hensgppgioce, neural,
cardi onyocyte, pancreatic and other |ineages. These techni ques have proven
to be quite different fromeach other and independent in the sense that a
new and different technique is required for each new desired |ineage.

[ 0006] Endothelial cells make up a network of interconnected cells in the
human body that |ine blood vessels, |ynphatic vessels, and form
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[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 jp

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 bomogenous
population of endothelial cells.
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10007] The present invention is summarized in that a nethogb Amszdaeen

devel oped which permts the direct di fferentiation of a culture of
enbryonic stemcells into a culture of endothelial cells. The method
includes culturing the enbryonic stemcells in a cul ture medi um previously
known to maintain endothelial cells and which, it now turns out, has the

capabi | i two bsma®upport enbryonic stemcells in the pepesess:af
differentiation into endothelial cells. [0008] The present invention is
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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




be used to support the differentiation of ES cells into enzhsgnetdoal cells.
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what ever éne was inserted into the cells
s committed to the derivative lineage, i.e. to be cndothehal cells. The ES derived endothelial

cell culture is formed of cells having a uniform morphology and exhlbltmg 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 4, yjpp. Usinga

| common test for endothelial character, the ability to bind the {/jex 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 methiod 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 UBA-1 lectin. '
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derivative lineage, i.e. to be endothelial cells. The ES derived
endothelial cell culture is fornmed of cells having a uniform norphol ogy
and exhi bvd osngostshe characteristics of endothelial eetisassziaven the limts
of present cell culture technol ogy, however, it cannot be said wth
certainty that the ES derived endothelial cell culture is entirely free of

ot her [0efip} t ype¥hile thypxprplegbelow viss qongugted pyith rhesys momiey ESicellsgthbapamst hel i al cel |

cul t urgodesiedn@ SN 13 B bitaitARAREHADRS ceBY %Iukhﬁlehcﬂheﬁﬁ bdig aaidairema practical
source_of cells which will act as endotheli al | s to pronote and

parti cﬁsp‘:&%"ﬁeﬁm?a%%@ﬂ%@%WOBHSSB?SW%@EIGWE%’HF anted into a host in

Vi vo. tsdshiahiion 6PsRIRBe PR iis F&illd &'Héﬁfah@'fér@los&iﬁﬁ@ﬁ&ﬁﬁnw&&ﬁ ability to bind
the Ul ex europaeus aggl utinin 4 (I% | ectin, has been found that

r epr odiiHisrigatian ehischans H§sug i aced aqd,lpopﬁbe ’G@‘P‘i“%‘?ﬁ’?l"@@ ethelislgeds do  bind the

UEA- 1 ﬁ@%h&m%&%@ﬁﬁﬁ% bu@yrmte itpRvel vatdRipmbR decifte RREGRNt age of
cells which _bind to UEA-1 ht vary, .in cultures of endothelial cells

made BYePe Bheeloran begen | B’éﬂY Wét#@r» thig malﬂemwbl?%wfcgwaﬁamﬂaégepr eferably, over

90% Qlunbé€ ofRldtBelibiitelld Br GiichlékRrivehthtidn@SteaBRat. t i ve for the ability to
bind the UEA-1 lectin. -4 26 April 2006 WD 03/ 040319 PCTI US02/ 35278 [ 00016]

Wi | e the exanpl es bel ow were conducted with rhesus nonkey ES cells, the
same ‘processes and result can,ﬁ&mpﬁﬁ ned with human ES cells. Human
endot helial cells derived fro S cells offer the possibility to devel op
ti ssud89¥lanspMBTHOPE i nto human patients. Transplantation of endot heli al
cell's meuigd be @avighl € for those applications in which vascularization
of ischem'c tissue 1s needed. In addition, the jntroduction of endotheli al

cel | s [00fd9] be d@éﬁ‘f‘{‘iifen?%‘iedéh%?“ﬁ ragukey Bheeln(RAG4 eridipe) e @led pHy ed
vas ¢ ul iadviictiatl ierited (THRREAML 2l ProE Nall Ntad. rs&iegsgxswsaﬁ&swdlb%)paﬂeme grown in

any n hi s makes e the ge erafi e.. nunbers of

endot @?éﬁeﬁé&wwwﬁo il ?ﬁ ﬁgﬁ’"@? dﬁéﬁ‘tﬁﬂ%ﬁt EXAMPLES
onkey oo Eg’mgj":ifﬁg *”‘e“‘)@%‘f‘lw%‘aﬁe ooy descr i bed
(Thormaiea Oy ol Lmeickpiamancl SHERAIGHT oA AM 9 et Bl AH808) | b1 ef Iy
- R366. 41alokén) vwm&@m@wd&suw&emtdm}l xhﬂa@las@medium&mssegﬁaromrﬁbﬁ fibrobl ast

( MEF) s In di um nta nin % ¢l one, den UT), 2nM
L- gl ut™a¥i>errpxg e"%‘( dp¥sy %Pr"g?@)e en‘(‘?“f ?l: FEBH iR (Sigm), and
1% MEM43 @ioonssidi tha ES a¢Tisn9 haed &%r plating and replaced with medium consisting of

EGM2, 5% FBS, VEGF, bFGF, IGF-1, EGF, and ascorbic acid (EGM2) (EGM2-MV Bullet Kit,
Clonetics/BioWhittaker, Walkersville, MD). The ES celis were differentiated for 29 days in the
EGM2 mediwm, 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 cm tissue culture dishes without irradiated MEF celis. After 24 hours
non-adherent cells were removed and adherent celis 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 (HUVECSs) (Clonetics/Biowhittaker) were also grown
and passaged in EGM2 by known methods,

[00021] Tube Formation on Matrigel
© {00022] 0.2m] of Matrigel (Benton Dickinson) was added to each well of a 24 well tissue
culture plate and allowed to solidify at 37°C for at least 30 mmutes Following gelatlon, 0.2ml of
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(I'nvitrogen). Undifferentiated cells were fed daily w th faeesghi20e6i um and
passaged onto new NMEFs approxinmately every 5-7 days. To pronote
endothelial cell differentiation, the nedium was renoved fromthe ES cells
24 hours after plating and replaced with nmediumconsisting of EGW, 5%
FBS, VEG-, bFG-, 1G~1, EGF, and ascorbic acid (EGW) (EGW-MW Bullet Kit,
Cl oneti csi aoMBkd t aker, WAl kersville, MD). The ES cekkssidsgg di fferenti at ed
for 29 days in the EGW nmedium which was changed every 3-5 days
Differentiagted rhesus.ES ce soci at W t S%. r in/0.53nmM
EDTA” ( o HeRps b ot 2 s sl R aeT o b prlag e BB 0 70 om
tiss ughcamltﬁwmrdin&hﬁﬁd wi 37P@I50 OO, s bbadreed alBAEAT; QH 72 hodtk f(ﬂ:cfeaﬂﬂ:ghﬁtﬂ; S §

non- adhe wer e r erent cells re f.e sh medi um
U B R et RSN R e
confl uemnér@mﬂenmﬁmwaéllsyecpﬂscsmgﬂadtoﬂmbgmpk;panded in the EBM2 nmedi um [ 00020]

Human unbilical vein cells (HUVECs) (C oneticsfBiowhittaker) were al so
grown and passaged.in EGW by known net hods. [00021] Tube Formation on

Mat ri gel job@28P22] mman(mnusgel (Becton Di ckinson) was added tb each

Bt 1 castouG rutEIERrs RS PR By BVECE Su R P06 o

03/ 04031mmmppxsﬂaﬁaﬁﬁm0% iekkousssaprrbon(GIBOOKIsKad gf BB o DMEM | x 105

s7c159 GpaRaca s PaTRE: Rax PRt fondieaa O B piR Bt of coll s

into tuh&nﬁﬁigeitoaqmdvéé&aﬁcdlsrEﬁmm&umlalndesehddadazmgmbnmtSIhwere per f or med

in tripl ive recor e hot rography.

[ 000231 Aol 05?{%&%&@?%6’?%‘&% 5 BB R YA ORI £ 9 days in the
absence syftedw-MmneapobFEIN) N EGV, EGMZ suppl enmented wi th 10% Knockout serum
replacer (@ BCO instead of FBS, or DVEM supplenmented with 10% FBS. After
72 hours the conditioned nedia (CM was collected and centrifuged to

renove deentscel | FovECMdmangdi um al one served as a negative control. The

f |
(R & D OYWlns. Himecs ieraseq)id 55, SR Lr B 185 P a B bttt B resoece
wer e m%@dlmmhﬂawﬁ%mdswgmmmmminntes;léﬂ‘hadiwdgaﬁedmm nonol ayer
W th 0. O3k IaYPabh Walie® RMEECY Redifth constBidh 4 S subPiEmlh iR B4 S8k gl | 5 were

0.1% sodium azide. After filtration through 80-~micron 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 PYH12 antibody (mouse IgG1, provided by Dr. Robert Hebbel, University of
Mirnesota) 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 {ex europaens agglutinin 1 (UEA-1) (Vector
labs). Direct conjugated antibodies used were HLA-A, B, C-FITC (Pharmingen) and aVB3/cl
EM609-FITC (Chemicon), Human umbilical vein cells (HUVEC) (Clonetics) served as a
positive conirol. Cells were analyzed without fixation on a FACScan or FACs Calibur (Becton
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centrifuged and washed with FACS nmedi um consi sting of PBS Zupglamoented with
2% FBS and 0.1% sodi um azide. After filtration through 80-m cron nitex,
the single-cell suspension was neasured in aliquots and stained with
either isotype control or antigen-specific antibodies diluted to
appropriate concentrations in FACS nedia. Cell surface antigen expression

was anal we@obnadssd Ng anti gen-specific primry anti boggriushkbowwed by
fl uorescent-tagged secondary anti bodies (indirect staining), or

fluorescent!l y-cqnjugated.aniigen- cjfic.antibodies (Direct .staining).
Appr opr &’a@w%/m BEH’# ngfﬁ%@a 1‘?%6{? §‘gexgﬁ%p‘§6cg"teh?‘ d&a T‘gléﬁ"%wﬁ %Wﬁ% m%éls Wl as

FI TC- comjeliQ@kiaofinmt Bectoh Bkinkdanr m ngen San Di ego, CA)) were used as isotype
control s.. Unconjugated antigen-specific antibody against flk-i (Research

D agnostics) was detected with a FITC | abel ed anti-goat 1gG anti body
(Si gma) [odepnon] Ubminadostidkin®0odi es agai nst VEG- receptor | (Flt-1) and VEG-

receptor 2 (flk-1). (both Si re detected wi.h El TG | ed goat
anti - nod4¥28lgG (&E%Wésg% tﬁeﬁﬁ%@ﬁﬁ&%f@ﬁﬁﬁ?% ?‘Lt%}’a"@“?“r%odg?é‘ﬁﬁge , provi ded
by Dr. Reibesdar Peibbs in setimi-freePEM2y Cefls wivk washebiwice awdiscubettdotemighhint h r at

5ot odRRE P tn AREHTL A YRERE R B RSB b lorerechlP U0 Ve ©

Kit ( RedkrBysiyeli¥) rhadehifiediitet)nHUVEGhwere higed bipa jyisitide ¢dntrolUl ex eur opaeus

R el TeErmhPSr R e B L PERARE i BRLTBIRED e

unbi'l i ¢capatusti-nbliclgGFTTEbekbiERy aftBodynSigney ) Cale womw dixeband incphwtertat emcont r ol .

Cel ls re analyzed.w t hou i xat j . | . ' i bur (Becton
-6 26 KL r%halg/va% QWE%%‘%’ %@d%&gﬁﬂ ;§ @ c%?tgi%%%gﬁl%}g‘; propi di um

i odi de tantiteiy | Afcke a fied ovashp bdlls werDalbservecdhial uorescemaanicrascrpye(df Vo BET Cigieng

Cel | Que war e ecton.Di ckinson). [00027] | mmunostaini ng [ 00028]

-Anal ysi Wﬁﬁ%nﬁ%‘(&%ﬁ gP%ngﬁﬁflh@'ecept or was performed by diluting dilAcLDL
(Mol ecul ar Probes) in serumfree EGWR. Cells were washed tw ce and

i ncubat erni ght_.i EGW2 nmedi um cont ai ni ng di | AcLDL. After washing, the
cells V\j{?@g%bser%ﬂnﬁéﬂqgﬁorescence mi croscopy (WY, rhodamine filter).
HUVECs vjggos1jus ed linsncaxppasittiSCED mizn (Balii/Scid, iodadipragspades) srredtiesRh\w | | ebr and
factor protein (v DA ; Egﬁ ORal; -2k ipdspelt 119G FITC
secondarsﬁcéﬁﬁltleiogs(lo%lw%lggrra%gegqseftgﬁ\%g%&g?‘¥<Mg .a_c? I ncubat ed at room

t enper atAiseeonti@xpecimentives perforindd impiEring.a sivogt contaiging e RFRDEEs iBYth80 mi nutes in

the secq At 81 hy I %%n&"@i obgaryed by
fl uor esc%ﬁ@%%%%%gg%%yﬁ%p%ﬁ eﬁ&ﬂvﬁ?@ lﬁii%@l% agaﬁﬁﬁ served as a
pOSi t i vewepoubberadd 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 1x 106 RESDECs, or with 2
mixture of 1 x 106 tumor cells and 1 x 106 RESDECs. Afier initial growth, tumors were
measured by caliper every 3-5 days. Approximately three weeks after transplantation all mice
were sacrificed for histochemical analysis of the grown tumors, Mice injected with only
RESDECs failed to grow tumors.

[00034] Immunohistochemical Staining of Tumors
[06035] In the first experiment tumors wete isolated and fixed in 10% formalin for the

preparation of paraffin sections. To prepare frozen sections fumors were fixed in 2%
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[ 00030] Matrigel Plugs [00031] In one experinent SCID m cezd/Aai 20o8ci d,

Har| an Sprague Dawl ey) were injected subcutaneously with O0.5nml Matrigel
(Becton Dickinson) containing 5 x 105 -1 x 106 RESDECs. A second
experinment was perforned inplanting a sponge containing the RESDECs into
the solidified Matrigel. The Matrigel plugs were renoved after 14, 21, 35,
and 42 daysosovessel s were observed by injecting higaormshesm ar wei ght

FI TC—dextran (Si gma) intravenously a few mnutes before renoving and

fSlt )tji:lingst"l[} 3”0 033F Kﬁ%te@g%?“%ﬁ%%ﬁ@m%é%%@wm \e/rgés %éﬁﬁ %gséﬁg[ﬁgezsgﬁ“ﬁ%‘ﬂ' g-nélﬁ \r/n'ox ed

Wi t h t heAB® teskmiquetiVierSiaindilitecA O kip Ve@@’ﬂﬁas}:&bﬁonh ware prokcessddior cxpesioat e

ToR Gy p ot A BCAVRHS SoliEh 1o BEECSE AR RER Nl Mol | "5 "
t unor cdgﬁb(éhmh)inddgmg@dﬁﬁﬁlﬁmﬁechﬁhhgb wemuﬁeda!s isgymwoiirols Tiers wer e
measure%% on aﬁ%“%g/ g&éh:?édmtﬁlab%a Al?s%-at r%anégecgree weeks after

transpl were sacritreed ficcal anal ysis of the
gr own tmmltg"stamctmthhwp:etox)ém with only RESDECs failed to grow tunors.

[ 00034] | nmunohi st ochem cal Staining of Tunors [00035] In the first
experinment tunors were isolated and fixed in 10%formalin for the

pr epar at[DﬂﬂSﬁpf pRENULES sections. To prepare frozen sections tunors were

A sectVBHL v DeBHmal e ehdiosipup ke K pele. Loy ng the st andar d
AngC'égg Ho#o38e ( Velﬁzms;nanlfvy EB p:tlb WaB@rdwnt in Emmwm%]nméﬁ@hw&%r ;a ca)

P oos 20 4 RS Saaalin heghlr b feiiy, hadafbronil§sif sRR HAREK, 19

_g S;):Jt/ Ih te rmﬂﬁsmé hmaifooy yorphelogy sigibal tedonigaed grpbllgorhamsh snddﬁkeédgfl:lsgﬁis d \:;\12 (rae
i AT R ML A
endot hellegrogersPusgel papma Y yndeie poaritg 0aB3 8he s nonkey ES
Goscri pagialians e TRQLTLORMAUR koot Ao ppuitch ol 22, e
cells ammmﬂﬁmwmcﬁg@ﬁt@mqﬂmswc@m%ﬁ@dnlwlt@mﬂ | ate - shaped
endot el @il b charab e%lgpwe&%glis»ﬁetﬁ&leéﬁﬂ bdsbi BRI auBRy ement ed wi th

FBS al one erenti a nto a ero eneo popul ati o wi th no
di st i nctrapidly wimed fubs-likgspliary sigctowes $1mﬂar11wee ﬁgml@rW&ENEC or other

endothelial cell populations when placed in Matrigel-based medium. Cytogenetic studies showed

)

all cells have a normal rhesns monkey 40 XY karyotype. These cytogenetic results were
important to demonstrate that these cells were not transformed afier 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 rthesus-derived endothelial-like cells

demonstrated the presence von Willebrand factor (vWT), 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 ihe 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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endothelial cells were serially passaged and expanded for zguyric2tosat ely 20
popul ati on doublings while grown in EGW w th mai ntenance of a honbgeneous
appearance. As an initial test of endothelial cell characteristics, these
cells were placed in Matrigel -based nedi um where they rapidly forned
tube-like capillary structures simlar those fornmed by HUVEC or ot her

endot hel ivph ofxRéshe popul ati ons when pl aced i n Matri gelpehaspdspedi um

Cyt ogeneti c studies shovved all cells have a normal rhesus nonkey 40 XY

karyotype., These c r.esu or t o.demanstrat e t hat
t hese ceﬁn}b?"’gﬁftgmﬁé‘ig ?%@’Z”L\%@@?SE% g‘f’{%é E'ﬂf“f pics aﬁ%}’f’S% re they
deri ved W@mmtomﬂﬁmﬂﬂtﬁdﬂmmmlﬂhesa%ﬂmﬁ&ethemhwﬂmgm HUVECkERSt cel |'s

that are_us the rowt h of i f f iated ES cell s.. 39]
El ectron %algr it a goGF %{‘ﬁséa ‘ﬁ%’gbmgﬁ@t : ﬁrglse\? ’%#Earcyef“ﬁ?psmédé%gns rate
typi cal shemidniﬂdmlgmaﬂheRESIDE@ eald HUEC) &ﬂe%edﬁwyuﬁhasbhﬂih'g}ahaa dense round or

r od- shap i.b bod| | ctl n..ce and
endocytl% e%%tfl ybloc@?c\ﬂﬁh ﬁ%%%?’gpd no enotSll Fn\é@iﬁ'é‘t?ﬁlf‘f%

i m*runohlmmmmbﬂt-lwabddmm@dmﬁtctdmteectmﬁmshesksrdenadceilsdmrtﬂireeé dell - | i ke cell's

these: cerpeediapl GPGFSEal s SPCkARRL hon@ R sioh o st WA RIA o i na 1 ne

UEA-| | étﬂSDECs,Ehggmtmg thattbe aitibodSds mohy est crasorvhdt.r Qbebudse,gitis paesible ¢havf UEA- 1

bi ndi ng, xp Lon S$ and the surface
antigen (‘%?ﬂﬂ r‘r%%%%nrluﬁ%e glsﬁ%’te’prﬁpeiﬁ%?resg ?%%%h& &%e protei ns have been
shown t qoooag | npdhe EESDE(hcdndmdlffeiﬁ'caiHﬁﬁECcdialbylapkmfemeasmnnﬁcmlhese results

|l ed us t p&s ¢ i&ﬁf S02/ 35278
enbr yonlagds e%&%%?‘-s%gerl \}%ﬂu%egsd‘% ¥a ut%ﬂcezl fo%é%%ﬂe ur I‘IPSI ngly,
ant i bodiesdotizfjalicelist RITHRCR. $ikiak cordicre pbsamcs of inRNA eaprcbsxbnbﬁthesdg@emot bi nd t hese

RESDEGs, t\&%ﬂ% Q gﬂ%@moﬂsa%gvégd led éndgt‘ﬂ@x‘%{ c%ilssagso\g‘ﬁw\fﬁﬁgf gan assay

usi ng bi Ootl nylate secondary streptavi b| nding to
t he RESDEadbari intdvE@endpdiclid celSppulptions i W!;ulediD?tl fand VEwadbeiimepn werse denonst r at ed
by bl oc T. o t either

t he ant moaﬁﬂ%atﬂ&fﬁﬁ @dﬁgﬂﬁ%ﬁ\fge ?Tgl Ok?&%\és mﬁ% no &eil}e?)ss (Saeg%)ttﬁe\i/l\nﬁth t he
rhesus- dells.ved cells, or these cells express a di fferent VEG- receptor. _
RT- PCR studi es showed expression of Ilk-1 nRNA in the RESDECs, suggesting
that the antibodies may not cross-react. O course, it is possible that
protei n {Oedved fAngivgénesis from e SDEells' pr operly expressed on the cell

surf ace. l8¢?9%?42] The ﬁgéVE_ ﬁ%ﬁ@ﬂﬂ uggﬁ{s%segsre@m Mﬁgel%ﬂgla%a )y lack of

expr essi erin, two surtface anti gens co nly, but not
uni f or mHere, RBSDECowere inbedded fnorcspongk thateswad stshesidedintocelidified MEmigeCRhist udi es

confi rmabsEnGif &l Rtk h 2 SAERSoARRESmmunodeficient (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. Tndeed, subsequent
analysis,of RESDEC supetnatant by ELISA demonstrated a significant 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 108 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




However, sone studi es of nmouse ES cell-derived endot hel i al 264l ®o0al so shows
| ack of CD31 and VE-cadherin in certain endothelial cell populations.
Wil e CD31 and VE-cadherin can serve as positive nmarkers of endotheli al
cells, lack of expression does not preclude these being endothelial cells.
[ 00043] Angi ogenesis from RESDEC cells: [00044] In vivo function of the
RESDECs weg ofidse33¢ assessed by a Matrigel plug assay.pcridenz8s27)RESDECs wer e

i nbedded in a sponge that was suspended into solidified Matrigel. This

Matrigel pl th t.ed nmbi ned

 minodEFPURG SO <o SRR B ap A e R PSRG0T lce s

i nj ecet eggcma;tibmaﬁm;&hg/RBmECsa FI TG dextran sol ut| on, foI | oned by plug

removal and i mag g‘g[o ﬁ i Bﬁgeérﬁceéaﬁseto\é l}rHtthEactllv9ca|'zat'on
ineepRERg Bh e

toward HHW4EBSDECT chehotactic-l1ke event typical of
endot helangbgeﬁ@islvﬁﬂnnﬁmm mh@oapqﬂmﬂﬁﬁbm@ﬁ ol svas/uped e collaof®A, it s
likely that this re ese r @hlgng@gﬁgﬁgls in

r espons éR4RS PEEHEC Z@t%errsﬁj%f@%mg%%%é%g%en? anal ysi s. of RESDEC
super nawamtanbgmﬁlehsﬁnﬁmwsnaeecrumosgrg\wmwammsumé@te¢gubf integralsgndr

endot hel i al rom&h fa LRl rédeSEoraty. fos RigpeYer, basic
fibrobl JEROHEFEHS ﬁmﬁ? m(%ﬁ%i%ulgﬁ% egEg%d?ogeﬁ) )1ote|n often produced
by endohﬁe&mﬁ%meéﬂhsﬂmﬂﬂsmwm%wmuébummmgmmﬁlRESDEEWGQW@@P@héﬁEE¢natant

[ 00045] monst rat 1 B RS RE S Sinfhge- 1. 0. X 106
cel I's welf tFEW%%WJm% em &a%a %@?M&%glgﬁl mpl ant ed subgﬁianeously in
a SCD rtmmmOrsAghmm-hmﬁm speaﬂﬁn amibadiesethat crqsy-@eqtéurhvﬂuf WOlﬁ‘Pﬂ'@t&ét)@%‘ﬁ fol | owed
by plug remy ' S Bo Rl RESBRGMOSASAR49319
PCTIUSOé?@%g% 3@% gggs ﬁgﬁggmﬁ%%g'seenoane subsequent_ hi st ol ogi ca
exam nata mbntanﬁalninannbiﬂgldeih@imhdlls was positiva psingrntiELe slagsy] of 4E-RESDECSs. [ 00046]
Next nstrate d R biCen@leia El%lﬁﬂﬁx‘bfs'd@h%@ﬁbﬂ active
anglogeﬁ@ggngfvﬁmm$fo%@?g@#ﬁﬁ%?%%&%nothernSC 5 ﬁouse nodel was used. Here,
cel | s ofC75helonsvwars negativerferthescantiginnoma | i ne C755 were injected

subcut aneously either alone or co-injected wth an equival ent nunber of

. RESDECs. Tunor growth was neasured at regular intervals and tunors grew
significantly faster when co-injected with RESDECs. |nportantly, 106
RESDECs injected alone did not |lead to any neasurabl e tunor grow h,
denonstrating these cells are not directly tunorigenic. These tunors were
hi ghly 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
mouse cells) clearly denonstrate a contribution to the endotheliumfrom

t he RESDEC cells. Staining of
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a substantial nunmber of endothelial cells was positive usizpamin2dosMHC cl ass
| or anti-vWF antibodies in tunors co-injected with RESDEC cells, but
endothelial cells in tunors derived from C755 alone were negative for
these antigens. -10 26 April 0 M5: 1. A nethod for directing the
differentiation of primte enbry(gf&/l temcells into cells of the

endot hel i al Ilneage conprising the steps of (a) culturing a culture of

enbryoni c ste medi nt ai nin ul a ndo he ial cell
growt h fact ormlbg @loﬁ?ﬁ%ﬁqt‘&%ﬁ‘ &%Wt“ tp&é’?l?ﬂmg{ ”ﬁ’ﬂﬂ L’owth factor
and epi dercﬁmon{ecaﬁﬂ(ljthelifaﬁlﬁfe@ge,coﬁllpﬂmﬁg)ﬂw§ﬂg§s-(ﬁ’u| turing the ceI | s V\:hl ch have

t he norphol ogy of dot hel i al ceIIs n a c l.ture co osed of cells

over 90% of which e of l&walaﬁwﬁﬂ%ﬂofﬁmﬁa’a@eﬂa@c A meANd 999H8ohol ogy .
2. A method as clained i nyghadrehdotiwhiglrceil Qrowltlefaﬂﬁﬂ baatceibﬁxbldsﬁgrm fackesus

nonkey cells. 3. A nethod. a e the imate cells
are human cells. 4. A net WB‘@@%‘C&TO&%%&OW%&PIQF%% r faptpe medi um f or

t he C|U| ture of enbiyoni cI s@t@ﬁnm@th%cdlimmgh]@imuﬂmhm@ho oyl df enduktwetialicaltd udes
mammal i an serum 5. A ce tur erjve 0 ncstem
“cells, the culture conpri Eﬁaﬁgmﬂﬁ EWWQ?&GWF(&?B%E g‘?’%é?mm %0 | i neage
have the follow ng char actmloihsiial iseageias detarminedrby ptuphalogy. of el ongat ed to
stell ate shape, positive for the presence of von WIllebrand factor,
positive for the ability to take up acetylated LDL, and having the

capabi lity to @ndanethgkasaimeddactuinci phtreinithe printatadetls are dtesusmonkeycellspl ant ed
invivo in a mamual, wherein the culture is derived by the nethod of claim

1. 6. Acell culture of cells derived fromprinate enbryonic stem cells,

the culture conmposeahodds claimhddin dhirehdhérbie tegrinlaicreelge: loven cflB% of whi ch
test positive for the ability to bind the Hex europaeus agglutinin |
(UEA-l) | ectin, wherein the culture is derived by the nethod of claiml.

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 cells of endothelial lineage 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 ;; o in @ mammal, wherein the culture is derived

by the method of claim 1.

| 6. A cell culture of cells derived from primate embryonic stem cells, the culture
composed of cells of endothelial linéage over 90% of which test positive for the ability to bind

- the Ulex europaeus agglutinin 1 (UEA-1) lectin, wherein the culture is derived by the method of

claim 1.
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