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[0004] Angiogenesis (neoangiogenesis) is the process of new vessel formation
from pre-existing vessels; this is the process reported to give rise to new vessels in
adult subjects. Recently, bone marrow derived circulating endothelial progenitor
cells (EPCs) have been described and these cells have also been reported to play a
role in new vessel formation, at least in some experimental murine ischemic or

tumor models. Conflicting evidence indicates that bone marrow derived (EPCs) do
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endothelial cells based on differences in proliferative potential has not been

established. That is, a hierarchy of EPCs that can be discriminated by the
clonogenic and proliferative potential of individual cells analogous to the

hematopoietic cell system has not been reported.



[ 0008] Both hematopoi etic stem and progenitor cells
(HSC/ Ps) are enriched in unbilical cord conpared to
wa@cdwbi7gees | pheral bl ood. Cord bl ood is currentPgT/USEAS/004267
as an alternative resource of hematopoietic stem
[0008Fel | s f Both hemstppaistiasiemmndiprogenitencdls (HSOP< arﬁamm@hw in

BR85S TR T B s e
cell, aftkiaivd fe@&?r@{a @f‘ﬁemﬁ@ﬁ&let‘f@ﬁém cBﬁ@fdrYraﬁéﬁatﬁihdd‘kﬁf patients

patients are unab human | eukocyte antigen
(HI:vA)h @ommy bf)heamttalogtcaf @usondhl@ and aredighaneies. This is

articul true for, man hni.c |.ati
[0009],nger - r é‘ &8 P?ﬁeﬁg‘rﬁeflﬁx%esa B%?‘[Opgﬁ Igu P égﬁz E‘gtransplant
patd g &@arfNE‘é}lySQJ/ B o RleSaiBits lﬁ%jurﬁibw tb L dG R leultdd@te antigen

nost conpati bl'e source with the |east graft versus
hos(HlaPL)%amatlbI@Wmh fp@rﬂpﬂ irangplagh Jhis i pertioplapiy fmwg for many
umbi |l i.cal ¢o )
SOLFF]?:‘E BYP Uii@ $ aflg }m%efr'rﬁP '€ af\f?@?&rlgunng) %lug%tg | or/1gl 8%%?%81%

I Jafknts fiad dendle GRINHeLBUAg bfafd f[htl IostajoRipatible source with the
h| stoconpati ble match to the reci EI ent or is

ni Jeast grafiavergshestslisnsse (GYHD) eagiplieationgnd r epopul at e
dit d h t i ot
0010 s e 65 il GRTR Rl ol B e o rsc

t hefop @lﬁﬂczmtﬁﬂ@bl@ﬁtaﬁdn iWhdtharrnohthd dehércord hivod éca ﬁllbmhjor
by two or nore loci, the incidence and severlts/(g
GvHistpeompytiphy meichrie e TPeiRient orR niHaRIChiks eptdogdsells engraft
transpl I
e VOB A S ey a ot b o TR a0 Cohgenital o
[ 00RYkired hethitalogindisdrdera. Boereifuhalespbiad grafeisahisomtdied with
bIoodfor transpl ant incl ude e fac thaté](}gi @
i nihe seFimemithyr Weror RREe Jofd: tg?H{f POV PIALY, %IF{J Sént
' n sq 195 lérlegecﬁéyﬁﬁt B tveR 2 t?e@fs@laﬂ@ﬁ&?&f DRYB1afly mismatched
che I'"'ng donor, nost cord grafts are
tramﬁzﬂﬂramt@dornmbﬂmeépampﬂaedbﬂ@dgmﬁnt s. Milti pI e ‘
tudi es r ort that the bse 1,00
[000113r aft isk lfatt‘iOB%\F ?B’Prep‘éﬂ‘féé?ﬁ:a W \987 %cﬂfo(rﬁ @Jﬁﬁltmdude

co nﬁ'l% fgld"[ @Rt 3H1 Iﬁit@d REmIGHIHS T hidSrdbéitior 'b@l'lsaéré Present in a

mortality I's reported as 20%in rem(g;ents
obt giafteBecausomdstyiationts goait hapietamatche 1bdlrng)®n@mnqst cord blood

cell s/ kg ver 5% i nthoerece

col PO fra oS R AG a FEPREY fB B gy tat the
expasd Jrepsl Blb&p@eué%a%aﬁ/is\c@uw forpdtRasQirviel wuéfbme graft
of cells in a graft, would be a major advance for

cl i pomed fromangiprelated dorny. Braasnlentirelated weorkality jsgapariedz§:20% in

ﬁlggr%ipggﬁ%}l%ﬁolﬁgwgd %%ggﬁéé%ﬁgﬁﬁ@ggg 3: R 1@)5’ b?)ﬁl-k%gﬁs/kg versus

st udsBSin tidssd kédeﬁnn?fev@r ‘@&Jﬂ%tc)éllﬁfn tbe it Firﬁﬁﬁgu ﬁlethmd to
cord bl ood nononuclear cells or isolated CD34} FI s

has effeattyelyxpandead bigadHB G er asde mckeasethg) nuer&er of cellsina
n u mhe :?? Pd Y mia O‘g)é ﬁ%{;‘ﬂlcg By c]hﬁﬁ?éai tr &E@&%aﬁpﬁ?ﬁ& Souff¥hve a

erm pr engr a
imTEirgﬁﬂREmCdoﬁﬁhex(:Maﬁ&D) m ce or fetal sheep.

However, i ) )
[00012] Approaches to cord blood HSC expansion have not been impressive. In

most studies, addition of a variety of growth factors to cord blood mononuclear
cells or isolated CD34" cells has been correlated with increases in total cell
numbers, colony forming unit cell (CFC) numbers, and in short-term progenitor

cell engraftment in immunodeficient (NOD/SCID) mice or fetal sheep. However,
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are characteristic of hematopoietic cells, such as
CD4 Jordgtergmnipg both the origin and function of EPCs in maintaining vessel

integrity. EPCs are therefore readily obtained for clinical use e.g. grafis, either
from peripheral blood or from biopsies of human vessels.
[00015] Isolated endothelial colony forming cells have the following characteristics:
(a) express cell surface antigens that are characteristic of endothelial cells,
such as CD31, CD105, CD146, and CD144;
(b) do not express cells surface antigens that are characteristic of

hematopoietic cells, such as CD45 and CD14;
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to determine the type of endothelial cell e.g. HPP-ECFC.
[00019] A method of enriching for HPP-ECFC includes the steps of:
(a) cell sorting of biological samples using a specific sorting method; and
(b) culturing of single sorted cells on extracellular matrix proteins under
defined conditions.
[00020] A method for expanding hematopoietic stem cells ex vivo, include the
steps of:
| (a) culturing HPP-ECFC cells on collagen coated solid supports; and
(b) expanding hematopoietic stem cells (HSC) by co-culturing with HPP-
ECFC cells wherein the HPP-ECFCs are derived from human cord blood cells and the

HSC cells are derived from human bone marrow.
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differences 1n the size, frequency and tine
appeartilics vhietand dumad Labttlcawslse&ﬁo (EIC'b Lopd hemIHPB@GEﬂS appear in

cel | oIon The s obs
a8 ShRENY piskie orEvibgh mob ks R Wb Ttqadd horeas
WO 2Q0kH6AA > -BCFCYRR 9% P4 Before 14 days after plating.

[00037] Further, cord blood colonies consistently appeared larger compared to adult

colonies (FIG. 1). There were distinct differences in the size, frequency and time
of appearance between adult and cord blood endothelial cell colonies. (FIG. 1,3,10)
These observations show that cord blood EPCs are composed of HPP-ECFC, LLP-
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ECFC, and clusters, whereas adult bl ood EPCs are
conposed of LPP-ECFCs and clusters. [00038] The
wa@ eooploggoe3 hi er ar chy of HPP- ECFC, LPP- ECFC, cl urtBUS20851004267
mature endothelial cells can be isolated from any
bl opdrressetiubirsdwhbrhdiulEsIsEd EPOs ald@08tposd QOIH-ECFCs and
EPCs can be identified usi ng simlar term noI ogy to
t hatlusieist i zed for defi ni ng henmat opoi eti c cell
rogeni tQrs \ 0
[Ooomﬁubsequercﬂl §§ gée %%raréﬂ %ﬁ?ggiggfe o(tr: sCh?slﬁérs and mature
add bﬁdo@lﬁhliapcélﬁniaﬁbb Rgpldted ﬂomemg Ib(ttafdyvesédH’Bl a EGngInanh@ulian
proliferative potential -endothelial colony form ng
cel flenqry pp- ECFC) arising fromsingl é cells form
oIonles [ o r: : I
10003610, °F o RER4 a0 RERR ABPYRAL IR G b (ot s 9
rep Idaﬂimng hemh@pouttic celi p@gcmlms (FAGe g IARIECGH Csr:givd: r1se to all

cel Ribcequsty Shecsalands el proeiistrsih i dtioE R epfifing fto secondary
CON{PPOREEESS. Ld%@?ro@@erﬁﬂé tenaﬁﬂeﬁdbtmial ESIBhR R mitg&ells (LPP-

colonies or clusters Hemat OﬁOI etic stem and
pr o@éﬁ‘ﬁ) @nsmglﬂcsn ameleem}lis &mdvoaqm iqhcepintagm grgater than 50 cells,

adu er intrigyin

B SRR B BAEY ahR ol BB They
urtbi iolvieG Rk 16 BAdbIIRY BeITAIRakElsd hard0ktilg)e Firplig) aidothehal cell
bl ood Further, cord bl ood derived EPCs contain hig
| evelustess canerisardioat e siagieicgll byt copfiain fess s 54 selluArd %not replate
the these cells can be expanded for

Iu&g%ﬁfcﬁll%g Ogglcl)%%?statl on doublings w thout obvious
[00046] gns of Hephdtopmretestanaad pﬁgemltt& csilngeendehdd inluentdlical cord

some cord bl o EPC- derj ve s can b anded 07
to f@@@@éﬂ@a bpetRet hippe @g@lﬂtﬁguegw STy Rt g hat BPCs
TRk 8% SAASHHASh LkiIRAPARE I oBipiRH4D BalPbLrdtERl blood.

sim ar growt h characteristics or
cl oFogher, corddpaad dlqnved:lﬁiﬁCa@t)ehamzlagh tﬂvelsfof deldoetaed acaiwty, which

cor cFB1 560 JU0E PORSEY TOM A S1e5% RIS Bt 5 ot Least 100

whi Lgpimaiish abubings W"thSﬁ‘tcBﬁvhﬁﬂs isfbns 684411 seRBRRBAEY PE: thé Bingle cell
contrast to previously described endotheli al

pr ogewﬂ tsomecerd 19,1op@ EPStdstived eelin qapbg espawsigd 10hto 10" fold. To our

pre invent i 2]

OB R el 3 BRs ol by el s
and bRERBRAN fied @ith BEnitat grew@dhbacteristics| @ @dnogefc capacity.
popul ation doublings and expanded exponentially even
when beginning with a single cell, Further, th
c Fharagterization of eadothelial celk eplonias (EPEs) lsow@@! ﬁrpen human
surface antigens, CD45 and nost al so do not express CD
14mbliitalleotd BMod005/ 078073 PCT/ US2005/ 004267 not
form hemat opoi etic cell colonies in methycellul ose

[00043pSays. |@eIRAMrE eRPhnded culture while maintaining an endothelial cell

phenotype. In contrast to previously described endothelial progenitor cells isolated

-t

from cord blood, the present invention relates that cells isolated from human
umbilical cord blood, i.e. cord blood HPP-ECFCs and progeny, can be cultured for
at least 100 population doublings and expanded exponentially even when
beginning with a single cell. Further, these cells do not express the hematopoietic

cell specific surface antigens, CD45 and most also do not express CD14, and do
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HPP- ECFC progeny rapidly formvessels in matrigel,
upregulate VCAM1 in response to either IL-1 or TNF-a

wa@tiosorsars on, and express endot helial cell sperCT/U82005/004267
anti gens, which confirnms their endothelial cell

| denbi fo¥m hERBEHofeticlcBll \BToies GefetiyaéiRtodd d3bhys. n addition, the
proliferative potential -endot hel ial col ony fyorm ng

cel HPR-EPPC prgEayyrapiihobar vesglsdn plagigsl, HFPPe@@Eeé’CAM 1in

adureobreds gtk of EREhSbbURid) ibpterenip gl el specifi
and aiddik SwhiRdehMeds tﬁblr efddtsolial V¥ 1H8ntﬁgd qih@seé deflk s wore.

progenltors are reported to express ACl

FI k desigppedHoBlT proldgatiye a@i@n@da@né@tb@awomyéomng cells (BFPP-
fre bes of cells expressing AC133, CD34, and Fl k1l
ant i §’and, therefore, these cell surface markers

[00042f0 not pelord blodU FTPT-HCFas IdMOﬁsftraC@gﬂeSteﬂ\tebhcﬁi\feﬂ@ﬁdtidl compared
proliferative potentials. [00043] Endotheli al

out de aditlhbleed (whigh a@aﬁomnfaéeq of I UEC@@e RRusters; and pghurer e

)
01 o ARl B MBI PSRRI b RO AR AC133,
( hovaD3, andEEIEldHPBLHyF(E pyepeny eth@Oqfro talyatigglag simikdo
Pgélf&[eg %l}%if‘g Og 2‘% %&%%g%%%%bgg @gﬁg&@%g@g@ens @@pd, therefore,
c O”tﬂ‘iéé Gell HP&CEGE&&@ 16 18t Sifit! RSB RMARTL S 1S Gath afr‘ffg&g

, emerged five to ten days after culture o
corqbrddifenadepmsnﬂms conpl ete EGW 2 nedia on tissue

|t t I {
100048851 ot b etef et fitleiabBiie b BF glns ot LS o
" copNes iMied fioRI ang é;agyh&al RosiPidedre harg@bdifed(Uy threir

1). The norphol ogy appearance of the colonies was
si mepcacpnqnbal mwtlums)tuirﬂ chovravemEQGdisplay éwwgve;ls of telomerase, do

descoﬁﬁlk %g;ijeg% glrto %quﬁary %’ ]5)(513 aggldqg&%gﬁ@ga\fﬁg gen%g-énce long

col ear St nc rom a

Ci I tidtoré TRY-ECEO). flﬁ|cloﬁirasﬁ: PR EOF OB eidifies huliag umb1110a1 cord
HPP- ECFC col onies are large and are conposed of

mi x toleas MNCspamerged dive to teani@y% sy culiyg of aw@éﬂf%}\’%@fé@
Uy 8L EESHEA o N Ok BRI OAPRBT o

wer G)1§¢rbixemﬂheremcbeﬂrud>lm¢saapﬂeam‘ect aid displeyddvbe “éobbibastdne’d e

F oS TsiBhaliey ResuiatanIR S G ow f KTl Miapgrarance of the
i ni tc'oﬁJmé%%a%%ﬁﬁﬂaﬂtB ebtﬁ%llﬁtiﬁctf %rﬂeﬂaﬁ'ﬂ}eﬁbﬁs}iﬁ H@sc?iiaed gor adult

spindle shaped cells wth "cobbl est one” y
| mmpedphaaldilopd deyived QT edlonisatnd ¢lharly éﬂstusct lfmnﬁ @dhﬂrgnt

55 O L5 el SR e e

2 a,anfare 84 bSa HiiduRast SEITBEE, IdhoWEIn2 BB 100304 B ned round
PCT/ US2005/ 004267 the hematopoi etic cell surface

speciells wherees GerfOC ervsagydompgenouglysompepethotlpag thin cells. The
colony-derived cells were subcultured and expanded cells derived from these

colonies were used for immunophenotyping, functional testing and measurement
of growth kinetics. After initial passage, the cells formed monolayers of spindle
shaped cells with “cobblestone” morphology. Immunophenotyping revealed that
the cells uniformly expressed the endothelial cell surface antigens, CD31, CD141,
CD105, CD146, CD144, vWF, and flk-1 (FIG. 2 a, b). The cells did not express
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t he nonol ayers were not contanm nated wth
hemat opoietic cells. (FIG 1,3,10) [00044] Confirm ng

wao bas/ordees nonol ayers derived fromthe adher ent PCDUSIW®B04267
were endothelial cells, the cells ingested
acetpd o d?éﬂzidi%'llsdufﬁicé $pROific@ht gdhs( 6]:)45 @hd CW14, confirming that
(D | - AC- LDL These cel lul ar functions
 hailbcnenelaYars viero &t G irminaied WP hemaopeiefie cells. (FIG. 13,10)

bcul t ur
100042400 LGB i AGE S0k SR R L LAY coppis wer
S ee(éndrgh@/l&ﬂ yeling thewelle irzestbd aadtylsted-donst dﬁm@gu.pc@tcﬁelm (Ac-LDL) or

t ot hTNF- hTl-1 .
ot 1 R SRR HieSo c el ppn e chite CGPBW o sadathefigloells.
of o smc%ﬁgre@%ng%gdﬁ%npéﬂﬁﬁ&yu Sipoffled AS-IDL,
function of tinme. Strikingly, cord bloo HPP- ECFC and

pr odemedomssels mgnatsgpkaf@n saedingyva@xp&numbem of cells; amdupregulated

for t 100 doubl i out
" SEAMEE Resrand W hefbRlE i e RE L 26y
[0004‘3}3I d overry@ p&kihddn&{cs o%@&‘d‘@cyo?l HPP-‘E@FGJ&&I %eny were measured
representative growh curve of cord bl ood end tHell a

cel las a fundtionof tistee Strikinghys odrd byt HRR-EediCeand mbgefy could be

th | I.s.in vitre. Thus,. based . . .

AR IRRHEE B s il far 268y fponiiaion foshlingryihout

of @f%a%h sdfleB@ht& nd itfie MASber S0 OIS théralsed QVBTbRISoWRE a period of

endot helial cells (designated HPP-ECFCs) can be

uni dge |d9ys iBuuituree oA FepaeRcRIGHYE Bloddl cwNes! aerd bienssengethelial cells,
t )

ena R o TR A REe o (RERRARCY) oY TP RSB

hun&mhmmb})ﬂletr)tlb@}péﬁg[} Mdnb?ﬂdedmlng zﬂﬂtainl anlﬁly@ﬂlmlftgrowth kinetics, it was
peri pher a 00 0046] 50-100 mlliliters
per .SB%? éhat 69lgBigs ﬂgenmql@k%eéla @?SWWQ&WWCMGP gan be uniquely

d
agg%ﬁu %‘ﬁ?&d&ﬁ@@&%ﬁ?}ésﬁ %cf‘di‘é’i nfhBiThb IS of

I'So ate ntotlssue
cul teupeneptiallysxpaoditde emdaieli@keallacel | ul ar rrat ure

te EGV 2 ned ‘
CHEREGEC AhioBF e Sranens dn Mg HifgarGaet blcsg, put not
nunber of col oni es per equival ent volune of bl ood was

i ipashperigheral|lopd cord bl ood conpared to adul't
peripheral blood (Table I, FIG 1 a, b). Simlar
[00046] f f er en cS@leOrmﬂb]itampﬁp@npmraldﬂombwes adloted fomn eadthy adult

wh t d
ol atiSBAE A PRBLURDAA forfcs nogRBH gt ey ped P Fid. Cell

bet Weed sédéd Yiﬁ@ ki§su%fchﬁﬁre' platd éHatéélr\Vi@l{ eﬁkﬂcfe}ﬂﬁlﬁn m&Rk&molecules in
bl ood HPP- ECFC col oni es "appeared within 5-10 da

ays
Fi n a:lomp;lete E@ﬂr@gh@@awwbﬂgr\@ﬂ fomlomefomam@mw 8t fexdome to six

dot h hot h
or P ot be BEaER o Soldn b ot by VLSRR O tpipased 15
col qop-igebidblbed Eahparyd exaiuBSRe hérblsolo@cn ttei FaG. £&ly).
surface antigens, 1, CD10 146, vWE, and

f | k-Similer ¢ifermmosy inrebmny fomyatignsvus ﬁbegbwec%whem@ﬁuwa@t
he n%;?rpo%kse&f ﬁ‘f})rc:f ?Ad acﬁlTEMm VARE bﬁt?é?l? [&%%gﬁl g&‘ul@% colonies

confirmng
typ1cally formed between 2-4 weeks after initiation of culture, cord blood HPP-

ECFC colonies appeared within 5-10 days. Finally, immunophenotyping of the
cells isolated from endothelial colonies from both cord blood and adult peripheral
blood by flow cytometry revealed that the colony-cells uniformly expressed the
endothelial cell surface antigens, CD31, CD105, CD146, CD144, vWF, and flk-1
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endot helial cell identity. |nmmunophenotyping of the

adult EOCs was consistent wth previously published
watadiog®73 Thus, endot helial col ony form ng cel PCHPF2005/004267

ECFC are present in cord blood and represent a

di f 5151 S hE rhatB A& CONPAFfReke irﬁlgeﬁéjQDHS RAA KRN ednfirming their
bl oo represent LPP-ECFCs The

pr obmdoehedmal el ldamtéyohnmn@lpfwm@ty@mgmﬂ t FQCgage@isistent

th dul t. . . f

R e M O e
f or patiCofe pfesatlih 801fdmmd3ﬁfdctehle©@tﬂ adﬁﬁmamteﬁllttg)e&dmiﬁared to
peri &rger al bl ood, guestion was whet hér there were

d| f adiHleprsipherah bloed E]Q(éﬂ (vehachagepiesent LA EEECer  adul t
e B T o o PREFOR, R8s than acur

\/\,Eﬁ abl i d fromadult peripheral blood, and cells
Sired in conplete EGM 2 nedia on type |

|l agen coated plates. Input cell ers re
[0004Ho unt ed fCovertle difarenges Bhthsdregugngy apd g}? 88 B%AeﬂPﬁartaPﬁ"e%f

&l) ﬁ?ijo uaH lof‘Eéﬁé%rLf}ﬁ e&d%lb%c&%éd tr(‘)gldluﬁ heral blood, a
n -termcultures wer e enent s

us ec[uésmoﬂ uaistw}te&tee tlenctwere diffoeaces i be mobfereftn'ledmnemes of adult

kinetics cor od and adult blo i.ved ceI .

Col e G Blo Getl o Bnppasiiq Batqlbygs PRARBTHIHS frof estibtished

accyat &dry b?diﬂ%ﬂt@@ e§t9ﬁ1£gﬁ_ ﬁ%ﬁﬁacﬁﬁ%npﬁﬁﬁlﬁlbéd and cells were

testing nultiple cell lines from different donors,
s homkﬂurcthat cqmpic‘e EaM-2nedi dndiype Healages eoaterd platgs.Pioput cell
ar e

du
condRBPGEs T EREHod B S Bt BREONPL PO oubERe fieqs 5T and

cul CupRlaive popElatidP@shbliak &R TPDET) iR lodd-t8rns t@hirtd, @diidh were
increase in CPDLs conpared to serial passage, of adul t

ocsneammmenfamswb@gwab@&aw angrtel compare Alag prolifssative kdngiicp ef cord
ex pg)ﬁ]%q adﬁ#,bioéae_d&nbgf ce[flrsmdeilg %I‘é b BF L IQL.S'[ q’f) gassages to

cor and progeny 1s greater conp

to &Gwrhteg(@anﬁhtdjthb IPMUaIIdle(E]PDEd RekiHE -t Edting rmllﬁple cell lines from
denonstrate greater proljferative Fq?ctlgml al

si ngiderey Jonpesy @howe@&hﬁéh@g Wag azeR SCIERSC E@ﬁgtPtbeT of cord
00
o0y PPt BRI, g v

cel |decebsead ®DT, Eﬁxﬁsreajf cbfdd)leod]getlls deslohstratedbd sigaicant increase in

determ ned. A npvel erime 0 eS|

o GG scmenrehio seprtase 2f pot ERG e Hbib Gufr e ot cord and
capaghi kel ca§1' H%Qéxﬁaﬁéﬁ% @ﬁlﬁﬁ“@ thPﬁ’rolﬁ@'}Q‘l%dté’rﬁﬁl of cord blood
endot hel i al | s“and adul t 0049] Early

pas %E&‘@@ar@ wogenyﬁpg@@mq@pamé@ @€} iGord blgof glerived

:ng%g?ﬁ IO were initijal tr

r et ?I%ﬂl:’ gggﬁ:rﬂ afger%g oLl ob‘%raél&agp%péglfgﬁ% %élg ¢l level
PCT/ég%ﬁgwtggﬂg@mooﬁlmﬁscent protein (G-P) and
sel ected for expression of GFP. Transduction ,

[00048] The proliferative and clonogenic capacity of individual cord blood HPP-
ECFC- derived endothelial cells or adult EOCs at the single cell level was
determined. A novel experimental method was designed to quantitate the
proliferative and clonogenic capacity of single cord blood HPP-ECFC-derived
endothelial cells and adult EOCs.

[00049] Early passage cord blood HPP-ECFC-derived endothelial cells or adult

EOC progeny were initially transduced with a retrovirus encoding a green
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efficiency of both cord and adult endothelial cells

was greater that 95% Followi ng selection, one G-P
wezsps®rng HPP- ECFC- deri ved endot helial cell PeCT/a8200%/004267

ECC- derived endothelial cell was plated by

f 1 UGRBREEH: pFILIANEIFPY afPéeldohd fobl St pression &QEFP ﬁgraﬁgzﬁléh@n
with a dianeter > 100 mcrons and a sheath f

I'o
pr esffiniencyfof both cosd ardiadubegndethghiplece]ln wiay greaten ﬂmﬁ 85%e|Hollowing

001 Fai8io phe P edfreihing HEBRCRC AeAOR] Sholidill odi¥fiBalit BOC-

| mrediindddndotteliblossilingas fiitad byréindresdentlcytoshetly sukinkSusing a
were exam ned toQ ensure that only one endothelial cell
had SpéBs nerzle sdth hiigmsiee g LRmpicrons gbd A ehgath Hew|pressiysod <9

th

vvag %((:)EJ'IH é}% @gv.\\/zlég {ncﬂflglg(sésﬁ%ww?lﬁﬂf? 2(2 ﬁfegg\/%ueoéultg\rh:plgﬁ@b &ted with
t he tygred cm)ﬂlag¢h aelyfEl]edtvinigh AQmlerf BESEMG-Rediap dmswidiegely following
endot hel i al . cel.l.s .was. count ed 0050 nunber qf . ..

S i oiiens R g oreaatd Qs et gl S dpggtial cel
Si gMiafl beaﬂi%yedghﬁ)aéaen wefll E‘ﬁ@é@he@él%@ﬂs WeR- tﬁé;Fé%nﬂ@éd #2844 days,
endot hel I's conpared to adult ECC-derived

endent ene half obthegnedinweae dranged evesy ﬂ@ﬁbﬂsztbﬁeeleEGM12rrnedla At

o nareSidet A anan el Baat G e e SR ool b conmtea.

[00050] Vi ded rMyegw@ibér B siflsle eelld lﬂ’fcﬁ%m&gioétqwsﬁsn&@ﬁlfm{u@ﬁmtvﬁhs
adult EOCC-derived endotheli al Because of

di f isegnéfirsady igreatardorcensd bloog FP-ECHEHderived eadashelisd cells compared
HPP-
O B P o P o My B el bt e

cel lagthetcné olﬁ l]mdays if wasadléas that sidgleivordblopd HHH-EQFC-derived
denonstrated at | east one eII di VI si on, were count ed.

Al t 1F8dethelighsetls divided anorg ppdiprodyerd laregeeolgmips gerapared to adult
endgicel ld'eﬂ{/?cfgx{doﬁleﬁl\éf‘éeﬁﬂg ﬁ@é’au@é Uf ?i?ﬂ)egg%e ﬂ'lgH&@ag)amty of single

clusters et ween and
ri seotdbloed bi?d’aE@ZFeedeunacé&ldmthahpl ¢edls 56 Bivideednidform ud)lomes

only a si of >2000, cel.l s ar.ose fro

0 he Cofmieada Snfit O ved et 68 RS Sitiier Ph oS if cach weil,
cel |v§h1cﬂ'@¥i’ﬁéﬁ%"tr’ateﬂra@?éa§trodefééﬂ dﬁ@&f@)ﬁ’fwére @mﬁﬁé&i Mtﬁ’&%h most of the
HPP- ECFC- deri ved endothelial cells (whi

di vistfedy adtﬂfoE%odembd en@th@uhg@hu(wéu:hégd dmé¢c9 produced clusters

coI 0 ndg,,of at ast 20 0 cel

P SRR NP o BT 58S EEMDy Pl s o 500
COTT’Q@H@ Gubbnly bGsi Qc@l@hﬂf 81 2000tcRRs a0y 8BS of the single sorted
know ed% no adu EOC-deri ved endothelial cells ever

pr oddek & QGrdarives @éiptmyal cefly dbmqves&smathayn @@ of the cord blood

col E ed

or EPRCRE Y Fah BBl B0 GURE Batdba R RINET

ser maﬂchmsmﬁjwabadldhq cdlletiey dunmetmg oﬁ éaé%t 260l c&ll@,(}mﬂdlumerous

form mpre caql oni es. Secondary col on|

Si ngsprgg?%qmd Rl TSpdR CRlRBISE AEMP2e @é PHe, 0?4@9%1 @%@e

r s 2n$é?1t§r§* lh&cﬁ&lé!dg"eo}] RingPEORL dekf Jefl BRAGHhAIG cél& Al }}ﬁ%hhced such

type agen coated tissue culture at es
| n la7colmny3005/ 078073 PCT/ US2005/ 004267
[00051] Secondary cell colonies derived from either single adult EOC-derived or

cord blood HPP-ECFC-derived endothelial cells were serially replated to
determine if these cells could form more colonies. Secondary colonies derived

from single adult EOC-derived endothelial cells never gave rise to tertiary colonies

after replating in 24 well or 6 well type I collagen coated tissue culture plates in
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mul ti ple i ndependent experinents. Single cells plated

remai ned qui escent and did not proliferate. However,
wOo®s/0t§073 he secondary col oni es derived from sP@DUS2005/004267

cord bl god HPP- ECFC-derived endothelial cells, which

pr dawEsls ndewsndent ekparmetn Sigleicslls pleied demaineé ghiesedt and did

19
OB a TR R R SO 098 L8R g gt cod
bl aﬁ@bmpmuenvmdemmmns aifhlclcpﬂoﬂﬁc&ﬁg%eﬂéptﬁuﬂ 2000

secondary col onj es, h can be subsequently serially
passigequldihs rsplgtrda ﬁgrr%ﬁﬁ%erexpwtaé ﬁamlh@mq tgiform tertiary

celénao m}ﬁﬁggﬁime@ %%ggw gﬁmgffqdr@m u%ﬁnfog h%ﬁ&t elial

and entif on o cor erlve
en w@ﬂh edn Iabdmtl sangndany mlouges; gthich ¢am Helmbtmuaﬁtt;pwneny passaged
' ol i.f er 7i otetl}gl ﬁglonyform'ng cells

hi gh
| %g,p ce figm pr‘? | ti pot ent

[00052P emat op Q!h@hh thepéhﬁﬁﬁﬁﬁésqf thif @highé anpﬁevﬁs*l 1&éi{t§f$d'p'5 t'i‘lghbﬁ‘of
vitro clonogenic assay) these cells afe naned R

pr ¢ord elpad dedvesioandnthickil- C@Mmfhlemllng lceldnlodhy herhaippm)mgc high

| |
ai PSR PR o SpC PRyt DB L sl nestve
t henilgpbiend g aepesctid grbgdiitor EHat6m Brptturdd i4R@%n vitro clonogenic

proliferative kinetics when cultured under the sane

ex pevayiihesarelisowieipamesh shighprodiduptiveartential-eydadpetiat arosy

cOREAREAAHAEETEN il FULLUE o TLRhRSH
pl qxradowsdj;uﬂdsscnbed et BOCs iNBs fol{3ying MBJ?S RCFrAPPHEVECS have

tential at th | et Il I
CortpAE AT FinBsovhon e e SR GEDsRSnaR ognditons

r e % QI EDT @) 'Hl?‘? E@ 28 ta]&pe%? GO&Y r% ng@?)tlrﬁlgg T iRt ORb fSlated

| e/ wher eas " adul t not dis
potcerd blabqd MANCs b@ﬁpﬁ@ﬂ:tb athudtp@Ys Herired| feone biataf adult peripheral

NS T kG Ebisher pergtmi oG pnglleed lvel

of c@hfpfal%ﬂ%hdlhllt E@@em)m Hebicoesh soekig %piléffb&]?& R teast

their  cl ono?enl c and proliferative potential. Because

?f seermdanyt RBP4 dKs qo%vnmsrvduwwlmeasaﬂultﬁ;ma chﬁm dmﬂ?ms
EPC
corrurth aut BREECHE R B B o o Bhai o compar edt
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Interestingly, the cell progeny derived from both adult and cord blood EPC

colonies formed secondary cell colonies of various sizes before growing to
confluence (FIG. 3). However, colonies derived from cord blood EPC-derived cell
progeny were consistently larger and contained smaller cells compared to adult
colonies (FIG. 3).
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in the absence of other cells. Therefore, an assay was developed to quantitate the
proliferative and clonogenic potential of single cord blood and adult endothelial

cells derived from EPC colonies.

[00057] Cord blood and adult endothelial cells derived from the initial EPC colonies
were transduced with a retrovirus encoding EGFP and selected for EGFP
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Zgéf@lﬁ%dag?@ls%at%ave HleS po{en i 10%80m af Bak Q03ohA%Y colonies upon

serial replating. The clonal progeny derived from a single plated cord blood or

adult EPC-derived cell were trypsinized, replated and cultured into 24-well tissue
culture plates for 7 days. After plating the clonal progeny of over 1000 single
adult EPC-derived cells into 24 well plates, only one secondary colony was

detected in the wells after 14 days of culture (FIG. 6a). In contrast, approximately
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telomerase activity compared to adult EPC-derived cells, reminiscent of the

previously described primary endothelial cells lines, which overexpress telomerase
(FIG. 6 d-€). Thus, consistent with extensive proliferative potential, cord blood

EPC-derived cells retain high levels of telomerase activity (34:10% of the
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tel onerase activity of an equal nunber of HelLa cells)
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THATERIALS ANDAMEENOBS

Adult peripheral and umbilical cord blood samples

[00066] Fresh blood samples (50-100 ml) were collected by venipuncture and
anticoagulated in citrate phosphate dextrose solution from healthy human
volunteers (males and females between the ages of 22 and 50). Human umbilical
cord blood samples (20-70 ml) from healthy newborns (38-40 weeks gestational
age, males and females) were collected in sterile syringes containing citrate

phosphate dextrose solution as the anticoagulant. Written informed consent was
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Board at the Indiana University School of Medicine
approved all protocols. Buffy coat cell preparation

WO @808707Human nononucl ear cells (MNCs) were OPCHUSHAS/004267
fromeither adult peripheral or unbilical cord bl ood.
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[00069] Colonies of cells initially appeared between 5 days and 22 days of culture

and were identified as well circumscribed monolayers of cobblestone appearing
cells (FIG. 1 c¢). Colonies were enumerated by visual inspection using an inverted
microscope at 40X magnification.

[00070] For passaging, cells were removed from the original collagen coated tissue
culture plates using 0.05% trypsin-0.53 mM EDTA (Invitrogen), resuspended in 10
ml of EGM-2 media and plated onto 75 cm? tissue culture flasks coated with type I
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P heh ARSed o e she SRPedBHERS B Rhtinterd 4 Ssh g and

SWi walsmai iFEBMA ineaiaBMith 10°%8 FBY, vbiRed, ahd EﬁMl&y%édkeé%{mg
FBS in a 6 cm tissue culture well (precoated with

ext rEARAN bineexcisiqn. x proteins). Cells were cultured
[0007%1]t h vi sygl, X3 gs}oa&gls@o%gt}%ﬂ%‘g for%ljgg ﬁida%r?eter vessels (> lcm). The

dot hel ium energ

endetdsel wad incisbdbloas thdngire Rﬁ@t\heﬁd loyeriedypish ﬂrelém&tham lumen
transferre?\a o T 25 flasks that were coated with
ext CEREFIUPEY TAREINmE Hlpes eallsand plasipa seaz wiathed anisrarith HBSS.

nb
or 116 SBtolkhin KRR oy, RE Lo YRl polifBfn n o
Cantsingle tald tpmﬂaryﬁldnh e cellCadlesingto theselstite dolicenten wer washed
R L LRSS LS 1L s b
200%; &%&Qﬁﬁre%@ﬂ W&Q@d%ﬁ?&ﬁacéﬂlﬂﬂﬂaﬁk r]b%t%ﬁ’é)7 B(Féils were

estihate of replicative capacity of [ 000
t he cultmd wfithf visusd exrasivaigen eseh day. v@ol@n@n @ﬂemdxtthdluhyeraerge in 3-

tr ygﬁ% szﬁbef elngl %}%eﬁ?ﬂ%%cg %&%etrgrtnovecf)by fsrypsm- DTA and

transferred to T 25 flasks that were coated with extracellular matrix proteins.

Cryopreserved human umbilical vein endothelial cells (HUVECSs) and human
aortic endothelial cells (HAECs) were obtained from Cambrex at passage three.
Cells were seeded in 75 cm? tissue culture flasks precoated with type I rat tail

collagen in complete EGM-2 medium for passage.
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90% confl uence and passaged. At each passage, cells
were enunerated for calculation of a growh kinetic
weewose7sopdpul ation doubling times (PDTs), and PCT/US2005/004267

curmul ative popul ati on doubling | evels (CPDLs). [00074]

Browtinkineties anghestimaia afyaplicative crpaity of ERCag

bet ween passages was cal cul ated according to the

equation: PD = loge (CH CS) where CHis the nunber of
[00073Vi abl e c&l ths tiate dfa"lrstqmssagadel&wéte chivaeratuiiera njpadlis

seeded.. The s of Ll pr 0 det ned the

PR HFIB eI ez ST Lo R fieh a?f%agceﬂﬁéfr%meﬂ@mwn to

Ui o), BoEHeRLe Qﬁi%%e&eb&t eahGhsiige Al %Eé’@rﬁﬁnéilét\é& g&d

by the nunber of ° PDs for that" pass

as saloylatiod ofi pteakethdiinetivetugica pepiilitow cgmbbng tames (PDTs) and

| t 00075] Mat |
alslfsJ 03@1 %gveg’ OéAfaPS? %%quﬁg ‘ée#%:ﬂ%% E/ pass]age ( r2I g)e
[00074HPP- ECFCrhet@inhbee @ f geglnash dvubiRés @) vesnenaiedtiveti pdssages

cells were seeded onto 96 well tissue culture plates

pr evasobuatedraacerling tonfhgequationofD melpei GelCYprhere Cy is the

Bi t 0, I

pe?ﬁ% FB??%F% cefls ﬁt%e{% gg %&\?‘/deé(‘jgl is \}fég m;f?lg)eq o% gﬁl?sséélp&e% The sum of
capill pravipus PDk detetthimed cien@PDD At edcﬁ@ﬁ?ﬁke T'@h@BBESﬁastdéﬁved
ablllty of, attac gHPP-E C nd pr geny Qr,

pr JEEH8/ meﬁe@rﬁg sireneel pedthe @stmlﬁed mz)ﬂgemﬂmber of

of #ss foplt.h di cal Technol ogi es Inc., Stoughton,
VA) V\Séas a éd t%@the medi a of cells cultured in a6

wWaatrigelmssaysand aptalopof agetylatedtlow tensity lipdprotein (Ac-
plate. Cells were incubated for 30 m nutes or 4 hours
ADB 6rOipAE-LDE) washed three times with phosphate
buffered saline (PBS) stained with 1.5g/m of DAPI

[000755SI grm) %gtr k%? ATNSHerE ?Erf&%éﬂk %r‘RafﬂyA@arh%a dge (2-3) HPP—ECFC-

using a fluorescent “mcro
I m”dmap& enEszglemgecb endatitkdinhedlls avere sdeldsd bytofdoums]Essee cniture

ST N S W
er g 506! %@@O@@e@% pé vﬁelf el Werb BosBrit &r eyy‘f\X{) nto\ﬁ‘?{ ¥r Apillary-

concentrations e prinary or Isotyp
antlikeddlye fosmetiod.i ned bel ow in 100 | of PBS and 2% 25

100076} et BBes e i PagIdREeE T rsbirmsl i rC and
ANAYEEH o PleckhdiIREEDE ARt WASE I8 AR ARIDL |

(Be on DI ckinson, San
c 0 rﬂBJ@nechdal ﬁ?echm:rltygmsﬂmcr; StqughtnmL RO wmdldbd)tb s media of cells

agal st hu to f uoresce

i s oct ng{]gelfgﬁ)?é)rat( gg ?]ad tissgg ﬁultqﬂe e;&gte @g}ls were

werlﬁcwo%eéa 0k 36 mimals & 4 HédrO B 379 R tEEB G000k RS WAt
phosphate buffered saline (PBS) stained with 1.5pg/ml of DAPI (Sigma)and
examined for uptake of Ac-LDL or Dil-Ac-LDL by using a fluorescent

microscope.

Immunophenotyping of endothelial cells by fluorescence cytometry

[00077] Early passage (1-2) or (3-4) HPP-ECFC and progeny or EPC and progeny
(5 x 10%) were incubated at 4° C for 30-60 minutes with varying concentrations of

the primary or isotype control antibody as outlined below in 100 ul of PBS and 2%
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al | ophycocyanin (APC) (BD Pharm ngen) at a 1:25

di lution, human CD14 conjugated to FITC (BD
wob@sivsegen) at a 1: 10 dilution, human CD45 copgTy820081004267

to FITC (BD Pharm ngen) at a 1:10 dilution, human

CD1E1@s C eri1y gRtEHadhed Ar6e titlBOWRhPBYE ageihingRaFBS k8 analyzed
dilution, human CD 146 conjugated_to phycoerythrin

( PE)y {IBDreRieaceracityeiey call serting _EA@SF)MBQﬁP,H RigkmsonEra Piego,

0O 3ot bt Ak Sna Bl eS b iy roman
Bi otesh réei&fggxt(ed EhancteSsetmn Kothibcyhdtte GUTE) (BHPheithingémSan

human CD1 BD Phar m ngen). conjugated to Al exa Fl uor

64 7D{emoekA) Mevrsed 27 2 dpdckiugans huma CB3d goningaied g
ki t | R 1 10
ai | AHENES R (R AT BRY R en s 35 Budigh B Cp14

647 cajugatdd AU T (BD Plerming2aPatd] 1:To diletsdén, haman €145 conjugated
surface expressiaon of vascul ar .cell adhesjon nol ecul e

( VORI GH1p Bpargangspa pt k1 ?latle%mwr@&&mﬁcow&%% to APC
sta : Lk al. el d: 5 Wer td ' ( :
0" [P EHEAREES o B AR dit¥E Rl CPM QRS dd o Phiceythrin
( Pe(@E)t(BENPhdRodkgenHad d 1:10Ndjlutdon, homay /AQ 133fconmgoted tom BBt

hu Jtunmpr. necrosis factor-al.nha (. TNF- Peprotech

For CohlsgR Biclie: dp0et, EANAb A i PR AR oD L Eph R o FrrC
SUr {@HAbEXBIoeTRhABg R ChiadivsIFMSUK § 6t £ 110 dilhiidd, Mmdn CD105
prinary antibody against human VCAM 1 conjugated to

FI TBPBbaphingen)nyarigated tey Alexad lagr 6471 (Adexafdwor£i4{7 monoclonal

i sotype cqntr.ol s.f [ opherot yni g .

excpHRR 0GR bt PloptaTy PRARS RlakPe SR A Giditignsane

| 9GRamax CI¥aE] cgpipedd t® ARxECl{d3B4Phaas 1 100&lilution.mous €

1 gGl, x conjugated to FITC (BD Pharm ngen], nouse
[00078]gGL, x deriptiden sl suefamrexppission A yaseylan pell adhesioppaglecule

I ) .
For CHGPRT BB T patl ER AL AR bR cols were
W | sefoed Wil elier (10\WE)ml @firdcdohiiindnt homah Sntedeukid oxedL-1)

t wo desmklgcFari PRl TeHo P Bl e PR Hmah piaor derosis

30 g ' 9 ¢ " .

20, M By S ROl T, o,
ant icbio eiyrfsbicregpiosdom g il AAM uwastestuii kg a primary antibody against
gﬂ gg{n@g.m ervma hoﬁzcoﬁgg%%l 'fkt)]l R%&E(% gﬁg)nd irggrénggtrl%/ k:gBtdglgggﬁ/. For all
di | lﬂdé}gir%' coﬁﬂgls%‘gr M@n@@%ﬁ%&?ﬁﬁ@mﬁé%@%@é@ﬁﬁhe kf)ciﬂ%owing

secon y antibody u or’v was a goat "anti-rab

ant iapiydieoneregatd dnduse I¢h,] &, c@BHuPtedt twi FiFenBIxPhamingen),
1:100 dilution and the secondary antibody used for

f | k-mousadeGt, k epaivBrd tclbldjCUGH? Bharmynggg; mesise

P e el e ety SR pobbE I Y o arc
( DakB) PharidkcaPO dilution with anti-rabbit Ig

secondary anti body conjugated to FITC (BD
[00079] For detection of cell surface expression of von Willebrand factor (vWF)

and flk-1, cells were fixed in acetone for 10 minutes at room temperature, washed
two times with PBS, and blocked and permeabilized for 30 minutes with PBS, 3%
nonfat dry milk, and 0.1% Triton X-100 (Sigma). We used 2 pg/ml of a primary
antibody directed against human vWF (Dako, Carpenteria, CA) and a biotinylated
primary antibody directed against human flk-1 (Sigma) at a 1:20 dilution. The
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Phar m ngen) at a 1:100 dilution. For the isotype

control for flk-1, we used a biotinylated nouse Igd,
w2(oB07denzar m ngen) primary anti body at a 1: 100Pdi/U8100®004267

with a strepavidin APC secondary anti body (BD

Pharse¢angery) andibody setidor dMEuwasongoat deti-oatibitemeibddy totijtigated to

e L GO Pl ghasal st PO afioncied Uit G By ey used or

was fRIPAY 8Gledaidih 8okj@ERe BH8mt S
detection k?% %l or gGaﬁohlg%FE%P n%le%@ ai]ﬁ)o dilution. For

100@hQ:1§D’typ¢ eqntmﬂﬁoxe@@, we uERJabbid [[gamlmgrwmmodjoﬁaal@a dta1:100

"y i S iRl ElEatREl phnbdCafiEt B R’

t he PR REeHUL bl : (@ difitioh NToLiie iotypel REARST for WRLE we used a
el ectrophoresed on a non-denaturing pol yacryl am de gel

and Wtwgt@@@@uwgﬁ\w @ﬂéi’hmﬁgngm) prittiany asilodyl atw 1 08 Zilution
ded 1/ 10 /
i 1 TR RS e AP Srran S30 FuBRAL TR Bhrdingpin(dh - 100 itusion.

Telomirase Activig, Aksdycel | 1ine (1000 cells) posi t ive
control. Thym di.ne incorporation assays [00081]

[00088hdot hel iBer deisridenoldelomeszse apidith ée ta orreemrgpaﬂém@phﬁcatlon

orokBITTRATN ol feeRR RIS I ik bR S agtcton

X I1(k4t (cmgbls Sﬂﬂhersbuh@t BID) dlBrﬁaEﬂ@'h 1000 dulmfedﬁll-llllBJECH@ 513990
cultu I shes, pre- coa wth type | .coll agen an
cul tce[%smre SRRyt Qutp ﬁﬁmzrsm. Iysed i B RéEssBHbYifarh The

1% i nggelllaq 1 W gﬁbfea%@ t&#'ck%ﬁ;%ﬂc&uﬁ?%d%h%@@%ducts (6-bp

serum I'ti onal el ght "hours to ensur
qui emrememal Eédetﬁwxw@eczttqphuﬂea&decm a mﬁ%ﬂaﬁnnﬁtﬁlyacrylamlde gel

PR VR red By VA HEe o reene abbor - PRBRRRINCS were

( Peps i@ @B heatd? 17‘1@)’6}1 1/8d0 dlﬁﬁ%ﬂ?hﬁ@@% IMF@f‘lnté%@ﬁi/ 6f stammg
fibroblast growh factor (rhbFG-) (Peprotech) or no

gr owemppredito the HEEA delldine41 @), cells) posBR@ oontréko CO2,
cells were cultured in
E%&%ﬁ?é’l‘%%@éﬁo&%ﬁ% actors or FBS. Cells were
cultured for 16 hours, and 1 C of tritiated
ym di n Per ki | mer Life nces. Products,
[0008¢)% o mfﬁiﬁgép%?ib‘&dé@vﬁé SRt Felisgvera dopryesatigrowth

Cel | I
Co BRI £y oot I SO s

wer ezt 26’ e(d:llls tene ﬁlatﬁd inadhi well of @—weﬂttwbmuh@r‘a dikless pre-

P et irkhy Lotaei s fReL S TR boRsgn iR g media
GengnpileMmentefl Wbl PR ATl RRde WeecEERRa EYEBRED Wi ut serum for

VFG P retrovirus vector expresses the enhanced
gr eé afifliiopalsaghiithoursite easuse g@@qaylceu ridells wére sitontatasl indiBM-2

the n%)dlé) Qﬁ)\éléﬂfé’ntéhewltﬁl‘fb%rﬁﬁs XJ th'43 ng?m?of recombinant human vascular
endothelial growth factor (thVEGF) (Peprotech), 25 ng/ml of recombinant human
basic fibroblast growth factor (thbFGF) (Peprotech) or no growth factors, as

indicated, in a 37" C, 5% CO,, humidified incubator. Some cells were cultured in
EBM-2 media without growth factors or FBS. Cells were cultured for 16 hours,
and 1 pCi of tritiated thymidine (Perkin Elmer Life Sciences Products, Boston,
MA) was added 5 hours prior to the harvest. Cells were lysed with 0.1 N sodium
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term nal repeat (LTR) and has been previously
descri bed by Poll ok et al. (2001). For generation of
WO b@5/0#40v3 pseudot yped vector, supernatant fr onP@mnus2005/004267
anphot rophi ¢ MFG EG-P cl one was used to infect the
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i s @lcintifickSt. Bowigl MO) @hd Bermsssiengvas mersiras sAssayowes performed
were screened for titer by infecting 5 x 105 human
er y2 HRI8t%keni ¢ celI's (HEL) (ATCC) and deternining the
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of 0.5-1 x 106 infectious units/m and was used for
xper i SElsprésask 10k chivetd gleb@fluorescent
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r ° u n d ol ];T,fdf’i)f %ﬁ%ﬁﬁn 4%qlo|ur°s a E)gn({‘ ?{n‘ﬁ? &i@tbn FRUpérBataR) MEFG-

expressi on uor escence
Cyt EGFP IcYoneS Inglagtitered10. 54 sab0s 1@@W]unﬁdmlylnfb s aspsl for
(1-4) endothelial colony-derived endothelial cells,

t r afPSHBEAS- Wit h t he MFG EGFP retrovirus, were sorted

btV IFALRIAIIPBP bhilofiilidfdRfls expr ession. A FACS
ant age

orter (Becton D ckenson) was used (sort
ozzle >

[00081{30 unds pgprjlg gﬁsgpéer @U%)he?tﬁ?ﬁeﬁ{l%ﬂo% Rlehved't o%elﬁl &lls were

ace ne S ng

endghiiahital wik ehuiexlehtsating titc-6f MGFoEEGHE lsupmh:lttamtf Sax well
96 well flat bottomtissue 28 WO 20054078073
PCThoISHe06/ oliumatates wereoated MetheS Be/snt dlbrensctif Chl-29frakara

R R PP ot PR B 4 . plates
fl QoSS R01A ol ok GLRSERIPPBB! arRlehdotiRl d‘eu§ %reqﬂaﬂ‘ed at 5 x 10*
ensure that only one cell had been placed into eac

el kcellstaht for traesducien. t Cellsavere igyetewitBgptegyrus ﬁu%Fmatant diluted

iy 4y R bl 682, PEE hAABH 20t SR Winl Pilange of
fr e%tamw@@Emz &3 PorRBindght Alcubiatjonl 4A fierahdisesohd romﬂ of
exam ned for the growth of endotheli a'qdrtﬁgﬁlgﬁgf rom

si nghfectiinarcells wetelharvested conntel and apglyz fXBlfeSSIOH 1by
di v Ifijuo?e%cence%y%metry

Single cell assays

[00084] Early passage (1-4) endothelial colony-derived endothelial cells, transduced
with the MFG-EGFP retrovirus, were sorted by fluorescence cytometry for EGFP
expression. A FACS Vantage Sorter (Becton Dickenson) was used (sort nozzle >
100 microns at a sheath pressure of < 9 pounds per square inch) to place one single

endothelial cell expressing EGFP into each well of a 96 well flat bottom tissue
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endot helial cells, the nunber of wells, which had 2 or

nore endothelial cells with a fluorescent m croscope
wW@r0030®o73ragni fi cati on were counted. To enumner BCEUSI005/004267

nunber of cells per well, the cells were counted by
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re

| of sh caonpl ete 2 nedia.. On day 7 lls were
exarFE FORTEBFGHRY b O FOBT LT ROREP L el pyimeras th
Vi shalbeneRess | b@xnweI‘IV' ithd cAllsfWdiO EARRRI By VikEdl Qﬁ@@aﬁmwh a
50x magni fication. Cells were then try S|n|ze

courﬁhlenescem thiengbenpietat 1 @@k mngraﬁ@tm(lesq 838 cell$ paryveell), or the

d h .t
S G5 B o LY e R g b 98t g  wypen
vvhl ®lue exeNisRinLshyq@ivt tieatsoeelld peravdl)ayers, for

ng-termcul tures were sel ected under the condi tions

[0008@] scl osed The lengfern grolifgrahvaandyerlatipgirotgpiipl obondefaslial cells

caI

reCEp Ofﬁgﬁagggg?éégé%'%&%ateiggDéﬁgg%gggﬁalxggﬁﬁﬂBkGﬁu“Q

adhesdividusaiol €tuonjainih® @RAR} tHEGR30 deHs wletmtnypsm)lzcid(;) Oél&eted in 500
CD45 (commn | eukocyt e antj gen) 090

(endd§f Fompietdeol- Zmd1alapd(seb¢&}1&ur?defe@p%%wg? Qgsumulmre dish

B S S S R

(vasepitacd anrephetd withcadpeof figsh] QAGAGEE EGM4Pmedia. On day 7,
(endot helial associated antigen, S-endo-1) [00096]

i | k-vaell@fvtqrgpxamméqi fogi Gokosy-erowthess el spnifusineg xwpalrmspectwn

end
[ 00

P oS, s SRR, CIRBLRR oy Fninc

f ourcotaiyd, dnsli sn‘gcﬁﬁhoéd i a 6 well tissue culture plate precoated with type I

collagen. Following 7 days of culture in a six well plate, 10-12 wells, which
contained confluent cell monolayers, for long-term cultures were selected under

the conditions disclosed herein. For each sample, PDT and CPDL were

calculated.
CD Markers
[00086] CD14 (lipopolysaccaride receptor)
[00087] CD31 (platelet endothelial cell adhesion molecule)
[00088] CD34 (sialomucin)
[00089] CD45 (common leukocyte antigen)
[00090] CD105 (endoglin)

[00091]

CD117 (c-Kit receptor)
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media with 10% added FBS. Wen cells reached

confl uence, nedia was aspirated, 5 m of sterile PBS
woaw@samiesl to the flask, and then aspirated, tPEPESIV05/004267

EDTA was added and the flask was incubated for 5 mn
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[CT] The method of claim 4 wherein at least 10’ progeny derive from a single
cell.

[C8] The isolated cells of claim 4 further defined as having a cell diameter < 22
microns.

[CI] A method of isolating the cells of claim 1, the method comprising:

(a) culturing cells from a biological sample on supports coated with
extracellular matrix proteins;

(b) selecting cells that adhere to the supports and form replatable colonies; and

(c) selecting single cells from the colonies.

[C10] The method of claim 9 wherein the biological sample is mammalian blood.
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human bone marrow, and the mamal is a NOD- SCI D nouse.
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[C11] The method of claim 9 wherein the biological sample is a mammalian
blood vessel.
[C12] A cell isolated by the method of claim 9.
[C13] A single cell assay for types of endothelial cells comprising:

(a) cell sorting of biological samples using a specific sorting method;
(b) culturing the single sorted cells on extracellular matrix protein under
defined conditions; and
(c) enumerating specific colony sizes, morphology, and proliferative potential
to determine the type of endothelial cell.
[C14] The single cell assay of claim 13 wherein the types of endothelial cells
comprise HPP-ECFC.
[C15] A method of enriching for cells of claim 12, the method comprising:
(a) cell sorting of biological samples using a specific sorting method; and
(b) culturing of single sorted cells on extracellular matrix proteins under
defined conditions.
[C16] A method for expanding hematopoietic stem cells ex vivo, the method
comprising: | ’ *
(a) culturing HPP-ECFC cells on collagen coated solid suﬁports; and
(b) expanding hematopoietic stem cells (HSC) by co-culturing with HPP-ECFC cells.
[C17] The method of claim 16, wherein the HPP-ECFCs are derived from human
cord blood cells and the HSC cells are derived from human bone marrow.
[C18] A method for improving the percentage of hematopoietic stem cells in a
graft in a mammal, the method comprising:
(a) co-culturing human bone marrow cells with cord blood HPP-ECFC to form
a product; and
(b) transplanting a suitable amount of the product into the mammal.
[C19] The method of claim 18, wherein the cells are CD45+ cells derived from

human bone marrow, and the mammal is a NOD-SCID mouse.
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