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Research has been carried out in humans during the last few vears to examine the
potential benefits of using EPCs and other bone marrow derived cells to treat myocardial
disorders. Recent studies demonstrate that implantation of autologous progenitor cells
after Acute Myocardial Infarction appears to limit post-infarction damage. The

20 following clinical trials focus on the studies that assessed the safety and efﬁcacﬁ; of bone

marrow-derived or blood-derived cells administered in patients with cardiac disorders.

Perin et al. carried out a clinical trial which included 21 patients (14 in the
freatment group, 7 in the control group) who received transendocafdiai injections 6f
autologous mononuclear BMCs. (See Perin, E. C., H. F. Dohmana, et al. (2003),

25  "[ransendocardial, autolbgous bone marrow cell transplantation. for severe, chronic
ischemic heart failure," Circulation 107(18): 2294-302, which is incorporated herein by
reference:) At 4 months, there was an improvement in ejection fraction, a reduction in
end-systolic volume, and significant mechanical improvement of the injected segments

in the treated patients.



Badoiff, C., R P. Brandes, et al. (2003). "Transdifferentiation of

bl ood-derived human adult endothelial progenitor cells into functionally
active 5cardionyocytes.” Circulation 107(7): 1024-32. Bhattacharya, V.,

P. A McSweeney, et al.(2000)."Enhanced endothelialization and m crovessel
formation in polyester grafts seeded with CD34(+) bone marrow cells." Bl ood
95(2): 581-5. Gant, M B., W S. My, et al. (2002). "Adult
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ventricular volumes, and incréased myocardial viability in the infarct zone compared

with a nonrandomized, matched reference group. There were no adverse events of

treatment in any of the patients such arrhythmias, or increase in creatine kinase and

troponin, There was no difference between BM- and peripheral blood-derived cells.

25 A study performed by a team led by Amit Patel of University of Pittsburgh,
involved 20 patients with severe heart failure out of which 10 were injected into the
- coronary vessels with BM derived EPCs. At one-, three- and six-month follow-up, the
ejection fraction rates for the stem cell patients were significantly improved compared to
the other patients. (See Absiract from American Association for Thoracic Surgery,

30 Toronto, May 2004).

The following articles, which are incorporated herein by reference, may also be

of interest:
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general ly 8@%’%‘8@% ceutical products including EC progenitors for use
i n methods for régulating angi ogenesis, i.e., for enhancing or inhibiting
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US Patent 5,541,103 to Kan7 at al., which is incorporated herein by
reference, 25 describes high-dose chenotherapy treatnments for patients
suffering fromcertain types of cancer. In order to facilitate recovery, a
process for the ex vivo expansion of peripheral blood progenitor cells is
descri bed, wherein CD34+ cells are enriched and cultivated in a nedi um
conprising 11,-1, 1L-3, IL-6, EPO and SCF. The ex vivo expanded peri pheral
bl ood progenitor cells can be adm nistered to cancer patients after

chenot her apy. 30 Bflopieanmticlospihick ateialsn imgiporagadthersip BOOBI0e99E8455p0 |t escu,
whi ch i s bdresigesat ed herein by reference, describes a nethod for treating
a disorder of a subject's heart involving |oss of cardionmyocytes. The
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t he ag&nt cardohymptas. eOdatlhekila?(7prexyesn. t or cells. The application al so
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a subject to detacbziys. V., P. BCT P&tSenmtnePubdti glat i (O0WD OTES44Rd to |tescu,

which is | L] enc I bes f
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subj ect cbepsmiasiowgelly SBlopd P AYL-5t em cel |s froma location in the subject;

(b) recovering endothelial progenitor cells fromthe stemcells; (c)
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stimulate revascul arization of the tisste. The stemcells may be renoved

directly 8@ E)74dbilization. The endothelial progenitor cells may be

expanded before introduction into the subject. A nethod of inducing

angi ogenesi s i e nf 2r &b of 315 §103) S"Aidegoppane mrriept 5B dmplantatioso descri bed

for sel echd mehyeutipaligaehdits fohBebkmid Kadifdic dighefE rWHRR "DONG PILEOW deri ved
Qrs to the site of tissue damaged by ischemc

endot hel i cell _precur
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a subj,ect; (b),adm nistering che Lnes to the subject so as to thereby
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function in a . subj ect .t hgt has suf d cardial,infarct conprising any
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hemat opoi eehled pringpadetheiial pokérdtof selinvipomied srvivoltNar Meé 7{9pHeB&HK0.bl ood from a
patient prior to cytoreductive therapy; (2) expanding the henatopoietic
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Li, Ro K, Z. Q. Jia, et al. (1996). "Cardiomyocyte transplantation improves
heart function." Ann Thorac Surg 62(3): 654-60; discussion 660-1.

Rajnoch, C., J. C. Chachques, et al. (2001). "Cellular therapy reverses
30 myocardial dysfunction." J Thorac Cardicvasc Surg 121(5): §71-8.



a cellular preparation conprising an expanded popul ati on of progenitor
cells; and (3) admnistering the cellular preparation to the patient
concurrently with or follow ng cytoreductive therapy. The nethod optionally
includes a prelimnary treatnent with a recruitnent growh factor to
recruit hematopoietic progenitor cells into peripheral blood 5 and a
subsequent treatnent with an engraftnment growh factor to facilitate
engraftment and proliferation of hematopoietic progenitor cells
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storage steBrascHaReiRgvith auslopuydvne msrpw Jrangientaier i Gdrcolatipn 876X ng t he
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i nocul gf i IV, | s, The t.h i s described as.yieldi a
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life when 48): R¥pI3.at room tenperature without any significant decrease in
cell growth suggort properties. US Patent 5,932,473 to Sw derek et
al ., which is iThewopsnrGt &d Berfei Nabyriyafabr £908), Uemuhhdies tanwedduscul t ure
substrate dfigh: | @rdeR@ Vi thya kb i NizNg .l adhesi on
pronoter , I1n a s%lt sg€ﬁ¥10ﬁ5 2?@%3@?@%?%953®ﬂ5%% gﬂas P%%hglégg or 25
m cr opor ousnsRladation’ & Aspeelbdardiolt AL{(AeHHIF3i ti on cont ai ni ng about 5 - 1000
ug/m of poly-D-lysine in an 0.005 - 0.5 Mcitrate or sulfate salt
sol utibn, in” of@@RatD: Br ol dbh #bslit (B99). Séwolesowst ranpplangaivpondi anon per cn
of SUbSLI hfironThiAls GAALRA afhES Rk Ohuhdiof " DREGulcA (DBIDYE S sANSOUS
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materials, and dried to obtain a coated substrate I ncr eased

shel f-1ife andhemitst@bin, i tay. I\ZfiblaeC&aéIed(zﬁw.St'rxﬁh&véﬂiﬁeab@ﬁﬁiw&d kiged by
rinsing-with a 30 sterilizing nmedi um_such as et hanol US Pat ent

6, 040, 182 TWEESF Y geRnesE IR oMIRIPEONE POHEIe PPRep IRapaY estemed cellescr i bes
et hods  anghns@idtioal 3 Therkc thgiohaeishid@biepn 194.44 gh- pr ot ei n- bi ndi ng
capability on tissue culture-treated plastic surfaces, such as, for

exanpl®, pol ystWangnet ass@popl aresiglitddnPatacilitaied, 4fopBd HReHkAeWHi Ch i's

i ncor por at herein. b eference,. 5 describes an | MTmunoassay of a speci nen
of a ser unqel%?re’?etﬁgoq it‘IX)é"E 8“‘5’ e@?]rﬂ"i‘?é‘g‘?: AT PAGHISMe Ko 81taRnE ¥ BBPPYS descri bed
whi ch i ncl Cidetatips bebdcingopaoa pl astic base a | ayer of a non-proteinaceous,
non-ioni c polymer which will adhere to the plastic base and has the

capabi l ity of ®bsprbiahg200xutRiatnotetepxds paficrthevith pREINABNartdpy AGkRY a

speci nen o yer .and treating the | r..to produce an indication of

t he annunﬁﬁg@ggﬁﬁﬁﬁ%WTﬁgéﬁﬁﬁﬁgﬁlQ%%?ﬁg“6§¥3H%?¢ @PWﬁg%bﬁF BE¥RE™fe gl ycol ,
dextr &, pollyViBayit RehCadioded(1n 6p<dl yneri ¢ pol yol or an adduct of -

pol yet hyl ene glycol. A product for use in such an assay is a plate having
wel |'s or a tesQuirighet flof28d). IDiffdreintian angodxpeisymesfeendoticljndleytisi fiych chl ori de
bei ng pref 1 S - pr i\n us, non-ionic |ayer on
the plate %faﬁgo%e\rlﬁlt gﬂ%lg%t%{) Cg{ls't lk%g?%_%%?at@ijgﬁesa)l%k Pat ent Application

Publ i cati on 203/ 9229393 of Qo ik o 0biich® hnBGLAGLRLRA her oin by
reference, describes conpositions an t hods for produci'ng a medi cal

devi ce sucidelelisl erpganitorsy GardinvasgRadiet Med. 3@rDhERi% vascul ar graft, or heart
val ves, which are coated with a bioconpatible matrix which incorporates
anti bodi es, antibody fragnents, or small nol ecul es, which recognize, bind
to and/or interact with a progenitor 20 cell surface antigen to innmobilize
the cells at the surface of the device. The coating on the device can al so
contain a conpound or growth factor fi@r pronoting the progenitor

endothelial cell to accel erate adherence, growth and differentiation of the
bound cells into mature and functional endothelial cells on the surface of
the device to prevent intinmal hypetplasia. Methods for preparing such

medi cal devices, conpositions, and 25 nethods for treating a manmal with
vascul ar di sease such as restenosis, atherosclerosis or other types of
vessel obstructions are descri bed.



SUMVARY OF THE | NVENTI ON The present patent application details

nmet hods for isolation, differentiation and expansion of stemcells froma

ti ssue. For exanple, the stemcells may include 30endothelial progenitor

cells (EPCs). Alternatively or additionally, the tissue may include human

peri pheral blood. Typically, the stemcells are transplanted into the donor

or into another individual (e.g., in order to enhance vascul ogenesis

and/ or angi ogenesi s and/ or neovascul ari zati on). The present patent

appl i cation pro¥ies 2hr@pGeolyrese rmproaditivring augmaty efficeynefhwinag
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Extracti on, of cell u% ar sub-popul ations froma tissue; (b) expansion and 5

differenti’ation of EPCs in culture for 1-30 days (or 3-30 or 4, 5, 6, 7, or

8 days) in enrjgched, cul dium ~and/or (c) identification of cellular
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descri bed 2§§(§fi}ﬂ9§§b te specifically to EPCs derived from bl ood, the scope

of the présent "I'nvention includes techniques for use with stemcells 10

derived froma Lety. of.- b ti, .rut at es _nut andi . For sonme
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and/ or a gHfarentietion istsielpied by tnybmpbietn. Aipdep Ipefi(Hhsadalsabl ood nononucl ear

cells, separating a population of cells rich in CD31, and progenitor cells

from t he monontedselen @edll (0B Fofuoreittin gs ewpaient tiheselogie shisulme dler

condi ioonnddahiorbleni@ SRl HSAR ARG, Fbd(8: dpyg £r 0geni tor cells present
0

in the mxture of cells to differentiate | es and proliferate. This ex

Vivo expansi onved@peti s ueh)Cetkedetilel frbBRURALANSRANGiM HIRGHPTEPCS 10 the
circulation s bel ow _0.,(§L% )Fol I oSvi ngﬂlt hi s augnent at | on E‘?g‘%{é*f’{)t"ﬁg cells may

be i npl anf¥MBY i atsiEn 2ndgctionp Berthee sddinse pha mvshavistio dink detymen  such as

the cor onar#adtRe pRidn Ad dafiadciRr SVQGAT diriuRh, ﬁ)9?@?:i2%§‘§-6¥].20Ther eis
therefore provided, in accordance with an enbodi nent of the present

invention, a neshemkat05,088 884359028 1 @t 88760006 TdnBC UG NGhich are aPP! Yi NG
bl ood {50 acfi rsg gl%adi snt fsui table for selecting first-pass cells having a
densi t'y | ESHORAG berese By gofepence, generally desgriby Rhaaceisal prodyctsgadediag| | s to a

second gr &l prperiistabhe fometbels 6t BBl SRCABApaRPASS, B ARndAY NI a
i ncreasi ng the nunber of

density bet n 055 an . 074 g/.nl; an ] :
cells havi’?%ﬁgn%é’%"&%t Jes t%‘@'ﬁ“"f’. 085 htgcted ateny) #ad, Mmyome| prefertedy t he
second- passibodiinests fodtargeting b BihidBadsisMbdbRIVRAPecHi@Md6atBhs. dBYSample, | N an
embodi ment,, ﬁgrﬂ&ll ng) the blood cells to the first gradient includes
appl yi ng tie" BIPSEES a0 RegUsad iy RPassren piRBaneRs ?Fgmd%bmf;ﬁﬁéﬁnéméefne%ﬁcr ose and
cpi Ch:2@r ohlydniator,seig.n 230 ?Spr@aﬁg:)é' deniCagugs, Rk ﬁct(vlag@to (sﬁsﬁﬁﬁﬁﬁmol & gci en;:es,
Uppsal a, en) _or L rep (T i s-Shie Pge AS, Osl o, Norway) or
obt ai nabl ésly}ﬁ{rg%%# %%‘E%%‘?ggs %ﬁ?l&ﬁn_aﬁvﬁ’?ﬂa%ﬁéﬁbaa?mw Fheregspi&ons yaygbadi ent i s
]E)_r epar ed tnyedaltcf éntand Gi;]-anmoﬂmliaidzht&m of an inj_ukd?ll Ellao@'ﬁf@%%, ngat ﬁhuﬁl@&%u)éé ng the
i rst-pas ell.s, to.t secon radi ent. i ncl udes applying the first-pass
cells to zesger“ adt l@’n??lrﬁcﬁ%fnﬁg’ﬂtﬁé S&ﬁogd‘lfé‘aﬁgquﬁ?%ﬂagﬁ’ffof | odi xanol such as
ptiPrep (TM 85 MGPIRRE10 WA S, S £ ldFoRtea 1wy NALNEY)
25 describes high-dose chemotherapy treatments for patients suffering from certain types of
cancer. Ju order to facilitate recovery, a process for the ex vivo expansion of peripheral
blood progenitor cells is described, wherein CD34+ cells are enriched and cultivated in a
medium comprising 1L-1,-IL-3, 1L.-6, EPO and SCF. The ex vivo expanded peripheral

blood progenitor cells can be administered to cancer patients after chemotherapy.

30 US Patent Application Publication 2003/0199464 to Itescu, which is incorporated

herein by reference, describes a method for treating a disorder of a subject's heart

11



I n an enbodi nent, applying the first-pass cells to the second gradient
i ncl udes 5applying the first-pass cells to a gradient, including
pol yvi nyl pyrrol i done-coated silica colloids such as Percoll (TM (Amersham

Bi osci ences, Uppsal a, Sweden). There is further provided, in
accordance wth an enbodi nent of the present invention, a nethod for use
wth extracted stemcells, including: appl yi ng tissue including

the stemcells to a first gradient suitable for selecting 10first-pass

cel | s haviimglvingdewsgifteyrdiosryscstdsaThe methad gociddes administaried pithegsubleet 4 r st - pass
cells to [ - SHI Sl ' : - | I's havi ng
a densi ty% ‘e?%dg%n%.rg%gsﬁ g%ljgé&ll?%%ﬁggﬁﬁ%ve {% &ﬁ%lp%%}?lﬁ%&. 4,9 @gf%gﬁﬁ_ pass cells
to a thirdvitjindle abiectilicrro @ tp drorabi reat ttherdisordsr- T ap ambodimpritshrgpiing a

density bel we@h LndmmiidNfrodeB s rye aagglicjaﬁj)d’lgfsga&g%é heaouiripgr of cells
having a density between 1,055 and 1.068 g/m, by culturing the third-pass

cel |'s for datepaiping theisussentipgitp el apetiongogyte ingosubigtdo apoptosis. | n~an enbodi ment ,
the third gradient is sujtable for selecting cells having a density between
1,056 and 1. 068C G ke g Rl/adiah it Heror iR et B W 1 0 the
third gradifmphce Medilas o Sebieed on Gtibtliege hissulb@nkag od BeRaily ieeween 1. 059
and 1.068 d20 gqeém ey .There is al §o provi ded, Il acc?rdanc.e Wi th an
enbodi ment92BrEAHESI5 B 8 SHRISG SOBRTTIN (&) ZeRyiotie gels HiltRERIR Mt ed bl ood,
} ncl ;Jdi ngisubjecit;l (®) ﬁl@@eﬁh@@dﬁk@ﬁﬂtﬁ%eﬁt& icfl‘ﬁtfrc@% aglsi g&h/ctrsnmd; (cg?ht@:dfl@!ig selt ﬁCti ng
i rst-pass, ce ving.a nsity - s. fhap_ 1. ; i.ng e

(1 1ot - PhocrceipBerboSife il grimnwid ulm B EHorIEb Rl RRECSTtbnd-  pass
cel | s havithg tiee pretisdcky mipeitsvae mdlstiataretlastuldizhtigd 6f thealshe. The stanncubati ng
t he second-pass cells on.a surface.i.ncl udi J.., coated w.th) plasm
and/ or an cﬁﬁst }f”%ﬁ“yr.emove‘fqd““% Or Y ApQPiizatiopy dﬂ]g iegﬁ"aﬁ%@l %P%e\?ﬁﬁrec\gi}s accor dance
w th an eritezedpamdat baibre il@dpeties entd tH3GUje@NA nefhod @f Ebdiogafetigenese il t h
extracted bhl.oo i.ncl udi ng: appl yi h t first gradient
Uit abl o rpiageb i g YpitFage. et BER ot RS PREPLr il Pl delib ) 77
g/m; 15 trafipyingi ofghtniee Booe sherpasdericel bslothelid elcaemrgrsati datitsof t abl e for
sel ecting 2eCond: Da5S Cehl i A0 RoH2Sh s PR Wi ider g iy 074 O/

progenitor cells to a subject; (b) administering chemokines to the subject so as to thereby

atiract endothelial cell precursors to the ischemic tissue. A method is also described for

stimulating vasculogenesis or angiogenesis of myocardial infarct damaged tissue in a

20  subject comprising injecting allogencic stem cells into a subject. A method is also

described for improving myocardial function in a subject that has suffered a myocardial

infarct comprising any of the instant methods, A method is also described for improving

myocardial function in a subject who has suffered a myocardial infarct comprising

injecting G-CSF or anti-CXCR4 antibody into the subject in order to mobilize

25  endothelial progenitor cells.

US Patent 5,199,942 to Gillis, describes a method for autologous hematopoietic
cell transplantation of patients recciﬁng cytoreductive therapy, including: (1) obtaining
hematopoietic progenitor cells from bone marrow or peripheral blood from a patient
prior to cytoreductive therapy; (2) expanding the hematopoietic progenitor cells ex vivo

30  with an ex vive growth factor selected from the group consisting of interlevkin-3 (IL—B)_,
steel factor -(SF), granulocyte macrophage-colony stimulating factor (GM-CSF),
interleukin-1 (JL-1), GM-CSF/IL-3 fusion proteins and combinations thereof, to provide

iz



5i ncubating the second-pass cells on a surface including a growth-enhancing
nol ecul e other than collagen or fibronectin. I n an enbodi nent,

i ncubating the second-pass cells includes incubating the second-pass cells
on a surface that includes, in addition to the growth-enhanci ng nol ecul e,

at | east one of: collagen and fibronectin. 10There is yet additionally
provi ded, in accordance with an enbodi nent of the present invention, a

met hod for use with extracted bl ood, including: appl ying bl ood to a
first gradiceftarguipnagbipie comaprisgig) aceppied ipprilativa 0§ PEesienisor ipgls: #gd &3)densi ty

| ess thanadm@keriM¥ine cellular prepa@Bdtl Yd BG {iﬁi@ntf tdnSlirdddy Svifteh! ®llb@ifk second
gradi ent suitable for selecthghsecond- 5 gass cells having a _density

bet ween 1°085%uHw thewpy Hrmsthogneptionally ipglpdes e pglieiey Seeeiat pale celis for
a period kasiidg QekneRdorko %&ﬂlit@e@@w?oieﬁb Frofdhithidells MesthddphéIGlisld Ng up to
596serun1é§ g., no serum |ess than 1% serum _or be%&fen 1 and 5% serum.
There s &89 F FubseRyPRiTsREICRY W 8% PRESefimenh, srowihy fagion Ketagifitalp engradmseldi ment of
thel 20 pr glﬁcerjiéoiimm]E io@rhenﬁtd@sgfeh@qxégzmmg Jeeny} Etk‘rniﬁiéfefs’dﬁixﬁdh?!déﬂﬂar i ncl ud: Ing:
appl yi ng blood.to irst, gradi.ent suitable for selecting first-pass cells
havi ng a HERCRGH TheRateak als0 fesgribesy hmatopoietc prgmyloreplk GrBAsIcR Ghedithas cel | s
to a secorGmpdsiidh eshprisitigtcald hedih 0 ex @h@Gkdvl f:26600d amaBsoeebhfm. havi ng a
density between 1.055 and 1.074 g/m; and 25culturing the second-pass cells
for a period |€StHaregt BESGERN ol Sasbas vdghsisi inca@paated Beeinned raferendec| udi ng

gr eat t 01 e to %.s€er n enbodi nent ul.turing the
secon 6 parsle gsrlf:l%fsl %5 g‘fliﬁéﬁnuc gt;égccﬁﬁ %Lrj%%hdj laftrﬁttaha{s éné’glﬁ - Eﬁ)aSgbsSh%tglcP%te(? h lté Tulture
medi um i nelowgdk ngbk esdinghdolR@es Sbrilanihe method of prephlieg éieicsllades eopedvi ded, “i n-
accor danc ' : i . . . . . 301 AV iLon, hod for use
weh extr 53 B DuBr ORRPR oy o BHERE Rl R B sudelBAIC0 T o
sui t abl e fdotillgkivatet puig af tispwst eqbassdige | Therehitey.i thg dish denigintng thessllaglran 1 077

/n, i K ES l,] j itable for
Jeleet i ng LARRIHRE 1 iackh 1o} nBARD n6Ged by RERERRS A0 SRl sl (201 © 101
5duri ng a ulteaniodet ight TherEibdle spdventcaniitadhdratp thheboewordhepdisls thelkirin a
cul ture

evaporates in the sterile air stream and is removed in the laminar flow hood exhaust, and
the ultraviolet light ensures that the resulting thin layer of collagen fibrils is sterile and
ready for the inoculation of living cells. The method is described as vielding a
convenient precoated cell growth plate which can maintain reasonable shelf life when
20 kept at room temperature without any significant decrease in cell growth support

properties.

US Patent 5,932,473 to Swiderek et al., which is incorporated herein by

reference, describes a cell culture substrate that is coated with a compositibn containing

a cell adhesion promoter in a salt solution. A substrate such as plastic, glass or

25  microporous fibers is cbated with a composition containing about 5 - 1000 ug/ml of
poly-D-lysine in an 0.005 - 0.5 M citrate or sulfate salt solution, in order to provide
about 50 - 500 uf of the composition per cm?2 of substrate. The coated substrate is rinsed

to remove exfraneous materials, and dried to obtain a coated substrate having increased
shelf-life and/or stability. The coated substrate may be sterilized by rinsing with a

30 sterilizing medium such as ethanol,
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medi um i ncl udi ng | ess than 10% serum and during a high-serumtine
period, culturing the second-pass cells in a culture nmedi umincl udi ng

greater than 10% serum In an enbodi ment, culturing the
second-pass cells during the lowserumtine 10 period includes culturing
t he second-pass cells for a duration of between | and 5 days. In an

enbodi nent, culturing the second-pass cells during the high-serumtine
peri od i ncl udes culturing the second-pass cells for a duration of between 1
and 30 days. US Patent 6,040, 18 Septelnt whichulit incorgratddebsedn diydrefagse.cel | s

during t h%eslcﬁ%s%@é’tﬂrﬂ@s Eﬂxcﬂﬁa’taﬁﬂé i@ldthls ?acﬁﬁa{‘aog ﬁﬁgh f&t&(—bnﬁ&’mQ Uéptaﬁ JR/Q)% the
second- pass cells duri nﬂg@tl%@é%l gh-serum t

enmbodi mentissue GriEe-freied Fe-Spelsas, f@é##aglpéﬁalf"ﬂ?ﬁ@ﬂ@li*?@ssabwa%r umtine
period is perf rrred foll ow n% cul turing the second ass cells during the
hi gh- serum ti ng> pet§eh 450,231 o Ozkanpwhigh jis; igcoreRdid PrreiniW¥etrferenseaccor dance

with as embedbsaenmt nxﬁfunbefﬁhyw}'fass@ﬂﬁmg@of @y&ﬁﬁlloerﬂae mcerfstdefeﬂmhptmﬂd&?e with
I NC ood to a irst radi ent

extracted bl

sui t abl e stq&%ﬁ%ﬁeﬁb@gﬁ% 36&@5%&@&5&4@%@{9%@1@%@@% JoF ad5 ¥an 1. 077
g/ mi; anﬂwfdﬁm\e@edubﬁmﬁhdxﬁdp@ﬁﬁ@ mhlvﬁntaaheae tsewﬁn%@éw&asm table for
sel ectl ng ss cel.l s having a de SI m)[ep’r%e 055 and 074 g/m ;

25during & I??yg B‘F%r‘mlﬂk}‘ffe‘i‘)&? Lok WPGCIF“&%PP&F at |east 2

hour s, Culliym' |amy ttehﬁngs €eongkr pasprodele| & llmiiiﬁﬁod'l/oﬁ tﬁ@@ﬂio{uhtoﬂis imaRek
cuI t he

durin 0@ N9 eriod |asti
secon pasccs)mglgﬁs trh%ggl?mﬁroﬂ’aWﬁ p@b’ﬁ%?'%’%ﬁ dema“ POIWIer t"rﬂftgng%rﬂ ext of the
pr esent p@blynten@ppﬂynlu&tanoarddmd:f|pﬂlybthﬁeﬁbl Aiyaos., - A bﬁ)dﬁ@rfm 1&@ @!ﬂﬁxrﬁﬁpni a e
refers to ntrat.i on of at ter th In

embodi rrenta% f ﬁfﬁglh Xt Rt ?—V%gzﬁtnﬂ? fB’@?eflg’és’ aﬁti’cepW?ﬁPlﬁ ‘ﬁ‘dé’ﬂm”&ﬂ ng t| e
period | ashion@e barsgsprefened, 3Gthdaywr ofnudh aok-prordimagectd) @oseadydpassheel | s under
HJH condi t | ellsor des cg{hwg ng. t he second-pass cells under HH

condi ti ong url ys of the culturing tine perlod 51 n an

enbodigent,, "iéa'fén%‘h Hﬂ%@oﬁvp\i‘bﬂéa%n 886%/@%39?% *k 0 & Cehlgsd ng tine

perio Iastlng ess t , and urin Lelohia- pass “cel I s under
H H condi mogn@ratmm by mﬂrmm degertber c@mmaq)asismcm(bds Soyrdaireirg)/ 4

embod mont K RLRH haTh s By 0 Blary Dk Sl o B8 Pt g i e 10
period | as’thlqhgﬁrt e@%edt tiina Bacdawnbleandm whichringgpardies sibald; paidedcel | s under
L1 ol SRSl LI Bl RO L R
days @f t leell @j.ufapg piitiggn to uxmopéuzp t.cells at the surface of the device. The coating on
the device can also contain a compound or giowth factor for promoting the ﬁrogenitor
endothelial cell to accelerate adherence, growth and differentiation of the bound cells
into mature and functional endothelial cells on the surface of the device to prevent
intimal hyperplasia. Methods for preparing such medical devices, compositions, and
25  methods for treating a mammal with vascular disease such as restenosis, atherosclerosis

or other types of vessel obstructions are described.

SUMMARY OF THE INVENTION

The present patent application details methods for isolation, differentiation and
expansion of stem cells from a tissue. For example, the stem cells may include
30  endothelial progenitor cells (EPCs). Alternatively or additionally, the tissue may include

human peripheral blood. Typically, the stem cells are transplanted into the donor or into
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In an enbodi ment, culturing the second-pass cells under HHconditions is
performed prior to culturing the second-pass cells under non-H H
conditions. 15l n an enbodi ment, culturing the second-pass cells under HH
conditions is performed followng culturing the second-pass cells under

non- H H condi ti ons. There is still further provided, in accordance
with an enbodi nent of the present invention, a nmethod for use with
extracted bl ood, including: applying blood to a first gradient
suitabl e 8T drdvdnalde.g sqrdesde snhepte) wsivinzprrgis ardoensisigeyes @ad/ot han 1 077
g/m,  neoaRPlaizdi@ny. hend prlesdut PASSE afichifonl RoRd@ 81 9EadbaRAISHI tabl e for
sel ecting second-pass cells having a density between 1.055 and 1.074 g/,
and PR PR PPEREBI JUBREE of dimcgonah BRCe.y| Thgracthasdidaseribed| udi ng at

| east one infludehe(af Bkir@vibmGr camdrfshmgsgu@dtﬁbﬁb FMEE tissuéF(b) EFansién B ecul e from

the estro fam | e, 2 7-13-estradiol, estraone, estriol, an
est r adi’ol %eb%rr?l\%tﬁn\%‘éé&e(gﬁt ‘F“a“d‘? c]ﬁ?’é%‘ P dew (0a2t30%0i BI° Sy pi Fnhddys) fest r anol |

qui nest r oleprichad mot@ckibdiurhy Hidor (9 i@hORAGS 6F deBillh QonlpBadis of hOGRELEr ONE,

hydr oxypr ggest er one roate, nedrox esterone acetate), a statim(e.qg.

S ey ot 1 R PP RS et SRR A BE B i oy stood tha

Rosi gl i t azdress some embodimentndeaeribed ihareint relateneddaliglitaBeth dem@@ Honi NCl udes

Rosiglita , .and culturin Ot he. second-pass. cel|s includes culturing the

second- pa;bgoq’géfhfssc?pﬁ ot %P{egﬁﬂgl lgfoﬂrﬁl‘ﬁ Fffiff“i‘f U9RJEY e Wikl Sfr@, cells In

an enbiddi rierited fiohea wtriatyi aff bodyaisede smBisirvagindisi n or Atorvastatin, and

culturing the second-pass cells includes culturing the second-pass cells in

a cul ture nedi tm Some| applicatorBi the astilakli compriseAtcalleetisg ablood simplaogndodi nment ;- -

hor none ngy I r r ,n.famlies.5 include

17-p-estr a&.ﬁ%fgﬂgﬁ’éf“ gg%nté’? %@% eggﬁn%&%gﬁl?%}’%ﬁﬁg&"%l h%éoogcregé%nr? 9%%% § ngsel S

i ncl udes ceparating agopuiatios of oalld +ioh &sCRH, sl firpgeaitondelufran thedharmichet udi ng

17- P-estr agdh @l FordAbi " ! i t, hornpne

nol ecul esa('gr or‘?ftﬁ)ﬁ’géngsgg%ggﬁ]%geﬁ%fﬂgrﬁ%dglég?nfiﬁmﬁ%%%‘?’g%glgsﬁc 6551 BAOPOSUG S+t 1 adi ol

and prBgegresenitns cellsrpdesentl 1n thei migturdyed csldscto Wiffopatiste dmb FEC arad proliiferad cul t uri ng

the secondrpass.cg! ki [ ' i - B- radiol and to

whi ch progester Blng elklzanglgléggﬁ g% %’g’?ﬁ?ﬂg@?ggbﬁ&g%ﬁﬁﬁgm%gr & ﬁl%ns 1<'§11£1{heenbodi ment ,

hor none nsiredlaticasist badow thiees Follyane dniel apgrogessivn rstdganitiei edls iml bele

17- 13- est r;adi-0kq 303, REOQESHE oul turi e -pass cells

i ncl udes (:Iu?taquli _ng t%etﬁge%%ng@ggggéggluﬂﬂei ﬁé@g?%{ﬁ%{f,ﬁ%ﬁﬁggl BU%IP%%Y udi ng

pr ogest er oisesels neinfethomyedsrdign oL Ppasisutr adi ol is added after a certain period.

There is yet further provided, in accordance with an enbodi ment of the

presem? i nvent iTB#¢ intheefare aravisied. is acegrdancewith ae teedoditenh ofeh¢ gresdohc| udi ng:
invention, a method for use with extracted blood, including:

applying blood to a first gradient snitable for selecting first-pass cells having a-
density less than 1.077 g/ml;
applying the first-pass cells to a second gradient suitable for selecting second-
25  pass cells having a density between 1.055 and 1.074 g/m}; and
increasing the number of cells having a density between 1.055 and 1.068 g/ml,

by culturing the second-pass cells for a period lasting between 3 and 30 days. .

Tn an embodiment, applying the blood cells to the first gradient includes applying

the blood cells to a gradient including copolymers of sucrose and epichlorohydrin such

30 as Ficoll-Paque Plus (TM) (Amersham Biosciences, Uppsala, Sweden) or Lymphoprep
(TM) (Axis-Shield PoC AS, Oslo, Norway) or obtainable from another source. In an

embodiment, the density gradient is prepared by a technician on site.
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applying tissue including the stemcells to a first gradient suitable for
selecting first-pass cells having a density less than 1 077 g/ ;
20applying the first-pass cells to a second gradient suitable for selecting
second- pass cells having a density between 1.055 and 1.074 g/ ml; and
i ncreasi ng the nunber of cells having a density between 1.059 and 1.068
g/m, by culturing the second-pass cells for a period |lasting between 3 and
30 days. In an enbodi ment, the nmethod includes extracting the
stem cel | s fr o oeeb@Enamtrapplng the first-pass ealls dorihpdiepadt gradidné invbdbod i ncl udes
mobi [ izin r ; Id ] . fon of the
stem cel | %p Ll@ﬁg%ﬁ&?}g?ﬁdﬁé Sﬁ%gg{yn%%?%t’ﬁﬁgﬁ% %@3&%%{5% %ch‘g{sogeogﬁr)%%%?ﬂng the stem
cel | s frorfi#l BEWLPIEOTM) edfycedsnd (BYibGkkis-Shield RbE B8, OdlofMuwsy)or a pl acent a.
30l n an enbodi pent, culturingwéhe second-pass cells includes: culturing

P

t he second- pas& #etnkodipen applyag thofitshpase pell e ithrgregond; gradienh dnoludgh of t he

period;s  applylh@RY fiRPpat cliRaAs s HANBOhlbdif: ?& pRA%8ofeRlohied ki the first
cont ai ner a he period; and 5culturing, in

the end of the fjirst portion o
a second ccGh?lﬁ? eh asgiff‘ioﬂé{]%[) LHRSTITParesof PiSHa: SEPHd, the cell's renpved
fromthe first. contai.ner. .. . l.n an enbodi pent, renovin he at | east sone
of the second- Eg%rg ‘%:gfrﬁ]gr PIocidedi e aé“%‘?r&%’f:? ﬁ”@fg?‘ﬁ’re LI R Og(-ﬂg‘el Befht  adhere

to a surf deentbn,bhethod fEtscoii aitaeed stem cells, includibg@ an enbodi nent, renovi ng
the at | east sone .of ..t he.second- pass lls includes 10 selecting for
removal cells Fﬁg?m%SEH%ngﬁﬁﬁgﬁpﬁ8n§&§dP@ g&gyﬂ?ﬁ§U$P§§#r§%ﬁp # ner .
I n an Bnbditstmest celld Ineingiardstsitg taat aemn 071 giel;udes on a surface thereof a
gr owt h- enhancing:nol gc cands.cul-turing:the cell.s i.n the.first .container
ol udes el s u PR FEiBmel e ¥ h 4hooPE et Srolle ol et o
gr owt h- enh@scielighavbigecihsity between 1.035rendh.08pladi ment, the second cont ai ner
i ncludes on a . t f r h-.15ephanci nmol ecul e,. and cul turing
the cerms in t BEUBERe SOSRERLs Bl Kl EROE NG PR AP REMaT v PR e
second condels myingtahiatsity betiveeles035hmad g 068 mlmmiianci ng nol ecul e.

15 increasing the number of cells having a density between 1.055 and 1.068 g/ml,

by culturing the third-pass cells for a period lasting between 3 and 30 days.

In an embodiment, the third gradient is suitable for selecting cells having a
density between 1.059 and 1.068 g/ml, and wherein applying the second-pass cells to the
third gradient includes selecting the cells having a density between 1.059 and 1.068
20 g/ml

There is also provided, in accordance with an embodiment of the present
invention, a method for use with extracted blood, including:
applying blood to a first gradient suitable for selecting first-pass cells having a
density Iess than 1.077 g/ml;
25 applying the first-pass cells to a second gradient suitable for selecting second-
?ass cells having a density between 1.055 and 1.074 g/ml; and
incubating the second-pass cells on a surface including (e.g., coated with) plasma

and/or an antibody.

There is additionally provided, in accordance with an embodiment of the present

30  invention, a method for use with extracted blood, including:
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I n an enbodi nent, the grow h-enhancing nol ecule is selected fromthe |i st
consisting of: plasma (which can be autol ogous, allogeneic or xenogeneic),
col l agen, fibronectin, a growth factor, and an antibody to a stem cel
surface receptor. 20There is therefore provided, in accordance with an
enbodi mrent of the present invention, a nethod for use with extracted bl ood,
i ncl udi ng: applying blood to a first gradient suitable for selecting
first-pass cells having a density less than 1.077 ghnl; appl yi ng
the first-passappllitsbbad & 5 6cbpddigntaditend fe utltaink dirdt@asssellebdvidpga second- 25

pass cel | g.hayl . between 1.055 and 1.074 g/ ni; i ncreasing the
nunber of cﬁﬁ¥ﬁ£ﬂ%€?g§?§b €nsity between 1.055 and 1.074 ghnl, by culturing

t he second- passappdétg theffost-rasspehs teda bastd godioat swidde PraniciB@ deaypd: and
i dentifyi i cultured cells.
Yi R QBaaLhe| a%wﬂg BERELL 855Gk L 574 IR

In an enbodi nent, a |rst gradi ent i ncl udes
appl yi g the 3910@3@@@ thep segonshpast icelts dmel wetfarsy ingludingod wrmevth-efhaseing ose and

epi chl Orohﬂcﬂédu[&otherthancol ge@d}fﬁmﬂgginnent applying the first-pass cells to
the second gradient includes applying the first-pass cells to an aqueous

sol ution of iodi xangfbodiment, mcutdimgrkh@@@&ﬂ& B?é@%ell@%ld@e@%cﬁﬂﬁm&'tﬁét pass
cells to the secaond radlent i ncl udes ap I N first-pass cells to a

gradual déef¥P ?E@O‘Feulf|Q§‘nalsﬁfﬁ‘cﬁdﬁhﬁtgmﬁblld9ﬂvllﬁﬁd P’Fd?l%rgéﬂ eRHpeEE si | i ca

col | oi ds. moleculel &t 168t @FROALIERBL andaMRnéti® the bl ood cells to the first
gradi ent includes applying the blood cells to a Ficoll-like gradient.

I n i’indmrbodi lrreﬂhereaﬁpét%/ddﬂmohdl@ ﬁrb\h&éd Ras&ofRhdeSwitl0 ah Qﬁllbﬁa%ﬁl@ﬁ'tdofgtﬁédi ent

i ncl udes a ing the fi ass G an |Pre i ke gradient. 10In
an enbodi rfgﬁf”}lt I%V%BV% ﬁﬂls{bﬂéﬁg it ‘3%@“‘&‘&?1?’%‘1 %“@W@ I[s)econd gr adi ent

i ncl udes appl yhplgym@blobaﬁ a ;ﬁmgradehd suithifle forReleitlgl firktidess @iadingiy a

There is q{so § ﬁﬁg§§ 7§P accordance with an enbodi nent of the present

i nvention, ?ﬁ ? gg with extracted stemcells, including:

appl yi ng ti ssuepplymg tcti fivgt-fiabrecedlt eome aedond ghadient fuitable fg’rs’tiﬁc@ﬂgt seBetidt abl e for

sel ect{Nng ass cel |l s havj g a ss than 1.077 g/ m ;
applylﬁg #ﬁ? |r§?ﬁﬁa§?ﬂ%ﬁPP¥@?bf§ E@éﬂﬁﬁzé&édpgnt suitable for selecting
second- pass cektlguingvhagpeanddersidly fored paerd 1Astlp Demnren 1.0d4 Gt a

culture medium including up to 5% serum (e.g., no serum, less than 1% seram, or

between 1 and 5% serum).

There is still additionally provided, in accordance with an embodiment of the
20 present invention, a method for use with extracted blood, including:
applying blood to a first gradient suitable for selecting first-pass cells having a
density less than 1.077 g/mi;
applying the first-pass cells to a second gradient suitabie for selecting second-
pass cells having a density between 1.055 and 1.074 g/ml; and
25 culturing the second-pass cells for a period lasting between 1 and 5 days in a

culture medinru including greater than or equal to 10% serum.

In an embodiment, culturing the second-pass cells includes culturing the second-

pass cells in a culture medium including less than 20% serum.

There is also provided, in accordance with an embodiment of the present

30  invention, a method for use with extracted blood, including:
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appl ying the second-pass cells to a third gradient suitable for selecting
third-pass cells having a density between 1.055 and 1.068 g/m,

20i ncreasi ng the nunber of cells having a density between 1.055 and 1.068
g/m, by culturing the third-pass cells for a period |asting between 3 and
30 days; and identifying endothelial progenitor cells in the cultured
cells. In an enbodinent, the third gradient is suitable for selecting
cells having a density between 1.059 and 1.068 g/, and wherein applying

t he second- passpptyhd Sloddtct 4 ErsP Stafiientbugbdedioe ntledting fimttesssselleiavingg t he cel | s
havi ng a ' 059 and 1.068 g/ m . There is al so
provided,qgn %%%?%%pﬁgﬁ’ ’h an enbodi nent of the present invention, a

met hod for useapplyihg trtirstepassdecs doel secomt Eradientgpuitable for selectingpptopiing bl ood to

a first gradi i t i -pass cells having a 30densit
gradi et %?%%%@ﬁsﬁy B%S%ﬁ"%% r?&gl&‘ 9074 #/ﬁﬁ, p 9 y

| ess than '1.077 ) the Tirst-pass cells to a second
gradi ert sui t aBt&gf lovsedraat iy Paindo Adtupiag shececpnd-pass celly ia alerbid y bet ween

1. 055 and gled@fdinSiulihe 1esinbd fdon GertRendecond- pass cells on a surface
i ncludi ng pl asns; an% identifying progenitor cells in the cultured cells.

51 n an enbodi méwing & highseiupyting deiikfe SuidEing Uh pryortieass selnit- paddrcel |'s on

t he surfaqgedide@mg{ﬁggr%%;@ggm%s&%t ed with autol ogous plasnma. In an
enbodi ment, culturing includes culturing the second-pass cells on the

Sﬁr f ?pe; when tdign %hib%:ﬁﬁ@?t% Sulfdiag @ ssl&dnh-paés %eﬁ@%ﬁd@&eﬁb@%lélﬁmsﬁhﬁcg eﬂ from
the I1st consisting of:, allogenelc plas nd, xenogenei c asma. 10There i1s
al'so phbyi RIEEN P HOS CElSHRE T gORes RO AR REISE SbPoIFRE [BSeRtS. .. .
invention, a nethod for use with tissue, including: culturing the tissue on
a surface in CFEIHPIP'I ﬁmbﬁngrgﬁr&,_ culturing Ehe second-pass cells dur%lg i 1gh-seruth time

period includes culturing the second-pass cells for a duration of between 1 and 30 days.

In an embodiment, culturing the second-pass cells during the low-serum time
period is performed prior to culturing the second-pass cells during the high-serum time

15  period.

In an embodiment, culturing the second-pass cells during the low-serum time
period is performed following culturing the second-pass cells during the high-seram

time period.

There is further provided, in accordance with an embodiment of the present
20  invenfion, a method for use with extracted blood, including:
applying blood to a first gradient suitable for selecting first-pass ceils'having a
density less than 1,077 g/ml; '
applying the first-pass cells to a second gradient suitable for selecting second-
pass cells ha{iing a density between 1.055 and 1.074 g/ml;
25 during a hypoxic and/or hypercapnic (ILT]) time period lasting at least 2 hours,
culturing the second-pass cells under B/H conditions; and
during a non-H/H time period lasting at least 1 day, culturing the second-pass

cells under non-H/H conditions.

In the context of the present patent application and in the claims, the term

30 hypercapnia refers to a concentration of CO; that is greater than 5%.
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In an enbodi ment, the tissue includes blood. In an enbodi nent, the plasma
i ncl udes autol ogous plasma. 15There is al so provided, in accordance with an
enbodi ment of the present invention, a nethod for use with extracted bl ood,
i ncl udi ng: applying blood to a first gradient suitable for selecting
first-pass cells having-a density less than 1.077 ghnl; app! yi ng
the first-pass cells to a second gradi ent suitable for selecting second-20
pass cells having a density between 1.055 and 1.074 g/ ml; culturing the
second- pass cein23 B@hoﬁm%!tg%@@ pasctondi/Hdinzrpesinds asodifhin awultirthgtimief yi ng
progeni t opedl ladtidgNiebd et Udd WERT a6€! éuﬁmfdgnth@nse%ﬁaqﬂwgms, wid2f rpfogeni tor
cell's (EPCs),” an

cells include, endot helial progenitor é nd wherein identifying
t he progefPrdgiong icludes dipiingathe serond-pasy icelly unper Iﬁﬁ)&qﬂd@s%dwg@r@étdi ment ,

cul turi ng thd@dyt 08 Sullutitd iB@pdd@. second-pass cells on the surface, when the
surface is coated with autol ogous pl asna. In an enbodi ment, culturing
i ncludés cul t Ukiaf @mbbdmemCihe H/ip asbn@el/HI @ pdibes Senimae. cullien ke surface

i s coated mi&pgﬁéllﬁgs on -ﬁ]asna selected fromthe Ii§tP§§nsisting of :

al | ogenei E¥H it el ogoe aYS, 28f Soffring the secqndepass jeells, padst JUEVi ded, in
accor danc eomditidas archdabadinig theateccnb@apreeliemnidet AL Bbidibns Auimt Sk f or use
with extracted blood, i.ncluding: applying blood to a first gradient

sui tabl e ?%?&%%Pt@%ﬁﬂﬁﬂ?$ @?P%ﬁ@s cells having a density less than 1.077
g/ rol; 5applyi t g r st cel | .a second qgradi ent suitable for

sel ecti ng secoir}ll n eglgcs}ésdng%! tﬁlg%ﬁ%\a}?(ﬁ%on%{ ehsi 1y obe {cl\g"é f.cﬁiargméﬁﬂml. 074 g/ m;
cul t unPngpeiel Setentbspdiva 3@|dags, omd aculturifeade sacddaglisngelds gnd@mtimienhanci ng

ot ecul e Qhigkont MRGOLIARRN 1RseddBHPR%EA! BhaePfr beloh 1P RL PN tor

cells in the culture
hours between a first two days and a last two days of the culturing time period.

In an embodiment, culturing the second-pass cells under H/H conditions is

performed prior to culturing the second-pass cells under non-H/H conditions. .

15 In an embodiment, culturing the second-pass cells under H/H conditions is

performed following culturing the second-pass cells under non-H/H conditions.

There is still further provided, in accordance with an embodiment of the present
invention, a method for use with extracted blood, including:
applying blood to a first gradient suitable for selecting first-pass cells having a
20 density less than 1.077 g/ml;
applying the first-pass cells to a second gradient suitable for selecting second-
pass celis having a depsity between 1.055 and 1.074 g/ml; and
culturing the second-pass cells in a culture medium including at least one of the
following: erythropoietin, VEGE, IGF, ¥GE, a molecule from the estrogen family (e.g.,
25 17-B-estradiol, estrone, estriol, an estradiol derivative, estradiol valerate, estradiol
cypionate, mestranol, quinestrol), a molecule from the progestin-family (e.g.,
progesterone, hydroxyprogesterone caroate, medroxyprogesteréne acetate), a statin-(e.g.

Simvastatin, Aforvastafin), and an antidiabetic agent (e.g., Rosiglitazone).

In an embodiment, the antidiabetic agent includes Rosiglitazone, and culturing
30  the second-pass cells includes culturing the second-pass cells in a culture medium

including Rosiglitazone.
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10l n an enbodi nent, the progenitor cells include endothelial progenitor
cells (EPCs), and wherein identifying the progenitor cells includes
identifying the EPCs. In an enbodi ment, culturing the second-pass
cells includes culturing the second-pass cells on a surface that includes,
in addition to the growth-enhancing nol ecul e, at |east one of: collagen and
fibronectin. 15There is also provided, in accordance with an enbodi nent of
the present invention, nethod for use with extracted bl ood, including:

appl yi ng bl oodntan embbdimsit, §e sdiiremtindesi Simodsautif or Atebaetinrgdfeilosingpass cel | s

havi ng a LIV : , ) [ J I st-pass
cells to ggggg%%&mgfgﬁ%Qﬁ?m%ﬁggéﬁggm%%ﬁmﬁﬁ?8%?fﬁgP§%§on - BSSQQé cells
havi ng a Wehding pinpersipdreer Atog8%atiand 1. 074 g/ ni; culturing the
second-pass cells for_a period |asting between 1 and 5 days in a culture
medi um i ncl udilRg gpbedmsnh kapops malseniesdeam be phirpen puberagesitn faslisss in t he

cul tured eIk 17-B-estradiol and lphogdter8fid) Qellt WERlring e sRHLBEAL tBls mekhbs | ncl ude
endot hel i al. progenitor cell's 25 (EPCs), and wherein identifying the

progeni t of RERE 38 preprbeass cellsnipi § Gy sdiumprmsluding 17-Bresgiadiol andigrs o

provi ded, pioBestgs@r dance with an enbodi nent of the present invention, nethod
for use wth extracted bl ood, including: applying blood to a first
gradi ent sui t alialaa ehbbdigehieBdrindg: bleSdlespRes tHeeblrzch and fosatislengiidsy | ess than

1.077 g/ m;, 30 lying the first-pass. cells to a second adi ent suitable

f or selecFF%%egggﬁ%H? ﬁd§§1¥%?ﬁgmﬁ%fpﬁ§“ Pén ?FV”B'PﬁEé%ﬁﬁ?ﬁg'mhnd 1.074
g/ m; 10 cultueing tthey kdegnd-h@s SO paase aeling: holidag Pgrf-eftadialsiidg bet ween 1
and 5 day%,k - a c%lture %ng n1iq&ludin? greater than 10% serum and

i denti fyi NG ProgenTLor™s 8EFY 84 A e B ur ed cel I s. In an

enbodi nment, cul tur] J nd- cells includ ul t uri.ng,.t he second-5
pass cells inu%j%u uﬁégﬁ%gﬁﬁﬁﬁgﬁﬁﬁﬁgﬁﬁgl g?fm%ﬁgﬁ%§%§?§%$5ﬁ¥%hﬁ; There is
al so provimgads 1i7+p-estrediolozad qeogesttiong mod rdolydtingethe sedond-pesspels erludesnvent i on, a
met hod f Obulzhg \fﬂetsgco%é:[pgs%%gﬁsqn 13 lc&lﬂlq'e nlle@iﬁtlnqgéhﬂgng progesterone and to which

15 17-B-estradiol is added after a certain period.

There is yet further provided, in accordance with an embodiment of the present
invention, a method for use with extracted stem cells, including:

applying tissue including the stem cells to a first gradient suitable for selecting
first-pass cells having a density less than 1.077 g/ml;

20 applying the first-pass cells to a second gradient suitable for selecting second-

pass cells having a density between 1.055 and 1.074 g/ml; and

increasing the number of cells having a density between 1.059 and 1.068 g/ml,
by culturing the second-pass cells for a period lasting between 3 and 30 days.

In an embodiment, the method includes extracting the stem cells from bone

25  marrow,

In an embodiment, the method includes mobilizing the stem cells from bone

marrow fo facilitate extraction of the stem cells.

In an embodiment, the method includes extracting the stem cells from blood,

umbilical cord blood, an embryo, a fetus or a piacentzi.

30 In an embodiment, culturing the second-pass ceils includes:

20



applying blood to a first gradient suitable for selecting first-pass cells
having a density less than 1.077 glint; 10applying the first-pass cells to
a second gradient suitable for selecting second- pass cells having a

density between 1.055 and 1.074 g/ ni; during a |l owserumtine period,
culturing the second-pass cells in a culture nediumincluding | ess than 10%
serum during a high-serumtine period, culturing the second-pass

cells in a culture 15 nmedi umincl uding greater than or equal to 10% serum
and i dentifyi rfigityinggbnpecord-pass lcellsiin atfirel @otaingr éeringed first portion of th an

enbodi menpericgul turing the second-pass cells during the | owserumtine
period i ncl udes culturing the second-pass cells in a culture nmedi um

i ncl udi ng up t'ESEERYsesiEamE #HBE Serend-pase ealls diomibe firscostainsnet-thrend cel | s

during thefﬂlg%gﬁ;r&gﬂgf&megg{[ iagdl i ncludes culturing the second-pass cells

in a sgrun}free cul ture nmedj um hi an enbodi nent, culturlng t he
second® pass e TaIngy i hEPCPHECHTERRE diting 4 sependRortiactithcpagdsthe 6éllsur i ng t he
second- passncved frem fR1fra cehithiadri on of between 1 and 5 days. I'n an

enbodi nent, culturing the second-pass cells during the high-serumtinme 25
period i ncl udda aﬁl&hﬂbbﬂﬁnﬂg fehﬁvﬁlgaw-lmnﬁ@fk}& se@ondpaghldend inclndaf between 1

and 30 t he .,second- pass cells during
the | ow s)é(eﬁ%ctmg foﬁﬁen:bog?l Cg%stg%agiéﬁr?%rﬁs ac]&o? %?%C%?‘Pfﬁrl ng t he second- pass
cells during t hi cul turing
t he second- pas]'}sﬂ%f:le Od]%%mi remolvﬁg t?o%‘ffl%agrsﬁ%etolf 1 ng)on epljl &ﬁ? gmlﬂ}g?sf or ned

f ol | oW ng s@estingifor rﬁyJQVhie:elésetbatr@d -ptesibere & 4 surfdor ifiig firteohhghbe serum ti me

peri od. There is al so provided, in accordance with an enbodi nent of
the present i nipeant¢oghodinenprabhfest Pentaiues dnclidel onxt sualeeetietsbbadrovitnc| udi ng:

applyi ng. Bhiafdn] Bofolit, '8l cgmﬁ&g%gceﬁyﬁﬁ ﬁ’x@'f toOfiaiR iRALdR Quilhig g Pass cel s

having a density |ess than ; ying t Irst pa s cells to a
second gr&@ﬂsélhthﬂ@{ﬁft?‘a%ﬁl@fﬂ@tIﬂgléﬁﬁcﬁtlﬁlgigW@E?@ ing pwdesulgel | s having a density
bet ween 1.055 and 1.074 g during a hypoxic time period |asting at
| east 2 hours Inéawmbpihﬁﬁntt%S%@ééﬁ@ptﬁa@gmé@eﬁ en g suEsce [aRek B &Shrdi ti ons;

15 enhancing melecule, and culturing the cells in the second container includes culturing

the cells in the second container that includes the growih-enhancing molecule.

In an embodiment, the growth-enhancing molecule is selected from the list
consisting of: plasma (which can be autologous, allogeneic or xenogeneic), collagen,

fibronectin, a growth factor, and an antibody to a stem cell surface receptor.

20 . There is therefore provided, in accordance with an embodiment of the present
invention, a method for use with extracted blood, including:
applying blood to a first gradient suitable for selecting first-pass cells having a
density less than 1.077 g/ml;
applying the first-pass cells to a second gradient suitable for selecting second-
25 pass cells having a density between 1.055 and 1.074 g/ml;
increasing the number of cells having a density between 1.055 and 1.074 g/ml,
by culturing the second-pass cells for a period lasting between 3 and 30 days; and
identifying endothelial progenitor cells in the cultured cells.

In an emboediment, applying the blood to the first gradient includes applying the

30 blood to a solution including a copolymer of sucrose and epichlorohydrin.
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during a non-hypoxic tine period lasting at |least 1 day, culturing the
second- pass 10 cells under non-hypoxic conditions; and identifying
progenitor cells in the cultured cells. In an enbodi nent, the
progenitor cells include endothelial progenitor cells (EPCs), and wherein
identifying the progenitor cells includes identifying the EPCs. In an
enbodi nent, the hypoxic and non-hypoxic tinme-periods are wwthin a 15

cul turing time period |asting | ess than 30 days, and wherein culturing the
second- pass celt| an aphgdimenly ppptyicg terfdsiipaeneells nethadesnd @hddiont nghutidse

second- pagﬁﬂﬁgéh§ﬁﬂggg$08%99§1 "&ﬁgg&ﬁ%ﬁnﬁﬁ%ﬁﬁﬁﬂg a first two days of the

culturing tine period. In an e ypoxi ¢ and non-hypoxi c

time-periods ameanWnitditihct, GHbIiHE tﬁ%gﬁx%ﬂﬁsss i hOhe! seé)tna dEfmctign 30 days,
and wherein Qulturlqg t he second- pass |'s under Hypoxic conditions

i ncl udes EPRIYIDS fhy gt @m§@56ﬁagﬁ§§§ @@FY§ﬁﬁﬁﬂéwhﬁyﬁd%hwHwhﬁdbhkmns during a
| ast t9wo dewsl slfcalcbi®idzul turing tine period. In an enbodi nent, the
hypoxi ¢ and non-hypoxic tinme-periods are within a culturing tine period

| asting | ess thaalneﬂiﬁodiﬁ:yﬂ applythowhebloodicetlkitd thé fiRfgrbdient $RERBHaHASR: cel | s
under hyp mg%o cludes culturing the second-pass cells under

iLi
hypoxi ¢ 25 con ?5%% F@PJ ?gp gy hours between a first two days and a

| ast two days f o r enbodi

cul turing the f§)'1econ -Oﬁgﬂsew %’s?é hhn Wﬁo%‘%’&o 8’8&8?0["3(% 1 némﬁg’ﬁ?sor med prior
to cuIturﬁmgwmh@e§G¢pﬂﬁC¢E§$mﬁ@wﬂ§quhmﬁmwﬂ@m hypoxi ¢ condi ti ons.

I n an enbodi ment, culturing the second-pass cells under hypoxic conditions
i s 30 1Berf or mel Mcimbedinegt, eoplyiog ithegffinstenss exdlo el thpasennd ekrddient imdRiienon- hy poxi ¢

condi ti ON§pplying the first- Bk CetlsSo 2baLoIRiiRVE A8y, | N accordance with an enbodi ment
of the preseﬁ?glﬁv%%?lgnesaonet Y 1@%# u%% wi th extracted bl ood, including:

appl yi ng bl 000k & A8 Hr&Rked G %@é&@arm@whsadﬂ@ﬁg%gmg o gntgo,grgs%g{ ed density

range; i ncreasi ng the nunb esired

density r&ﬁ@@“ﬁ@aE%@Wh@FW&“@hﬁﬂ?ﬁﬁQ%%%@ﬂbdéﬁm@nﬁn a medi um i ncl udi ng
estrogen and suyhsagueshd Mcmngtﬂs%@ény eausr}g Iatfﬂét%&npéﬂaﬁétfbrﬂsel

|dent|fy|?ﬂ%progen|tor cells In the cultured cel I's al so

pr ovi ded, P&@G@F&ﬁﬂé%aﬂﬂﬁﬁy€ﬁt@ﬁbb@ﬁhﬁ%k of the present invention, nethod
for use with explyag! @ Pad celld) H9cBO gradient suitable for selecting second-

. pass cells having a density between 1.055 and 1.074 g/mi; .
applying the second-pass cells to a third gradient suitable for selecting third-pass
cells having a density between 1.055 and 1.068 g/ml;
20 increasing the number of cells having a density between 1.055 and 1.068 g/ml,
by culturing the third-pass cells for a period lasting between 3 and 30 days; and

identifying endothelial progenitor cells in the cultured cells,

In an embodiment, the third gradient is suitable for selecting cells having a
density between 1.059 and 1.068 g/ml, and wherein applying the second-pass cells to the

25  third gradient includes selecting the cells having a density between 1.059 and 1.068
g/ml. '

There is also provided, in accordance with an embodiment of the present

invention, a method for use with extracted blood, including:

applying blood to a first gradient suitable for selecting first-pass cells having a |
30  density less than 1.077 g/mi;
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10applying blood to a gradient to select cells having a first desired
density range; i ncreasi ng the nunber of cells having a second desired
density range by culturing the selected cells in a mediumincluding a
progestin and subsequently in a nediumincluding estrogen; and identifying
progenitor cells in the cultured cells. 15There is also provided, in
accordance with an enbodi nent of the present invention, a nethod for use
wi th extracted bl ood, including: applying blood to a gradient to sel ect
cel | s having aarfplyisg the ditrpest @BNBI 4 yecomhgadicntrsniteds fangeletimgnecdndr of cel | s

having a ?%ggg%fggakr%gmg$ﬂ§h&%lqﬁgg§dfxmf Hﬁurlng the selected cells in a

medi umin I ng estrogen’ an roges anid 20i dentifying progenitor
cells in the c@ﬂﬂﬂn&ﬂws@bhép%$ﬂﬂhnnembﬁdenmhﬂmgphsnpmw@est|n i ncl udes

progest erone. <ﬁnﬁ?m§5ﬁ%ﬁ#ﬁF&hs F@lﬁﬁ&d% gn includes estradiol. In an
r

enbodi nent, cultu udes culturing or a period lasting between 3 and

30 days. 25Theffai SuBbdeh QMhﬂﬁQundlﬁBe@%ﬁﬂfrﬂ@%@ swohmpééa C%HPB{J fient of the
present invention, a met hod for uUse with extracted bl ood, | ncluding:

appl yi ng Br&s6 Wllfﬂéhefﬁ‘l}'%‘t“@?"&fffi&@ aglglogesipkasmar  sel ecting first-pass cells

havi ng a densi S han 1.077 plying the first-pass
cells to a sec%ﬁ F&&%ﬁﬁ? §WF¥§%I@E$%F°§@F@@ﬂﬁﬁd3§@éﬁﬁﬁ‘ﬁﬁbﬁgéh%elIs

havi ng a detkisdef wh@ﬁmﬁe@xﬁa&- 35%aef dvith. £ 7ial/ofl plasma selectell foRGihd IRy pPer capni c
time periaod lasti ours, culturing the second-pass cells under

hypercapnf@n%%ﬂﬁPFggﬁﬁn“f é“WVﬁgﬁgﬁbﬁpg Rlspe- perlod characterlzed by a C2
| evel ﬁﬁ great%.athan

0 erca tinme ri od
| asting at |eas )]750 Laviak ng cf%gang%(%ﬂjd %ﬁ’ glmé’ It?nar@f‘ep?
non- hyper deyeniian, ¢ ﬁmﬁmﬂﬁmnsqwﬁmmmmonmh@p@rcapn|c tinme perlod characterized

by a CO2 | evel E it han _or t.o S5% and i dentifying progenitor
cells in the cdﬂ ggmtm FSn mn%geFﬁmgﬁggl '0di ment | setting the CO2 | evel

during the hyp%{&a%mo&ngéﬁ%egggde%lﬁ%ﬁgodat | east 6% 10In an enbodi ment ,

t he hypercapni ¢ and non-hypercapnic tine-periods are within
In an embodiment, the plasma includes autologous plasma.

15 There is also provided, in accordance with an embodiment of the present
invention, a method for use with extracted blood, including;
applying blood to a first gradient suitable for selecting first-pass cells having a
density less than 1.077 g/ml;
applying the first-pass cells to a second gradient suitable for selecting second-
20 pass cells having a density between 1.055 and 1.074 g/ml;
culturing the second-pass cells on a surface including an antibody; and

identifying progenitor cells in the cultured cells.

In an embodiment, the progenitor cells include endothelial progenitor cells

(EPCs), and wherein identifying the progenitor cells includes identifying the EPCs.

25 In an embodiment, culturing includes culturing the second-pass cells on the

surface, when the surface is coated with autélogous plasma, -

In an embodiment, culturing includes culturing the second-pass cells on the
surface, when the surface is coated with at least one plasma selected from the list

consisting of: allogeneic plasma and xenogeneic plasma.
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a culturing tinie period lasting | ess than 30 days, and wherein cul turing

t he second-pass cells under hypercapnic conditions includes culturing the
second- pass cells under hypercapnic conditions during a first tw days of
the culturing tinme period. In an enbodi ment, the hypercapnic and

non- hypercapnic tine-periods are within 15 a culturing tinme period |asting
| ess than 30 days, and wherein culturing the second-pass cells under

hyper capni c condi tions includes culturing the second-pass cells under

hyper capni ¢ cdhektis oiee theridady ia tcaedancoovilags @tofent of thy PR i ne peri od.

I'n an embggl, ,Famettﬁbﬁ f&%@&ﬁ@%&@t@@%o&l%lm%;er capnic tine-periods are
within a culturing tine period |lasting | ess than 30 da and wherein

S,
cul turing t he 2pBtios &logdds a Just %@F@%S%ﬂﬂ’érforhsylﬁé?”(ga%ﬁﬁ“@%%]ai 1%BH8 i ncl udes
cul turi ngad.big 1s€eRAd-d@8ssnicel I s under hypercapnic conditions for at |east 2
hours between a first two days and a | ast fwo da %dpfgéhe culturing tine
peri ot PTaE dPBT FAER EElIS e 59 rachat SERBR IO SR tRE i dor
hyper capnjgs &0 didigON\Enbify HRRIER1 UBTanariion ghet; cul turing the second- pass
cel |l s under non- hyper capnic condifions. 2 In,a? enbodingﬁé, culturing the
second- pass c&MRngntEr SeAYATEES S7HS Ok nEhrtRpS AR ANE, & S P HER 51 oni ng
cul t uri ngpbhents eGaNEmRARSeE o} firortathe andion- hy per capni ¢ condi ti ons.
There is also proyided, in ac Qr%?ncEwM%Hg$an enbodi nent of the present
i nvention, netAGHLIR PRI ER BxIGY “%f00d, including: 30applying bl ood

donei 0§ Tess (Hat trbk g Doedorfb)abid ShPRRR BRkadof B0, 3

densi ap g I rst ss cells to a
second -gr @el@ntand whéreiblidenfifyingsied peagenitey cslbscorivtiep abestifymigltie BRGsi ng a density
bet ween 1.055 and 1.074 g/ m; culturing the second-pass cells in a

cul ture nedi uniniaehbdiingatatulfugag the orrendiyen tellsendiedes aulfuripgriheiecopist
consi sti n%as% el 4 es%eg Ith%F !hﬁludé@zgzaddgl Ol’to @gr:%ro%;ffnﬁ%ﬁfg mofladuf; aP

f:
estradi ol , eé??%ne, riol, an éstra vative, estradiofl valerate,
est r adi ol leypnenttdlagereadforokctingui nestrol, progestin, a nolecule fromthe
progestin famly, progesteponeh synt heti c progest er.one, h¥droxyprogesterone
car oatld, nedr oXiae oyebp aroridedadetageasdange Sty pth evbpdingatt gk M5, PEtest vast at i n,

an ant i - di Akl CuBBEH for yaNhal ARhEL fi6%ORERAARI | denti i ng progeni tor cells
in the cuIture&’ce I's. 10There is also provided, in accordance with an
enbodi nent of alyipe blsehto 3 fitst arefiignf, subiabie for seleetie figaath tells BRIRERt ed stem

cells, inQﬁﬁﬂgﬂﬂéﬂlnlﬂ7 Rlying tissue including the stemcells to a first
gradi ent suitable ?or'se ecting first-pass cells having a density |less than
1.077 g/n; applying the first-pass cells to a second gradient suitable for selecting second-

20  pass cells having a density between 1.055 and 1.074 g/mi;
culturing the second-pass cells for a period lasting between 1 and 5 days in a
culture medium including up to 5% serum; and

identifying progenitor cells in the cultured cells.

In an embodiment, the progenitor celfls include endothelial progenitor cells

25  (EPCs), and wherein identifying the progenitor cells includes identifying the EPCs.

There is also provided, in accordance with an embodiment of the present
invention, method for use with extracted blood, including:
applying blood to a first gradient suitable for selecting first-pass cells having a
density less than 1.077 g/ml;
30 applying the first-pass cells to a second gradient _suitabic for selecting second-
pass cells having a density between 1.055 and 1.074 g/m};
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applying the fast-pass cells to a second gradient suitable for selecting
second- 15pass cells having a density between 1.055 and 1.074 g/m ;

i ncreasi ng the nunber of cells having a density between 1.055 and 1.074
g/m, by culturing the second-pass cells for a period |asting between 3 and
30 days; and identifying progenitor cells in the cultured cells.

I n an enbodi nent, applying the tissue includes applying unbilical cord
blood to 20the first gradi ent . In an enbodi ment, applying the tissue

i ncl udes appl yFHyRniHE peiopeDese|cplls fop atmivdod fasting bptwenenend 5 days ina an

enbOdInEnEmuﬂ@ﬂ&m&@gmhﬂ&g%hﬁﬁyﬁmﬁm@%qgﬁé app! ying placental cells to the
first gradlent 251.n an enbodj ment, applying the tissue includes applying

fetal cells to ?ﬁ@"?ﬁrggenﬁ?refﬂll%‘ﬁtthe quiuigd cdlfbodi ment, extracting the stem
cells frombo mpbi 1i zi ng the stem cells

from bone narr t°81bf’¥gﬂe?tr ?%%n%% rs%{’(?g?B‘??S &n'ﬁpst“?'ﬁ% udes eui{usiag e seompin an

enbodi fenpasseaisiac tiltge théurs trehadize l1dss thhh 00m p&tmpher al bl ood.  In an
enbodi ment, culturing the second-pass cells includes: culturing the
second- pass celhese jin alo frrpwddedc dmtaedondnced withngy ambodimbntpefr the ofrefit t he

peri od; nwamm1a£1 hﬁgﬁ%ém!gééﬁxﬁﬁ|rsFEMBhe second-pass cells fromthe

first container’ e en por%lon of the-period; and
culturing, in @P’smgdﬂebdcbrﬁtﬁnsmwldmsm@pleafoseﬂmdg fiest-prs el havivg goeri od, the

cells reng&%qy‘%gﬁgépgﬁgy&ﬁt cont ai ner. I n an enbodi nent, renoving

the at | east Sone sécond- pass cells includes sel ecting for removal
cel | s Phat adh@%@ﬂmbmai%%mw%ﬁéﬂbt’ah@omig@mmuanmamnénsd@ﬁmgsmmnénbodlnent

renovi ng L8 s dabi {g%&@ﬁﬁgqm§gﬁ@pg%p cells includes _ selecting -

for renoval cells % o not adhere to a r'face of the first container.
durmg a Iow -serum time period, culturing the second-pass cells in a culture

medium including less than 10% serum;
during a high-serum time period, culturing the second-pass cells in a culture
15 medium including greater than or equal to 10% serum; and

identifying progenitor cells in the cultured celis.

In an embodiment, culturing the second-pass cells during the low-serum time
period includes culturing the second-pass cells in a culture medium including up to 5%

scrim,

20 In an embodiment, culturing the second-pass cells during the low-serum time

period includes culturing the second-pass cells in a serum-free culture medium.

In an embodiment, culturing the second-pass cells during the low-serum time

period includes culturing the second-pass cells for a duration of between 1 and 5 days.

In an embodiment, culturing the second-pass cells during the high-serum time

25 period includes culturing the second-pass cells for a duration of between 1 and 30 days.

In an embodiment, culturing the second-pass cells during the low-serum time
period is performed prior to culturing the second-pass cells during the high-serum time

period.

In an embodiment, culturing the second-pass cells during the low-serum time
30  period is performed following culturing the second-pass cells during the high-serum

time period.
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- In an enbodi ment, the first container includes on a surface thereof a

gr om h- enhanci ng nol ecul e, and wherein culturing the cells in the first
container includes culturing the cells in the first container that includes
t he growt h-enhanci ng nol ecule. 15 In an enbodi nent, the grow h-enhanci ng
nmol ecule is selected fromthe |list consisting of: plasma, collagen,
fibronectin, a gromh factor and an antibady to a stemcell surface
receptor. In an enbodi nent, the second containerphncludes on a

surface ther edhers igradsne poEidphnigi dreerfience ctifhe an sHPORMEPe Ph REUPEHT ng t he

celI's in {Hh8HSe e aRtho8 AL RER eidtRGkaBiBs, 2Qn@upt Uring the cells in the second
contai ner that includes theﬁ@growt h- enhanci n

t npl ecul e. Jdn an
enbodi nent , t REPLYRSRIORd & A A1 igrgieRbudiakle dorj egtagéﬁf‘éi&s% SOPEHRE £ st
consi st i ngn@fylcsOliRs MW77 gl agen, fibronectin, a growh factor and an
antibody to a stemcel] surfa r

e receptqor. There js als rovided, in
accor dance wi #RPIERE Sl pashEellsee Fﬁggoﬁge%aélﬁfﬁ %ta{jlﬁ\;gﬁeﬁe "8 ¥ hod for
treating gusCaehdvingh densiebethcag 1.afpdndilg4 gnalpt hel i al progenitor cells
(EPCs) to a vicinity of .tlssue. qr space. of a subiect selected fromthe
list consistifgRF2 W%%tgn%?erﬁ’%d@?fl%ﬁgﬁﬁgr?@?vew %?%%‘eégﬁcboflég?ﬁs ti ssue of
a centr al canetimptiBypsyiscamitiesye of the subject, an optic nerve of the
subject, chorojd tissue of. the subj.ect etinal ti of ' _subj ect,
sub-retinal s DT HEe ’ﬁlg'j“?é’fsfl(’dc%?%ﬁgﬁ{le?s’ltZgﬁéc%?”%gghfbsféé’gﬁ,pgﬁ%i dney
t i ssueo of csBP uideen@ubjpecit condittasiendf a danaged bone of the subject, tissue

of a fractured,bane of the subj.ect, jinf d tissue of the subject,
infected ti ssdgengl?y"fwo%eﬁlﬁ?recgﬁ%mc%gﬁPh‘gg%&trlﬁlg‘ssue of the subject, danmaged,

ulcerated or VBanldglq é{ihﬁ%ﬂeih%f Bechithi cdlls: inBL@ BndotRBMCpRLedille S0 ect
tissue of a limb o P e subj &ct’, 211 Ssue ol a skin graf{), and tissue of a
r eat t acheERCsy endwhéreiniidenfifyingdherbgeaitar cellsincdwles isaidfyime e ERUSe net hod

i ncl udes generating the EPCs by: 5applying blood to a first gradient
suitable for siél@cpmhgﬁmmtsﬁhﬁpgswmeﬂnﬁsmﬁ P AngaREPdsyaeesiip an 1. 077

9/ M 15 iR MeNRibA Ssfihd Bls BAST0 88K] Ml Wheheis @RI0REp WAt pasi tabl e for
sel ect ?ngcgeco%d%ﬂg;t%? ceISI sg hasvi ng a density between 1.055 anc}3 1.074 g/ mi;
and cells under hypoxic conditions includes culturing the’ second-pass cells under hypoxic

conditions during a first two days of the culturing time period.

In an embodiment, the hypoxic and non-hypoxic time-periods are within a
culturing time period lasting less than 30 days, and wherein culturing the second-pass
20 cells under hypoxic conditions includes culturing the second-pass cells under hypoxic

conditions during a last two days of the culturing time period.

In an embodiment, the hypoxic and non-hypoxic time-periods are within a
culturing time period lasting less than 30 days, and wherein culfuring the second-pass
cells under hypoxic conditions includes culturing the second-pass cells under hypoxic

25  conditions for at least 2 hours between a first two days and a last two days of the

culturing time period.

In an embodiment, culturing the second-pass cells under hypoxic conditions is

performed prior to culturing the second-pass cells under non-hypoxic conditions.

In an embodiment, culturing the second-pass cells under hypoxic conditions is-

30  performed following culturing the second-pass cells under non-hypoxic conditions.
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i ncreasi ng the nunber of cells having a density between 1.055 and 1.074
g/m, 10 by culturing the second-pass cells for a period |asting between 3
and 30 days. In an enbodi nent, the nmethod includes generating the EPCs by:
applying tissue including the stemcells to a first gradient suitable for
selecting first-pass cells having a density less than 1.077 Wi ;

applying the first-pass cells to a second gradient suitable for selecting

second- 15 pass, cel.ls _havi ny densi ty between 1.055 and.1.074 g/ ni;
appl yi ng the igﬁﬁﬂﬂfﬁgsgmﬁgﬁﬁsmt%mgﬂ%ﬁFPﬁ‘ f%é?%ﬁ&ﬂ§ﬂ?95bfﬁpgﬁgnselecting

t hi r d- pasiavesibi, s nfeghold g 1@e dah sittagteth blovd éiclili®55 and 1. 068 g/ nml; and

i ncreasi ng the nunber cel J.s. havi densi : .and 1.068
g/m, by cul tl?PIiHﬂBg F'ﬁ%é){oﬁ“i %ﬂ%fi-wpnésssefg@lg?% qgglrnggtﬁ%sé??%gﬁﬁ%éﬁ %Q bet ween 3 and
30 days. 20l n iancaging tdinnmher, of téll bt o skcbmidesidaisicgsyarmeibyguliting EPCs  by:
appl ying Blo first oradi. .S Ul e I aedd fl -pass cells
havingpa 85%@?%Pfe§s an fﬁg?%?@%@#e&ég&la%g&?%?ﬁbﬁﬁkggfd?%ﬁ%ﬁss cells to
a second gwladingmprogestitiible for sel ecting second-pass cells having a density

bet ween 1'055'&Qﬂﬁéﬁgﬁﬁ??%%hﬁmﬂﬁﬁm%ﬁﬁﬂé %ﬂgng the second-pass cells on a

surface includlng a n an e Iment, the nmethod includes
generating thenERCS AY provided, 8PRYHAELOLARInt Guitbdichdn® lorOhadir@Bk: Sui table
for selecting first-pass cell's having a density less than 1.077 g/m,
appl yi ng iyentppgeethpddar yse with exigacipd dkvdriaclyhingli ent suitable for sel ecting
secondn 30 pass;ERink $1ddaYd Ngtadedl NSddcy ol ELWRRY FrstQRdfiredenshy Gfe;0/ M ;  and

culturing the second-pass cells on a surface including a grow h-enhancing
mol ecul e ot heringrpagive s ombencigells haying dseqonsh desirpd depsitpRpRr Y REHEIING he et hod

i ncl udes gRNRALL RAISt Res ERG IMD¥cIuding = pr@%@tlil_y hit0 sds@shtlyOinde Hefigin gr adi ent
suitable for selecting first-pass cells having a density |less than 1.077

g/ mi; including g53¥0861: ABA t he first-pass cells to a second gradi ent suitable
for selecting ﬁ&g@igjgﬁogaﬁgr&gé inshdawiegcalsdensi ty between 1.055 and 1. 074
g/m, and culturing the second-pass cells for a period | asting between

1 and 15 days | Thefe 6bikéllRovidd] Wimactedade Rghum eobofmeer ofithe present
invention, a method for use with extracted blood, including:
applying blood to a gradient to select cells having a first desired density range;
increasing the number of cells having a second desired density range by culturing
the selected cells in a medium including estrogen and a progestin; and

20 identifying progenifor cells in the cultured celis.
In an embodiment, the progestin includes progesterone.
In an embodiment, the estrogen includes estradiol.

In an embodiment, culturing includes culturing for a period lasting between 3

and 30 days.

25 There is also provided, in accordance with an embodiment of the present
invention, a method for use with extracted blood, including:
applying blood to a first gradient suitable for selecting first-pass cells having a
density less than 1.077 g/mi; 7
applying the first-pass cells to a second gradient suitable for selecting second-
30  pass cells having a density between 1.055 and 1.074 g/mi;
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I n an enbodi nent, the nmethod includes generating the EPCs by:
applying blood to a first gradient suitable for selecting first-pass cells

having a 10 density less than 1.077 Wt ; applying the first-pass cells
to a second gradient suitable for selecting second-pass cells having a
density between 1.055 and 1.074 g/nl; and culturing the second-pass

cells for a period lasting between 1 and 5 days in a culture nedi um
including greater than 10% serum_ 15In an enbodi nent, the nethod includes
gener at i ng t heduEpgs higercapnic timeapsppy lasinghitdendt 2 bows:fautwinggipadicerd suit abl e
for sel eC{JéSQge}fleﬁlﬁé{h}}B&&plﬁi@ lobsaitAY] tﬂghﬁyeﬁﬁﬂﬁé {ide kzé‘r%il dnB@Bedzc 67 20/ M ;

applying the fast-paSs cells to a second gradient suitable for selecting
second- pa$§9 &selof greates thep Wexdensi ty between 1.055 and 1.074 g/ ml; 20during a

| ow- serum ti meupigh b Q6h-hipeichpihid fide pORDIIRERNE-1LAEBAH L 1Brib 1@ s6ddhd-ur e medi um
i ncluding |l ess _than 10% serum and uring a high-serumtine period,

cul t ur ? ngP¥hecdlscBRisr prehypappaic; sondiliqns (hee IRBUVRAYAPREI HBEngSHdeat er t han
or equal tRrak@HreEtETo, 18veRor 16ddsli o Bqifal tolshE af@t hod i ncl udes generating the

EPCs by: 25appl,ying blood, to a first gradient suitable for selecting
first-pass cel’d t&ﬁ%ﬂﬁge&“ﬂéﬁ %lflﬁhel%%tgfegﬁ%lﬁ- 1 077 g/ ni; appl yi ng the

fast-pass cells to ecaond gradi ent. sui.table for selecting second-pass
cell's having aﬁl&&ﬁgﬁgf’@m %t%@ﬁ%.(g@%lﬂ xémlrﬁgdge&%?fﬁip;‘m time pe%oa?o%ﬁuri ng a
hypoxi c t atteaspé¥i od | asting at |east 2 hours, culturing the second-pass
30cel I s under hypoxic conditions; and during a non-hypoxic |linme period

| asti Af at | eabtankendbagimentuthe hypengphibend eaeingepass tivd-pagiodnaewithén- hypoxi ¢
conditionsg._ i 1. £ ' ti L i i.0g the EPCs by:
appl yi ng. Bicaiirhed e YRROE LTR e R L B e el s
havi ng a deissinder Il:erpg\caphiancoildﬁﬁﬂs gfchides culturing the second-pass cells under

hypercapnic conditions during a first two days of the culturing time period.

In an embodiment, the bypercapnic and non-hypercapnic time-periods are within
15 a culturing time period lasting less than 30 days, and wherein culturing the second-pass
cells under hypercapnic conditions includes culiuring the second-pass cells under

hypercapnic conditions during a last two days of the culturing time period.

In an embodiment, the hypercapnic and non-hypercapnic time-periods are within
a culturing time period lasting less than 30 days, and wherein culturing the second-pass
20  cells under hypercapnic conditions includes culturinf; the second-pass cells under
hypercapnic conditions for at least 2 hours between a first two days and a last two days
of the culturing time period.

In an embodiment, culturing the second-pass cells under hypercapnic conditions

is performed prior to culturing the second-pass cells under non-hypercapnic conditions.

25 In an embodiment, culturing the second-pass cells under hypercapaic conditions
is performed following cultoring the second-pass cells under non-hypercapnic

conditions.

There is also provided, in accordance with an embodiment of the present

invention, method for use with extracted blood, inchuding:

30 applying blood to a first gradient suitable for selecting first-pass cells having a
density less than 1.077 g/ml;
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applying the first-pass cells to a second gradient suitable for selecting
second-5 pass cells having a density between 1.055 and 1.074 g/nal;

during a hypercapnic tine period |lasting-at |east 2 hours, culturing the
second- pass cells under hypercapnic conditions, the hypercapnic timnme period
characterized by a CO2 | evel of greater than 5% and during a

non- hypercapnic time period lasting at least | day, culturing the second-10
pass cells under non-hypercapnic conditions, the non-hypercapnic time
period charac ﬁmii’lmélﬂi};st@awﬂ? @y alseqond [gerdient fiAPle lfore’%ﬁtg’é‘lmgt EYY | n an

enmbodi rfergasséeﬁ@hﬂﬁ;ga%ngmps&u@&sl eBNaaalorgnithe EPCs Dby: appl yi ng bl ood
to a first gradient suitable for selecting first-pass cells having a

density | ess cHaping tgapeqypass: oS psulurrgoedian profudingpt dast e pgeni o "5 second
gr adi ent s%lébt%@@oﬁx é:l@hstsc%hs.@&&g@g &ﬁﬁx@ﬁaeuﬂomm@m* &?dm\éhtftgexa dessi ty between
1. 055 and 074% cul turing % ang h‘g qscellsmaculture
nedi urf i n@FﬁfB‘i’lnE QS Ieﬁlé%lt a‘bﬁséra@@]eﬁiﬁm’%téﬂeeﬁsf’ oky YRS st i ng of

er yt hr opom@diaibl, §5hdsOEE Prog@fines inicdgar- k@iithe/ plapdsas Fhiaily, blogastasthd, adi ol ,
estrone, es |oI an eSt£ﬁ£IO| derlvatlve estradlolg¥alerate 20 estradlol

cypi onat e¥® ré“t Pﬁ’ﬁ?ﬁteﬂ’”&u CEPEESSSIPRS et MOy RIS TS SRy S ol ecul e,
progest er s, s1§1)d£t&dﬁ@t dtSrviiatig eptaati diwdeticugelityl posigliebed; e car oat e,

d t tat t at t tati
ant1 di abet o dgEABmemeEeRig g E Azt e St A B Ssue’ i nel udi ng
t he sﬁﬁm cel | sl.h(%nggl %léor slté g{ ﬂaﬁg‘%‘“’%l ta?'rrﬁ Oémﬁoedrﬁ&tt'&gthg%fnﬁ%&t pass

cells"having a ing‘the first-pass
cel | s to avesos dnghadivent withickizdzhea steo:rceﬁelmbtdmgg second pass cell's having

cel |5 havi ng. 4 PRRitG; £y iR b0 58 o] Ry podient AELEET IR " TCET ©F
second- paﬁsst-pabb@lsﬂl@vmaaqlmsxt}dcbsumllﬂ?@g[mhyveen 3 and 30 days. 30There is
al so provided . LRuASRORARRAS V! & aa&cgaﬁ)gfgaoigggggﬁﬂe fo?ggggﬁg%s&n nvention, a

met hod for use™ ood, 1 nc ing blood to a
firstigr adasen@llsmmgbﬂ@srbdmt%®hédl5i5ngi?fDT@/mbass cells having a density
| ess than 1. 074,008l me BPLéﬂsr}ﬂv%a @ debdi bePtes 1965 b § B74gAACONG
gr adi ent sui t abl&* second- pass-ce having a density between
1. 055 andbjtctﬁlwmgthﬁt;com-passee‘allsfmrginehedhstmaé’ﬁv@ﬁn&éﬂd@d@as;lawb a density
bet ween 1. 055 %ﬁnﬂfé%gﬁr% A éjélﬁtld{fh gt he second-pass cells for a

. ; dpeg d:ﬁ ed 31s

period | asting ays, |dent|fy|ng progenitor cells in
the cultured cfl | Sambodiment, applying the tissue includes applying umbilical cord blood to

20 the first gradient.

In an embodiment, applying the tissue includes applying embryonic cells to the
first gradient.

In an embodiment, applying the tissue includes applying placental cells to the
first gradient.

25 In an embodiment, applying the tissue includes applying fetal cells to the first
gradient.

Tn an embodiment, extracting the stem cells from bone marrow.

In an embodiment, mobilizing the stem cells from bone marrow to facilitate

extraction of the stem cells.

30 In an embodiment, extracting the stem cells from peripheral blood.
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I n an enbodi nent, the progenitor cells include endothelial progenitor cells
(EPCs), and wherein identifying the progenitor cells includes identifying
the EPCs. 10There is also provided, in accordance with an enbodi ment of the
present invention, a nethod for use with extracted bl ood, including:
applying blood to a fast gradient suitable for selecting fast-pass cells
having a density less than 1.077 g/m, dividing the first-pass cells into
respective first and second portjons t her eof : 15applying the first portion
of the first- pRes embpdimentoeuliuing therecqdngrseslls weiPdesbl e for sel ecting

second- pass  CedultGrid}a itk RBcodd §08 Thils)in RELMESS talned a0 AN fitst BédioR o he

m xi ng the second portion of the fast-pass cells with the cells having a
density betwed™%055 and 1.074 g/ m ; i ncreasi ng the nunber of cells
havi ng a denslﬂemoﬁﬁéuﬁem Sona thaRebodd. Qefsd c@isHom BO Y coided bi thgeddhe

second; i IIs @.ggrjgd éasting between 3 and 30 days; and

|dent|F ﬂg ﬁ’ﬁ%@ﬁ??%?té A%t he cultured cells. In an enbodi nent,
di vidi ng the fmﬂtshng)a:ss sa:ehdl smtaimlr do@sy S adcbadgpriidieoffthe péridapmbicaily t o be

| arger than th ﬁo ﬁ%qgﬁp rid In an enbodi ment, dividing the
first- pass CEFT €97 N UEes §§Ft|ng the flrst portlon to 25 be smal | er than

t he second por accordance wth an
enbodi ment of hagnembe)cshenr? P%E/OS' i oenElt s Sotnﬁ’ OS%Q Secondep a\%ﬁ?ﬂ‘ B¢t ed bl ood,
i ncl udi ngselecting fcaptphwah@llbthawhar@toai syriaehiof iite fire coehieat cells having a first
desired density range; increasing the nunber of cells having a second
desiré& densit d’@y‘fﬂb atreqyiierbe @eashiomwedidt woondelabscello mebdgrer i od

| asti ng DEbMEER rcf xahaPQuE BSio ngla{é%‘&é twwh . cells in the
cul tured cel In an e I ment ng t ood to the
gradi ent i nCl Uﬂleéa R Y h &, @é@iﬁ‘#c&ﬂalﬁeﬁﬁa@lﬁ@% askurfa@@‘fh%ret)f)ﬁ g?(ﬁ?!rtﬁcu ng cells

having a density less_than 1. . I'n an enbodi nent, ﬁ;ng t he bl ood
to the gr&BfaBfips |%?%H’e§n%pﬁe§¢i%§ﬂﬁ‘ﬂ%dhq eelly iy rta%uf’éﬁtcoeiain@emc deor

sel ecti ng c6@lrsg thadiing e HeNShhiieBl RAMACsHO RwalthhdndhiAnidde. 51N an

enbodi nent, increasing the nunber of cells includes culturing the cells for
15 In an embodiment, the growth-enhancing molecule is selected from the list

consisting of: plasma, collagen, fibronectin, a growth factor and an antibody to a stem

cell surface receptor.

In an embodiment, the second container includes on a surface thereof a growth-
enhancing molecule, and wherein culturing the cells in the second container includes

20  culturing the cells in the second container that includes the growth-enhancing molecule. .

In an embodiment, the growth-enhancing molecule is selected from the list
consisting of: plasma, collagen, fibronectin, a growth facfor and an antibody to a stem

cell surface receptor.

There is also provided, in accordance with an embodiment of the prescnt

25  invention, a method for treating a condition, including applying endothelial progenitor
cells (EPCs) to a vicinity of tissue or a space of a subject selected from the list consisting

of: tissue of a peripheral nerve of the subject, tissue of a ceniral nervous system nerve of

the subject, an optic nerve of the subject, choroid tissue of the subject, retinal tissue of

the subject, sub-retinal space of the subject, corneal tissue of a subject, kidney tissue of

30  the subject, tissue of a damaged bone of the subject, tissue of a fractured bone of the

subject, inflamed tissue of the subject, infected tissue of the subject, contused tissue of
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a period lasting between 4 and 8 days. I n an enbodi nent, applying the
bl ood to the gradient includes applying the blood to a solution including a
copol ymer of sucrose and epi chl orohydri n. In an enbodi nent,
applying the blood to the gradi ent includes applying the blood 10to a
gradual density solution including polyvinylpyrrolidone-coated silica

col | oi ds. In an enbodi nent, applying the blood to the gradi ent
i ncl udes ﬁégh%in the blood to an aqueous sol ution of iodixanol. In
an enbodi f,wagapwg, pleeraish B dvquBdadnidssyg el sk oin brainidssua bt ng t he

bl ood to aulbjedaistue dfiaelirgl aelihe Blbjecl Hsthe ¥ 2 RAQUATRAY 1issBPBE ¥ tdaachfle bl 00d to
the gradient i cluq§s applying the blood to an Opti Prep-1ike gradient.

i
In an enb@ﬁ“ﬁﬁBWW?J "PEfty the bl ood to the gradient includes applying the

bl ood to a Pergoll-l.ike qgradient.. . .There is also provided, in
accordance wit agﬁmé’ﬁglglgﬁtﬁ%ﬁtmeg?dt”?‘%udf)sr%’g%‘ﬁtfngégeﬁ%(lv‘/se tion, a nethod for use
W t h ext ract edafplduglblodbdiol aifirshgradient sajyhiley fon gelbdtibg dirdt@ag @lativaita t o sel ect

cel | s having. [ ity range; culturing the selected cells for a
peri od |a§?gﬁ3“%§§ﬁ%§ﬁ7§§§%d 30 days on a surface including autol ogous

pl asma; and i deprlvifig/ itndirgrespeseils or a sabohd giadietthamitehlé farrsecidgl desond25There i s
al so provi | r it inent .of the present invention, a
A8 i AGE VLAY B8 bt @ TBOL R

met hod for use wth~extra o} I NC I'ng. applying blood to a

gradi ent to selstsgsingihe qwishern ofgels bhygigraedinggnisitwaenridli§end dwi7s wiblng t he
sel ect g | ¢ é ' ' -@qﬁ' , i.dentifying
progenitoﬁggél SQﬁ%”%ﬁéﬁ?%ﬁfﬁ$§§H%%%¥%E@n hagﬁggﬁ?ggigginent, cul turing

i ncludes cul tUmﬁ%rﬁﬂaﬁiuﬁzﬁ{E&n%&%l@%ﬂ%eﬁ%ﬁﬁng"fﬂ@ﬂ% .surface is coated
wi t h aut ol ogous pl asna. I n an enbodi nent, cul turing includes

cul turing the egilyig spue fstudinerthe gem gpilsrfo aHistsgradient suifableconsdetting t h at

| east one ffkgaReIehQmhalehdiQMst fign t.bBLg/geNSIi sting of : allogeneic 5 plasma
and xenogenei c pl.asm

applying the first-pass cells to a second gradient suitable for selecting second-
15 pass cells having a density between 1.055 and 1.074 g/ml;
applying the second-pass cells to a third gradient suitable for selecting third-pass
cells having a density between 1.055 and 1.068 g/ml; and
increasing the number of cells having a density between 1.055 and 1.068 g/m!,
by culturing the third-pass cells for a period lasting between 3 and 30 days.

20 In an embodiment, the method includes generating the EPCs by:
applying blood to a first gradient suitable for selecting first-pass cells having a
density less than 1.077-g/ml;
applying the first-pass cells to a second gradient suitable for selecting second-
pass cells having a density between 1.055 and 1.074 g/ml; and

25 culturing the second-pass cells on a surface including an antibody.

In an embodiment, the method includes generating the EPCs by:
applying blood to a first gradient suitable for selecting first-pass cells having a
density less than 1.077 g/ml;
applying the first-pass cells to a second gradient suitable for selecting second-
30  pass cells having a density between 1,055 and 1,074 g/ml; and
culturing the second-pass cells on a surface including a growth-enhancing

molecule other than collagen or fibronectin.
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There is al so provided, in accordance with an enbodi nent of the present

i nvention, a nethod for use with extracted bl ood, including: appl yi ng
blood to a gradient to select cells having a desired density range;
culturing the selected cells on a surface including a growth-enhancing

nol ecul e 10 ot her than collagen or fibronectin; and identifying progenitor
cells in the cultured cells. In an enbodi nent, culturing the cells
includes culturing the cells on a surface that includes, in addition to the
gr owt h- enhancilagn pebedimens, themethedigeludas genstatiog BlelEX§eHy-and fi br onectin
15There is al %F Miigade al tBst3GLME 3RGSIWol LiRRneTReFIsTRals tinkhe present

i nvention, a nethod for use with extracted bl ood, including: appl yi ng

bl ood to ‘ée”é%](??séh‘iﬂ v 7g8rlect cell's havi ng a desired density range;

cul turing the §glyac!@dnepdss calisped @dodd@shdifd sBQbWERP sdiedling s&ofl@dys in a
culturg medi u |nclud|ng eru and 20j dentifying progenitor cells

. \ Lﬁ) to 5%5
in t he® cuP#8FElf brupg & density betwgep 1050 ands}. &4 epbg9ted, in accordance with an

enbodi nent of dui@rigy &8 eedond-pae RElORT adhelibd Rethy itwetnel Wd b agystihact ed bl ood,
i ncl udi ng: ‘?E‘ﬁl ilr&%g,bl oogl)/t 0 a gradient to select cells having a
desired dSHERSped Qj’é,“ P} T AGTTNe sel ected cells for a period |asting

bet ween 1 and da LN ulture. 25 .medi um i ncluding greater than 10%
serum and i de]r%'Iainfeéil%%‘idm%%b%%ﬁfﬁ%‘?m(?g’fiffssgef“ﬁgq[ﬁg“ecﬁﬁs[}’g ed cells. In an
enbodi ment, cuédplyingigoddhie actsd gradie|sutkdde o kdledting dird-pesscelld saving @@ cul ture
medi uRki N ' e .20% serum There is al so provided, in
accorggncggﬁﬁ%ﬁg%%miﬁgggﬁﬁ%nt of the present 30 invention, a nethod for use
wi t h extract edapplyigrthe ifinddpasdicalls tcap péopndgrathibmoditibde forgrladingrtcand- sel ect
cel | s havi . j i r : kng a lowserumtine period,
culturingbgﬁgagé%g%%ggmggfﬁg&%ﬁ1§Bg§P?&93‘%%%%%%1including | ess than 10%
serum dueilisgng thei sgbond prasmells fe qopsriod destingibetwedmnl abdhé dewd mct ed cel | s
in a CU|t%ﬁﬁngﬁgEﬁﬁh&ﬁﬁﬁ%§%%,r%ﬁﬁ%'%%m&?fn or equal to 10% serum and

[ or s in the cu

Sidentifying progenitor ’ured cells. I n an enbodi ment,
cul turisng the ﬁpinlﬁbgﬁfdeﬂgth[eﬁfetﬂgﬂ\ﬁcﬁﬁé L (REEPAGy. ncl udes cul turing the
u

cells in a culture nediumincluding up To 5% serum
applying blood to a first gradient suitable for selecting first-pass cells having a

density less than 1.077 g/ml;

applying the first-pass cells to a second gradient suitable for selecting second-
pass cells having a density between 1.055 and 1.074 g/ml;
20 - during a low-serum time period, culturing the secbnd-pass cells in a culture
mediom including less than 10% serum;‘and
during ‘a high-serum time period, culturing the second-pass cells in a culture

medium including greater than or equal to 10% serum.

" In an embodiment, the method includes generating the EPCs by:
25 applying blood to a first gradient suitable for selecting first-pass cells having a
density less than 1.077 g/mt,
applying the first-pass cells to a second gradient suitable for selecting second-
pass cells having a density between 1.055 and 1.074 g/ml;
during a hypoxic time period lasting at least 2 hours, culturing the second-pass
30  cells under hypoxic conditions; and
during a non-hypoxic time period lasting at least 1 day, culturing the second-pass

cells under non-hypoxic conditions.
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In an enbodi ment, culturing the cells during the | owserumtine period
includes culturing the cells in a serumfree culture nmedium 10ln an
enbodi ment, culturing the cells during the |owserumtinme period includes

culturing the cells for a duration of between 1 and 5 days. In an
enbodi ment, culturing the cells during the high-serumtine period includes
culturing the cells for a duration of between 1 and 30 days. In an

enbodi ment, culturing, the cell uring the | o rumtime period is 15
performed pri of 2R GRBeHIPeRG | ?gmi"ﬁ%dd’é‘élll‘il%s gﬁ%ﬁ%@é\{ﬁeﬁﬁgcﬁf"&h- serumtinme period.
I n an enbodi mesblyingldisddr to Rghiktheadiak kitadldrfoNngidehity fitwnpmecaimbatiag aperiod is

perfornmed . foll ow cyl.tyring the cells during the high-serumtine period.
There is g?”é"(gyg?s&g%d]e@%']g%f#’accordance with an enbodi ment of the present

i nvention, a nepplyog thefirdpms wkllshioexicant gadiklt euithble ot kelebitiAg secadppl yi ng

bl ood to a gradi.ent tq select cells havi ~desired density range;

duri ng%a ﬁ?fgS%ggaYlp%gﬁléﬁ%egwﬁeﬁ tﬂﬁian@[bﬂ%gg} 2 hours, culturing the

sel ect ed cel | sdwingerhyhgraxicatinsopuliot] ilatisg-at least 2 dirwis,ngpltarisgohe kytoadi ¢ ti ne
period | as}i (] gculturing the sel ect cells ynder

Pon- hypox P caicingp aRBbrodals Yaaifthe ¢ bii:lenfs BBR PRI QBRHSTIWRL Cul ¢ ur o
cells. CO; laveland geatsothem e gndt he hypoxi ¢ and non- hypoxic tine-periods are
within a cul tugj i e iad.. i . 0 S, a4 erein

cul turi ng the PR bAS oo Bl eiRE BbtE T i BRRe pIRAOT IS Cel 1 6
under Ry pesssc cdlsndider onen-Wpeicargica condiinst e depshypdredphis tilet pericig ti e
peri od. characte lzgdm '@6?@9&1%?1@&3&@}1?55%?%?% and non-hypoxi c time-periods

are within a culturing nme perio 'ess than 30 days, and wherein

cul turing the geblosibpiighe MY RRKLE rERAG dehQhitnghhmedgs, cul turing the cells
under hypoxic conditions during a |last two days of the culturing time

period. 5| n anaRbhirgdblaechio, a firseamdien spisablenter seerting Sestpesstcefiehayingicods ar e

W thin a gulsdilsd@lat 108 &LI od |asting | ess than 30 days, and wherein
culturing.the cells under hypoxic conditions includes culturing the cells
under Rypoxi c ¥whna thedBstiass cgils ok scomd Fadient wiebie &y salegtingsecopdo days and

a last twa,days Halink B Qe béthbddQ 055 38d P4 9R; and I'n an enbodi ment,
culturing the cell s under” hypoxic conditions is perforned 10 prior to

cul turing the edring thedesondprs kllsoRiaccultensdnediven gicluding at fepst 4hc agpBbdi nent ,

cul turing stihQed fons hNIR1 chYRAXE GfC QRALLINAS, | dudiRhf of NBfodeplthity N
culturing the cells under non-hypoxic conditions. There 1s al so

provi ded, Maeceedr dpbadiol erroan efisbdiheiitadial derwatyp.eadatiol Hilents on, a
et hothof OlesiRif] Wiybibn®X! hidGit861, MudRbtrol] RFeb@inNG progestin-family molecule,

progesterone, synthetic progesterone, hydroxyprogesterone caroate,
medroxyprogesterone acetate, a statin, simvastatin, atorvastatin, an antidiabetic agent,
and rosiglitazone.
| applying tissue including the stem cells to a first gradient suitable for selecting .
25  first-pass cells having a density less than 1.077 g/mi;

applying the first-pass cells to a second gradient suitable for selecting second-
pass cells having a density between 1.055 and 1.074 g/ml; and

increasing the number of cells having a density between 1.055 and 1.074 g/ml,
by culturing the second-pass cells for a period lasting between 3 and 30 days.

30 There is also provided, in accordance with an embodiment of the present

invention, a method for use with extracted blood, inclnding:
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15applying blood to a gradient to select cells having a desired density

range; during a hypercapnic tine period lasting at |east 2 hours,
culturing the selected cells under hypercapnic conditions, the hypercapnic
time period characterized by a CO2 | evel of greater than 5% during

a non-hypercapnic time period lasting at |least 1 day, culturing the

sel ected 20 cells under non-hypercapnic conditions, the non-hypercapnic
time period charact e equal to 5% and

i dentifying pr %lﬁg ﬁﬁ’Pég‘eF%St gra%%l%suétﬁﬁﬁ?ﬁ esaieﬁt&glftérg"pass ceuf 4P &nbodi nent ,

t he net hodknsitydtsattes 1987 pintlg t he CO2 | evel durlng t he hypercapnic tine
period to be enbo i nd

non- hyper capni @p #‘gﬁghe erl%ags ée}llrsgtgv“\l/l t Q wn u;pﬁlet}‘}{{)%'ie%ﬁgp%%el%% | asti ng

| ess thanm@@mﬂa?emman&nmb@mewmn&Qﬁiuﬂnﬁg4ghd cel I's under hypercapnic

condh g ons 1 nahyelghe W RO LS nfilhl 2 oHRAP RS 6P GANGRL ' OS. ur | ng

a first two days o turin énbodi nent ,
t he hyperbm#h@ngéhﬁsenmd—mwﬂtﬁ’phpeﬁqdﬂmn@wwm@ aad d0gpyshénd 30a cul turing

tinme period Iq§£h§gm%§§§?%%%£mﬁ%§%u BurefR§ls Wherein culturing the cells

under hyper capni es cu turlng the cells under

hyper capni ¢ CQRGint LR, fd lﬁfoéeﬁﬁér tdR ﬁéme @ﬁdo’%ﬂ%ﬁaic%ijoééﬁtbﬂ"gelfs' me peri od.
I n an enbodi nent theﬁﬁy er capni ¢ and non- ¥ per capni c eriods are
dRCly

within a EGslrRdwharsimidopying dheipacenipny oplisdac %ﬁiemg% EPESd wher ei n

cultur ng the ells nder 5 ercapni c conditi ons |ncI s culturing the
cel I s¥nder F"céfp P PR E‘bﬁ%m?‘% Ca ‘t{‘]eaé‘s?m'?odl% @f’v%%gﬁnta first two
d%sdand ihvklﬂﬁlh atﬂﬂahdiﬁ&ﬁus@fwﬂilﬁﬁtr@dtﬁgfbw’oﬁngolﬁd;ﬂ@ peri odOI In an f .
enbodi ment, cul turi the c nder nic.conditions is perforne
orior o cul  epliperedtsie S febt SR rEGhn 5Eaer Ryt « n

an enbodi aeiity lessithdnUrd77g/ b e ceIIs under hypercapnic condltions is

performed 10 f |.l.owi.ng. cul turjng the cell.s under non-
Pondt i ons. . SvidhgRdufipais e Bloatpaits fn et SRR erbodi ment
of thaspresentappRitgrihé ﬁﬂ;t partio® biihe fiksdphasy seilvbotahseentidrepatied siiabledor | ncl udi ng:
applying bload to t.to eIe t ce avi first desired density
range; F?ﬂ??%ﬁmWﬁEgﬁ gﬁpﬁﬂﬁﬁb ﬁwﬁm&LﬁFﬂ 13@6 BMY i ncl uding at | east
one agent 15 smixmgttﬁd sdcondrpditien bi me fmpsss stlisngitlofhe WEGRavidgGrdenkit-,
eryt hropoietin, estrogen-famly nol ecul e, 1743-estradi ol

b 200 gl

estrone, @W??b derivative, estradiol valerate, estradio
cypionate neshmaﬂﬂﬁthumﬁa&kﬁ@mklpwmgeaknﬁwt&wﬁm@geﬁﬁmndamm4gmﬂplecule,

et oxpr G)eupEFBRE ot Bra S G e Al ?ﬁsf*fﬂ[%? sat . an

anti di abet | C aemifying progenitor cells in the cultured cells.

In an embodiment, dividing the first-pass cells includes setting the first portion to

be larger than the second pottion.

In an embodiment, dividing the first-pass cells includes setting the first portion to

25  be smaller than the second portion.

There is also provided, in accordance with an embodiment of the present
invention, a method for use with extracted blood, including:
applying blood to a gradient fo select cells having a first desired density range;
increasing the number of cells having a second desired density range by culturing
30  the selected cells for a period lasting between 3 and 30 days; and

identifying progenitor cells in the cultured cells.
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20 and rosiglita7one; and identifying progenitor cells in the cultured
cells. In an enbodi nent, the progenitor cells include endotheli al
progenitor cells (EPCs), and wherein identifying the progenitor cells

i ncl udes identifying the EPCs. In an enbodi ment, applying the
bl ood to the gradient includes applying blood to 25a gradient suitable for
selecting cells having a density less than 1.077 g/m. In an

enbodi ment, applying the blood to the gradient includes applying blood to a
gradient suit aﬁ? &n pighodapiud 2ppiige i hl@dﬁaﬂerﬁjadé“ﬂéﬁgﬁdﬁ%ﬁpﬁgﬂﬁ@é?d 9055 and

1. 074 ghnla gradient suiti@le@or sle@ng@elBHAVing @ densit1A0EAT DOTTCPmIM th an enbodi ment
of the present invention, a nethod for use with extracted stemcells,

i nlcl u;ji ngl: SOaﬂp!ag{bmgod?rhaﬁ,?@%ﬁgﬁglrth;Hldétg tb!ﬂf} @ftﬁcfnﬂt aeludss ﬁp@Iyﬁxgégirlc&gitggt Eﬁe
sel ect ce Vi n i rst.. . Si ’ : Si
number of Ac%ﬁ%gmﬁlé\%b%jcoras el:e%t%l r?%ﬁsc}lé‘s”ingg e%ﬁ&?w&rela%@?d 53917{'%{ uri ng t he
| [ 1 i i ;. L.denti fyi
celectof ol | b9 cayREkbadhh Azl Eea.t AR AR o1 Y1 e

progenitor cells 1n ure ment, applying
t he ti ssuea pavieH lasbns tepysieyitmed Yfdysd i cal cord bl ood to 5the gradient. I'n
an enbodi ment, applying the tissue includes applyi ggﬁ embryonic cells to the
gradi ent . Ip go gRbodimesdiapling thebinogdite the grrdient ingludesiapplyingths b yi ng
fetal cellg J@nlibenau@dl £8ipolykid} O ABoSRALLERBLLyARP! Yi Ng the tissue

i ncl udes applying placental cells to the gradi ent. I n an enbodi nent,
the nethod i nclmdeemBodimae apfigink AR ti4AM 8Rlgkichf AOLBAREHITRE 1R Wood In
an enbgéivl ment %cf he, met hod i ncl.udes nobili zi n‘? the stemcells from bone
15mar r &% t 19 EERAURY FeRYE SURiqRiEne R yE P RTReceitpdsilica colloids.

In an embodiment, applying the blood to the gradient inciudes applying the blood

to an aqueous solution of iodixanol.

In an embodiment, applying the blood to the gradient includes applying the blood
to a Ficoll-like gradient.

15 In an embodiment, applying the blood to the gradient includes applying the biood
to an OptiPrep-like gradient.

In an embodiment, applying the blood to the gradient includes applying the blood
to a Percoll-like gradient.

There is also provided, in accordance with an embodiment of the present
20 invention, a method for use with extracted blood, including:
applying blood to a gradient to select cells having a desired density range;
culturing the selected cells for a period lasting beiween 3 and 30 days on a
surface including autologous plasma; and

identifying progenitor cells in the cultured cells.

25 There is also provided, in accordance with an embodiment of the present
invention, a method for use with extracted blood, including:
applying blood to a gradient to select cells having a desired density range;
culiuring the selected cells on a surface including an antibody; and

identifying progenitor cells in the cultured cells.
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In an enbodi ment, the nethod includes extracting the stemcells from bl ood.
In an enbodi nent, the nethod includes culturing the cells includes:
culturing the cells in a first container during a first portion of the
period; renoving at | east sonme of the cells fromthe first container at the

end of the first 20 portion of the period; and culturing, in a second
contai ner during a second portion of the period, the cells renoved fromthe
first container. In an_enbodi ment, the nethod includes renoving the at

| east sone of e cobpdientneyltydesindades cvlmige therccleprlpapurise.vden et adhere to
a surfaces@fact RRoftkd $ith £ANb@HFEsm=25 N an enmbodi ment, renoving the at | east
sone of the cells includes selecting for renoval cells that do not adhere
to a surface f)fnddnftﬁlbfaiﬁfn‘éﬁt, ammﬁf iy iﬁﬁﬁdes c?immgme&mﬁesﬂ)%disﬁm&,,wﬂe{mef: r st |
contai ner includes on.a surface.thereo rowt.h- enhanci ecul e, an
wher oi n cOFESE IrgReRa el et P msrmaripaed ol B8 PP Rere dodl8enaur i ng t he
cells Bn phemi mddencgendiaplaaia. t hat i ncl udes the growt h-enhanci ng nol ecul e.
In an enbodi ment, the grow h-enhancing nolecule is selected fromthe |ist
consi sting of : Tirassrajso qobtidgeny atddodanreedithngn ampodmeit dfadeopresnd an

ant i body E&eﬁi&;ﬂ&&&%rﬁk&r&ﬁﬁeﬁ‘zﬁc‘??%%%o%“ cluding: | N an embodi ment, the
second contal nef Includes on a surface thereor a gr owt h- 5enhanci ng

nmol ecul e, and sypdizg blowlub b grafiant to bedect edlis baving 4 desirgedeosity rawget ai ner i ncl udes
culturing the S5 | s . i nc

gr owt h- enhanci ﬁgﬁlhrr% :Eahgtffﬂg&(?%ﬁ%?ﬁ%g%cg%?&ﬁ é%%OW%&%%O% iﬂgcn 1ﬂanci ng

nmol eculle iotesbhretllagenfor dilmonertinlandt consi sting of: plasma, collagen,

fibronectin, a@LawWhhof-8Gh0f 808 R dMiibgdy to a stemcell surface
receptor. 16DETAI tELR@“DE‘E)E"%%Fu PTION OF EMBODI NENTS In accordance with an

embodi ment of {hg RHERGHNE IR |08 celft iHREAL Gulnind Q¥ bdRhnl Pburfagd! ati ng,
differentiati ng@ and %r_ovm ng endot helial progenitor cells (EPCs) from human

per i pher althahjusByes, Trdditiordo e gropiinenbanding metpulgs edgest opeplipatisgsnend o i nduce
vascul ogengsirsct@nd/ or angi ogenesi s and/ or neovascul ari zation. Typically,
peri pheral 15 bl ood nononucl ear cells (PBMCs) separated by a density
gradi et such @BerkiisQlido FoGidédirih NREor@MIE GRAC ald) YenMIGinRAt BDHR plel@f density
gradi ents (such as Per&o |, i%ti Pre(i), 0 .Wcodenz), and are then allowed to
adher e t o PYeQUeR 2 St £ vy wiffbextragied blgod, ieludingt cal |y grown for 3-30 days in
an enriched cubpplyific PiB6d WM gratiientie welb@lellsita®ing @ deHied Bitkit@ndesne cul ture
period, sanples are taken fqr phenotypi c. assessnent. Expanded cells are 20
col | ected and §‘é§\t}’é’&gﬁl?‘ﬁ?qlecfe§ﬁf’]§n‘l Q?ri‘%r}aﬁuﬁg etveen dAnd endays in 2 culfirgerj o5 of
prot ocol s ad¢duntl @eREink R 118k edretBednaw Whi ch may be used separately or in
conmbi ngtion, as,appropriate, in._accordance w th enbodi nents of the present
ently estls e

i nventfon. |t Mg STFEYIE e eplredfgiieri cal val ues are provided by
way of iIIustraﬁ%ion.adn m'tati(fi but t. necessarily,

ot n. T%i&ifcall 2 ngth
each val ue. showfi®s™® ati*% Brogiat i ACSREaer ¥t AR ePorirrgt obhs, RTSEE t hat i s
W t hi n 25%medntibih @ nwsloddoraiowhh exStanted] Blobd, incdddidgough certain steps are
described wth _a_hi | evel of ecificity,.a pers of ordinary skill in
the art will a B?lggggogg%éﬁl ad&n?lg)rse f’%’ﬁ@s %&g}gg@e%@ﬁag}sﬁ\éﬁg@%wt atis

ni ut andi s. culturing the selected cells for a period lasting between 1 and 5 days in a culture

25  medium including greater than 10% serum; and

identifying progenitor cells in the cultured cells.

In an embodiment, culturing the cells includes culturing the cells in a culture

medium including less than 20% serum.

There is also provided, in accordance with an embodiment of the present
30  invention, a method for use with extracted blood, including:

applying blood to a gradient to select cells having a desired density range;
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Protocol for tissue culture dish coating Sui t abl e contai ners, such as
culture dishes, nay be coated with one or a conbi nation of

EPC- gr owt h- enhanci ng nol ecul es. The nol ecul es nay conprise antibodies to
progenitor cell surface receptors such as CD34, CD133, Tie-2, VEGFR-2 5
(KDR), CD 144 or nol ecul es such as LDL, VEGF, FOP, I G~ or platelet-derived
grom h factor (PDGF). Exanple 1. Coating T-75 flasks with autol ogous plasma
For 20 T-75 flasks: Prepare on the day of cell preparation Coating of T-75
Fl asks surf acedyiug loHeopadnareiad wliumgbe sty callt islaggbue MEdivp asma

renmoved f rigmdid}ges ehnofugeh:ti ssue sanple, or alternatively, with plasna
froma different source, such as, plasma commercially avail able from

. . B A :
Cheni con of Te |achigtrsgrang jame eepiqde el uppg bpgeleciirelhin a PEE AR i on of
Fi col | tubggudnd dreRaeinbl afll 101109 séud; 8ld pl asma. 151 ncubate at 37C for at
least 30 mn DO car,dg:gl asna. \ﬁash flask twice in 10nl PBS. Fl asks are ready
for use ExanplEryngBerHigr el i te cllpedgelisy o50g/ nilFi broneetin: 20For 20

T-75 fl asks: Prepar a) on the day of cell preparatjion, or.. one day
before the day‘rinoz?1 @oﬁm%e? {é)ﬁ'é#ué'tnlg r?}lceﬁﬁ:’?”é]ﬁgr% Bﬁ'sﬁﬁlnnotfmigwgf&?‘%%necti n
sol uti on imitEBE theAatls BFC:1kre Riebuoriadtding g /Shdlsetum. 50l PBS Fill

each flask with 2-5mlFi bronectin 25n/nt. 25l ncubate at 37C for at | east
30m n. Col | ect IFngrdmeanh celvirngitieells during Fiedlpwrrenin tims périsdiimindesn be

re-used ifcuﬁ&rﬂfgetgeéeﬂsﬁltaeslé}uhgﬁgeocu%regﬂégﬁmat 4C, typically for up to 1 week.

10 . In an embodiment, culturing the cells during the low-serum time period includes
culturing the cells for a duration of between 1 and 5 days.

In an embodiment, culturing the cells during the high-serum time period includes
culturing the cells for a duration of between 1 and 30 days.

In an embodiment, culturing the cells during the low-serum time period is

15  performed prior to culturing the cells during the high-serum time period.

In an embodiment, culturing the cells during the low-serum time period is

performed following culturing the cells during the high-serum time period.

There is also provided, in accordance with an embodiment of the present
invention, & method for use with extracted blood, inctuding:
20 applying blood to a gradient fo select cells having a desired density range;
during a hypoxic time period lasting at least 2 hours, culturing the selected cells
under hypoxic conditions;
during a non-hypoxic time period lasting at least 1 day, culturing the selected
cells under non-hypoxic conditions; and

25 identifying progenitor cells in the cultured cells.

In an embodiment,' the hypoxic and non-hypoxic time-periods are within a
culturing time period lasting less than 30 days, and wherein culturing the cells under
hypoxic conditions includes culturing the cells under hypoxic conditions during a first

two days of the culturing time period.
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Wash flask twice in PBS. Keep dry flasks at roomtenperature. Dried flasks
can be saved for one week at roomtenperature (RT). Exanple 3: Coating T-75
flasks with Fibronectin and 5pg/nlL anti-00384: 5For 20 T-75 flasks: Prepare
(a) on the day of cell preparation, or (b) one day before the day of cell
preparation. Coat flasks with Fibronectin, as described in Exanple 1.
Prepare 25 m of 54nilAnti-CD34 solution in PBS. Add 125ul anti-CD34
lmg/mMto 25mL PBS. 10 Fill each flask with 5nilanti-CD34 51.t%:/l_m. | ncubat e
for 2h at 37C ¥rabyePodimgH thet hvpexic\god mpndupass HBwEpPHied aei witin\iash f | ask

twice in Plfwinkltaskseriod Sasti@amdys hed 30 8ys, 1 Gadrbin RUBRAAHE @IsMnged e bl ood
by gently flipping the blood Eag gtg and down. Transfer blood frombag into
a steril eh@?éfﬁlc 8‘?‘?‘?5@.‘“’@ o BRI wpder ypetic geudifiaes durissoriast t ubes
Wit h bl oodwaigeys of the blituridpiime pdiddt ubes for 20 minutes at 1050g at room
tenperature with no brake. Collect nost of the plasma fromthe upper |ayer
in enpty 50 nlInt abembodiment, the hypoxic and nov-hypoxic timme-periods are within a

culturing time period lasting less than 30 days, and wherein culturing the cells under
hypoxic conditions includes culturing the cells under hypoxic conditions for at least 2

hours between a first two days and a last two days of the culturing time period.

In an embodiment, culturing the cells under hypoxic conditions is performed

10 prior to culturing the cells under non-hypoxic conditions.

In an embodiment, culturing the cells under hypoxic conditions is performed

following culturing the cells under non-hypoxic conditions.

There is also provided, in accordance with an embodiment of the present
invention, a method for use with extracted blood, including:
15 applying blood to a gradient to select cells having a desired density range;
during a hypercapnic time period lasting at least 2 hours, culturing the selected
cells under hypercapnic conditions, the hypercapnic time period characterized by a CO,
level of greater than 5%;
during a non-hypercapnic time period lasting at least 1 day, culturing the selected
20 cells under non-hypercapnic conditions, thé non-hypercapnic time period characterized
by a CO; level of less than or equal to 5%; and
identifying progenitor cells in the cultured cells,

In an embodiment, the method includes setting the CO, level during the

hypercapnic time period to be at least 6%.

25 In an embodiment, the hypercapnic and non-hypercapnic time-periods are within
a culturing time period lasting less than 30 days, and wherein culturing the cells under

hypercapnic conditions includes culturing the cells under hypercapnic conditions during

a first two days of the culturing time period.

In an embodiment, the hypercapnic and non-hypercapnic time-periods are within

30  a culturing time period lasting less than 30 days, and wherein culturing the cells under
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Collect the white blood cell ring (e.g., the PBMC) fraction fromevery
tube. Transfer each PBMC to a new 50nml tube, pre-filled with 15-20 m of

PBS. 25Adjust volune to 30nl per tube using PBS. Spin tubes for 15
mnutes at 580g, at roomtenperature, and discard the supernatant. Gently
m x cell pellet and re-suspend with 1-5nl PBS. Conbi ne t he

contents of every four tubes into one 50 mM tube, and fill that tube 5 up

to 50 M with PBS. For exanple: (1) Prepare OptiPrep gradient of 1.072
g/ m . For hGreapniOpéridRioap ingludei ceiringfthel cell¥ AndarhyRraepes eondifioagiiwing of

1. 072g1nl m x oget her m solution of 0.5% 10 human or bovi ne
serum al bﬁ%twaéf 7’3"%’ I{%‘% tr'}‘f\elll%%pes 1 inM EDTA (buffered to pH 7.4) with
(ii) 11 m m Xﬁﬂm odli]n%n 5%%199 %ﬂdﬁtﬂ@gcébné tﬂe——ﬁe@ﬂoﬁ@ 410Rit@f 0. 5% human

or bovine serum aI um n, pes i.nM EDTA (buffered to
pH 7. 4). Mcxlmr@gemmmoééésthg)lem thane}( @Y&éﬂﬁmfefﬂrwlt%tb%? Is Yod@par at i on

ste p S ge S F\)g[%elp%ﬁmé %o%@l%ﬁg chdEshcu(thl)mgl&e PSRN LS er@ipni]eocoﬁhmgﬂt foPR€ep sol ution

+ 5 % hurman or bovi ne serum al bum n, 8% NaCl, 10 niM
He ges 1 haeptiimas(tstifer p St ths doyg and 4 )last wjofiags ofiihg %H‘l%tfg "thePEHP% ure of (a)
and (b) 20 m of the OptiPrep gradient of 1.072 repared in steps (i
and (ii), and Brancanbedmicgh cypuipgfhe cglisgnger %Trﬁﬁﬂngﬁoﬁql 8RB Atfhan gr )
bovi ne serrm @lBmFng thdbefaniaGon-hiftreivhicepatitiond. MM EDTA (buffered to pH
7.4). Oentrlfuge 30 mnutes at 700g, e.g., at roomtenperature or 4C, with

no brake. - IGal dogtiinidng cilfeing thedeliedndsr Hypampntneeondnhmsﬁapmfohetd/veen t he

gr adi ent sol utian 5% bovi ne serum al um n, 0.8% NaCl, 10 niM
Hopes, Q) 3%“@%‘%‘ “BW eﬁ‘gl‘g?%aféﬂ?nr]il’?’ PR es at 395g, at room

t enper at ure. Dngrgrlg a slil)p]_:e;rrogx (? nl}l 2L cgfdan%e Sv%ﬁpgp%n%%hlhl%ht b t}}eoplra;en?m ture

medi um
invention, a method for use with extracted blood, including:

applying biood to a gradient to select cells having a first desired density range;
culturing the selected cells in a culture medium including at least one agent
15 selected from the list consisting of: VEGF, IGF, FGF, erythropoietin, estrogen, an
estrogen-family molecule, 17-B-estradiol, estrone, estriol, an estradiol derfvative,
estradiol valerate, estradiol cypionate, mestranol, quinestrol, progestin, a progestin-
family molecule, progesterone, synthetic progesterone, hydroxyprogesterone caroate,
medroxyprogesterone acetate, a statin, simvastatin, atorvastatin, an antidiabetic agent,
20  and rosiglitazone; and
identifying progenitor cells in the cultured cells.

In an embodiment, the progenitor cells include endothelial progenitor cells

(EPCs), and wherein identifying the progenitor cells includes identifying the EPCs.

In an embodiment, applying the blood to the gradient includes applying blood to
25  a gradient suitable for selecting cells having a density less than 1.077 g/ml.

In an embodiment, applying the blood to the gradient includes applying blood to
a gradient suitable for selecting cells having a density between 1.055 and 1.074 g/ml.

There is also provided, in accordance with an embodiment of the present
invention, a method for use with extracted stem cells, including:
30 applying tissue including the stem cells to a gradient to select cells baving a first

desired density range;
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(2) Prepare Percoll gradient for cell density of 1.060-1.068 ginl. For
exanpl e, for 30nml continuous Percoll gradient preparation mx in 50 m
tube: 13.5 mM Percoll (Arershan) 15.0 mi MEM Spinner nodification 1.5 nil
10x Earle's salts solution Centrifuge 10 min at 14000 x g w thout brakes in
a fixed angle rotor. Carefully take the gradient out of the rotor. The
gradient is ready to use now. 5The tube should be able to resist
centrifugation _at 14000 x g, Apply all the cells on the Percoll gradient.
Centrifuge 30 fsfeAsing thepopukbey %&D ?%%Lhavﬁga%(ég‘%"ﬂweﬁéﬁét deasity cHes PBMCs and

transfer idttaing thselEbted bR forkai petiod 1BQink BBG e 5 IdPBIaycemd ri fuge 10 min at
300 x g. 10 Resc’éstﬁend in 50 ml PB@, centrifuge 10 mn at 200 x g. Resuspend
in 50 M PBS, LERIYPERpseHET Kl mibe ogred cglls: Take a 50g1 sanple for cel |

counting. Serum Preparation . . . Ser.um can be obtai.ned directly fromthe
patient's coagtﬁﬁl 1 FHPOSF ﬁ'gp?ly%l?fhettﬁ%uei%d‘bq%%?pp?%’ég 1,110 FO%PL%grt%d from

pl asma Sgertes grediehtf rom bl ood pre-treated with an anticoagul ant. For
exanple, for preparation of serumfromblood pre-treated with an

ant i coagul ant : In an embodimerf,zdpplyplegbarbsstchatiudesapplyingentbenicrahs tohthe upper
fraction of,diig0ll tubes (See 20above description of Cell Preparation). For
each 50m. plasma, add 1.2nml 0.8M Cad 22H20 or any ot her chem cal / bi ol ogi cal

clotting i nducey ,§Uskbodndad! 'wmgcmleot{si.;&emcmh&fmg%&tglncexﬁ%ompi n agoni st

peptides or gthers, in order to catal yze the clotting nmechani sm | ncubate
for 0.5-4 #Hdiengt 37C. 25Spin coagul ated plasma for 10 minutes at 3500g.

10 In an embodiment, applying the tissue includes applying placental cells to the
gradient,

In an embodiment, the method includes extracting the stem cells from bone

marrow,

In an embodiment, the methed includes mobilizing the stem cells from bone

15" marrow to facilitate extraction of the stem cells.
In an embodiment, the method includes extracting the stem celis from blood.

In an embodiment, the method includes culturing the ceils includes:

culturing the cells in a first container during a first portion of the period;

removing at least some of the cells from the first container af the end of the first
20  portion of the period; and

culturing, in a second container during a second portion of the period, the cells

removed from the first container.

In an embodiment, the method includes removing the at least some of the cells

includes selecting for removal cells that adhere to a surface of the first container.

25 In an embodiment, removing the at least some of the cells includes selecting for

removal cells that do not adhere to a surface of the first container.

In an embodiment, the first container includes on a surface thereof a growth-
enbancing molecule, and wherein culturing the cells in the first container includes

culturing the cells in the first container that includes the growth-enhancing molecule.
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Col l ect the serumin a new tube. Do not allowthe clot to mx with the
serum Use collected serumfor nediumpreparation, or aliquot a d save at
-20C until use. Cell Counting 5Pre-fill four 96w plates with 50111 Trypan
bl ue (TB) each. Make 1:5 dilutions by transfer of 20nl1 of cells sanple
to one TB containing well, and m x gently by pipetting up and down. Load
100 of diluted cells onto each of the 2 chambers of henpcytoneter.

Count cl ear (vi,able) and bl ue d) cells that lay in the central 25
squares of the™@"- %}H’ﬁg‘F‘e{'}%&lf‘eo aﬁ&ﬁ%’ﬁ’b‘é‘?%mom‘ﬂe ip fselFQ%ﬁoP’hQ’ﬁ ¥ cells are

count ed, neksstiip2fdilisiial ellagen, fib@nekiefa 8bwi0@diopindcal AsibsaNBlagstd® 50121 TB.
If nore thaﬂ cells are counted, nmake 1:25 dilution by transfer of 20ul

of 1:5 susper%%r?%ﬁ?“fpéo "one TB-containing well, and mix gently by pi petting

d down er for h chamber ording,to the
19& ?(I?)WI ng equa% &f\%hgen?%és #e N R QF@ olelo %‘(’H%eltﬁ Forf ¥88t%r -= No.
of viabie @éﬁﬂcslg/ mbledile, and wieraid cw@tuh@ the LEIODOhx s{aohdjbmmmérafuﬂmtes I_I No. &1(‘)
dead [ in: = of .Viable.cells +
ofeaDegg CZ‘f‘ﬁﬁ %@6}9&0@ On_d s sho(ﬂfd% hego b lﬁlﬁ"e]blgcuéd 30%
20Cal cul ate aveg aageerﬂy%hﬂmeﬂﬂjqii’@ ou%gﬁ{agﬂﬁé)%tléc{ﬂg ik es@fé!:tgé ol LBfd € final

cell nunbers and yield of cellS/m bl
consisting of: plasma, collagen, fibronectin, a growth factor and an antibody to a stem

cell surface receptor.

10 DETAILED DESCRIPTION OF EMBODIMENTS

In accordance with an embodiment of the present invention, a method is provided
for isolating, differentiating, and growing endothelial progenitor cells (EPCs) from
human peripheral blood. The EPCs are typically implanted in a patient to induce
vasculogenesis and/or angiogenesis and/or neovascularization. Typically, peripheral

15 blood mononuclear cells (PBMCs) separated by a density gradient such as Ficoll are
further enriched by one or more other density gradients (such as Percoll, OptiPrep, or
Nycodenz), and are then allowed to adhere fo tissue culture dishes. Cells are typically
grown for 3-30 days in an enriched cuiture medium. At several time points during the
culture period, samples are itzken for phenotypic assessment. Expanded cells are

20 coliected and saved until implantation into the patient.

A series of protocols are described hereinbelow which may be used separately or
in combination, as appropriate, in accordance with embodiments of the present
invention. It is to be appreciated that numerical values are provided by way of
illustration and not limitation. Typically, but not necessarily, each value shown is an

25  example selected from a range of values that is within 25% of the value shown.
Similarly, although certain steps are described with a high level of specificity, a person
of ordinary skill in the art will appreciate that other steps may be performed, mutatis

mutandis,
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Medi um Preparati on 25Cal cul ate the vol une of needed nedi um Prepare culture
medi um Medi um shoul d contai n 1-20% aut ol ogous serum Medi um can
contain the followi ng additives in various concentrations of 0.5pg/nl - 1
ng/m, or 1 ng/m - 1001g/m, for exanple, EPO (0.01-10 El/pa IGF (1-

100ng/ m), FGF 10-100ng/ m, VEGF (0.5-20 ng/nml) ; Heparin 5-100 I1lim;

di fferent nol ecul es depends on their weight and the desired nolarity can

range frompg- lig, or 5 the?

t or.respondi nol arity: Stalin nol ecul es
(e.g. simvastatin 5-5001.78PREY” t’éﬁfeicﬁp‘%g&{’é""é@%nt s (e.g., Rosiglitazone

5-500 14/ nl), Swidblercemtagresi dudhormonlese Stikhbs, asayahe estedgeth pae @r,a

17- p-estragi - ) a_p estin . rogest erone

2-2000ng/ %%X%%{%g ég%%%ﬁ%qﬁ%% e%?l?cu?ets' i gﬁi gy%(())lte ﬁlé%i 784 Phat*t he steroid
r epr oduct Ryiéodips teepopritanrel suifese geceptestsndyenSDIH (INA3 pFiegeVEGHB)2 exert

their off e@brOYIHR¥RAMoREEGOPLAISE R ForTTHE or ARRIYAAGEHGRAIT! ecul es

or any conbination t can I ncréase t Yi erd e pro lon or the
di f f er ent if2eb3r §fPGF)-t he progenitors into EPCs in vitro, particularly when

cells from perjpheral blood are subjected to their effects. Exanple for Low
% Ser um Medi unfissmple 11 Gestire Fetft Savkawith aptplogows plymer 100ug/ mL (fi nal
concentration ]%f bglé‘gﬁ%{gté 100111 of Heparin 5000U/ ni(frmal concentration
of 5U m) 5mi WI8%s Serenwr 82 gty el Riepia@tedi um 20Exanpl e | for

Hi gh % Serum Madium E 0 diuma‘gd- 2pl of . VEGF 100p, g/ mL (fi nal
concentration of 18 ﬁﬁﬁ#&%ﬁ%%? o Fip}?s'gﬁﬁw ORCr SR BNt r ati on of
SU )10 plasma ren;cﬁ@drﬂroﬂuh«)dcmd Seuiel Mmple, or alternatively, with plasma from a

different source, such as plasma commerciaily available from Chemicon of Temecula,

CA, US.

Collect plasma from the upper fraction of Ficoll tubes
Fill each flask with 2-5 ml plasma.

15 Incubate at 37°C for at least 30 min.
Discard plasma.
Wash flask twice in 10mi PBS.
Flasks are ready for use.
Example 2: Coating T-75 flasks with 25ug/ml Fibronectin:

20 For 20 T-75 flasks: Prepare (a) on the day of cell preparation, or (b) one day
before the day of cell preparation.

Prepare 50 ml of 251g/m! Fibronectin solution in PBS.
Add 250u1 Fibronectin Smg/ml to 50ml PBS
Fill each flask with 2-5ml Fibronectin 25ng/ml.
25 Incubate at 37°C for at least 30min.
Collect Fibronectin solution.

Fibronectin solution can be re-used if stored in sterile 50 mi tube at 4°C, typically

forup to 1 week.
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2579.9nl serum free nmedi um Exanple 2 for H gh % Serum Medi um For 100mi
medi um add: 5pl of VEGF 10141g/int (final concentration of 10ug/ml) 1000
of Heparin 50000/ mL (final concentration of 5Ural) 41.11 of Progesterone
5ng/ mL (final concentration of 0.2pg/ml) 10nl Autol ogous Serum 589. 9l
serum free medi um Exanple 3 for H gh % Serum Medi um For 100nl nedi um add:
5ul of VEGF 100p.g/mL (final concentration of | Qgg/nml) 10100) 11 of Heparin
50000/ mL (final concentration of 5U nl) 4111 of 17-13-Estradiol 0.05ng/ m
(final concent Mash Basksvicoind®B¥%/ nl) 10ml Aut ol ogous Serum 89.9nll serumfree
medi um 15Exanple 3 for H gh % Serum Medi um For 100m nedi um add: Sul of
VEGF 100p. g/ miEeen s flads Aldedit faPP8iicof 10pg/ ml) 100pl of Heparin 5000U/ mi

(final concentratign of 5U nml) _4ql of Progesteraone . 5ng/ mL( f mal
concentration fle‘%)ﬁﬁb%‘ﬁfé‘/ &t e&%g%‘f"e‘%‘f“ 9‘1“%@%{1\”383&' 0. 005ng/ L (fi nal

concentration g, 0.0902RM TP 75 fiasks with Fibronectin and Spg/ml anti-CD34:

5 For 20 T-75 flasks: Prepare (a) on the day of cell preparation, or (b) one day
before the day of cell preparation.

Coat flasks with Fibronectin, as described in Example 1.
Prepare 25 ml of Spg/ml Anti-CD34 solution in PBS.
Add 125p] anti-CD34 1mg/ml to 25mi PRS.
10 Fill each flask with Smi anti-CD34 Syg/mi.
Incubate for 2h at 37°C or over night at 4°C.
Withdraw antibody solution.
Wash flask twice in PBS.
Flasks are ready for use.
15
éell Preparation
“Mix the blood by geutly flipping the blood bag up and down.
Transfer blood from bag info a sterile 500ml bottle.
Load blood onto a Ficoll gradient,
20 Fill tubes with blood up to S0ml.
Spin the-tubes for 20 minutes at 1050g at room temperature with no brake.
Collect most of the plasma from the upper layer in empty 50 ml tubes.
Collect the white blood cell ring {e.g., the PBMC) fraction from every tube.
Transfer each PBMC to a new 50mi tube, pre-filled with 15-20 m] of PBS.

25 Adjust volume to 30ml per tube using PBS.
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10nl Aut ol ogous Serum 89.9nl serumfree nmedi um Example 4 for High
% Serum Medi um 25For 100nil nedi um add: 2111 of VEGF 10Qug/nmil (fi nal
concentration of 1Qgg/nil) 100nl of Heparin 5000U/m (final concentration

of 5U nl) 3300 of Sinvastatin 570nM (final concentration of 0.95)tM 10mnil
Aut ol ogous Serum 589. 6nll serumfree nedium Culturing Split cells fromthe
conbi ned cell suspension. "Spin tubes for 15 mnutes at 500g, room

tenmperature, discard the supernatant. 10Gent I¥ m x_cell p%lsl %}a and
re-suspend cel o ttebes 50 E OBITHeS ab8e, 1atoi00me CEBFialFG 2nd) 8@ELEE | asks at

37C, 5% C@Bpernatant. | NCubate cells in nmedium containing | ow serumlevels
(e.g., upto 5% . Alternatively or additionally, use high (>10% serum

| evel s. 15| n agedieanecel pulttinare-aniadiw@ntsnafPeshe present invention, the
cells are incubated in | owserum nmedium prior to being incubated in

hi gh- ser um nedCombine the codtbrite phateinvietyipbdsieto ot 56 ma tebej andubtheiduben | ow serum

medi um. ol | bei I ncubated in high-serumnedium |In accordance with
an enbgdi rlrlgn(\fl\?(p }51 Elllﬁ]g%bat ion in nmedium conprising 0.5%

For example:
(1) Prepare OptiPrep gradient of 1.072 g/ml.
For 36 ml OptiPrep gradient of 1.072 g/ml
Prepare gradient of 1.072g/ml by mixing together: (i) 25 mi solut_ion of 0.5%
10  human or bovine serum albumin, 0.8% NaCl, 10 mM Hepes, 1 mM EDTA (buffered to
pH 7.4) with (ii) 11 ml mixture of 10 ml OptiPrep solution + 5 mi solution of 0.5%

human or bovine serum albumin, 0.8% NaCl, 10 mM Hepes, 1 mM EDTA (buffered to
pH 7.4).

Mix together: (a) 10 ml cells derived from the Cell Preparation steps described
15  above, with (b) 10 ml mixture of 10 ml OptiPrep solution + 5 ml solution of 0.5%
human or bovine serum albumin, 0.8% NaCl, 10 mM Hepes, 1 mM EDTA (buffered to

pH 7.4).

Place on top of the mixture of (a) and (b) 20 ml of the OptiPrep gradient of 1.072
g/ml prepared in steps (i) and (ii), and place on top of this 1.5 ml solution of 0.5%
20  human or bovine serum albumin, 0.8% NaCl, 10 mM Hepes, 1 mM EDTA (buffered to
' pH 7.4).

Centrifuge 30 minutes at 700g, e.g., at room temperature or 4°C, with no brake.

Collect the isolated cells from the interface between the gradient and solution of
0.5% bovine serum albumin, 0.8% NaCl, 10 mM Hepes, 1 mM EDTA, pH 7.4.

25 Centrifuge 10 minutes at 395g, at room temperature.
Discard supernatant and re-suspend pellet in 10 mi cuiture medium.
(2) Prepare Percoll gradient for cell density of 1.060-1.068 g/ml.

For example, for 30ml continuous Percoll gradient preparation mix in 50 mi tube:
13.5 ml Percoll (Amersham)
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20 5% serumis carried out before incubation in high-serum nmedi um (>10%
serun), and (b) incubation in serumfree nediumis carried out (i) before
the incubation in the 0.5% 5% serum nmedium (ii) between the incubation in
t he nmedi um conprising 0.5% 5% serum and the incubation in the high-serum
medium and/or (iii) follow ng the incubation in the high-serum nedi um
25Al ternatively, (a) incubation in nmediumconprising 0.5%5%serumis
carried out after incubation in high-serum nedium (>10% serum, and (b)

i ncubation in serum free neth.wm MEM Spipnee chodificat{dn) f ol | ow ng t he

i ncubation in the 0.5% 5% serum nedium (ii) between the incubation in the
hi gh- serum medi um and t he i nbaibdd PoRarie’s sahesomtidhum conpri sing 0. 5% 5%
serum and/ or ’%I ii) before the incubation in the hi g{h serum nedi um

In an enbodi me @Fﬂ@mﬁéé4®8§<ﬂ%8@§tbfélﬁeémﬁﬁqdﬁﬂ$ BEPeEet to | owserum5

medi um are carrjed out usi ag seruntfree medi um | ncreased expansi on

and di fferenti SECHHY b teigrad Rl pethe FEet WW”&B@&WF%“%P"Whe cel |

culture to hypoxia, and/ rca far 4 hours,
5436 Hour's.” o b Rvhginiie b SRLGuitefinagiofii & AOEA R or ont

poi nt's durdnrt@aB&Ed:dH@dﬁhdnUrl ng. (See below for a sarrpl e applied hypoxia
protocol.) 10In the context of the present patent application and in the

cl ai ns, the teCmihijygep@apritdlt efevitbottdrafreconcentrati on of CO2 that is
greater than 5% After the first three days of culture, the cells are
grown in a medColect emichddHEMChanghrahefordhte adp nddehem (e. g., >109%) .

Exam nati ons of culture norphol ogy are perforned. 15Refreshnment of nedi um
is performed eVélthe pbgwiaPe: "F@)tﬂ R Hﬁl“éatg’\%érs ceI |s are cultured in T-75
Flasks, 1. Collect cells in 50 . Fill every flask with 5ml
fresh Hedi um ReS“SPeném@dPWQ%B@@@é‘?Iolﬁmrﬁtﬁm’ég at 450g, room tenperature,
di scard the su rnat Gent, X.ce ell'et and resuspend cells in
5ml fresh rredl %{?R‘OAB;)S %‘%ﬁm‘i H)Q:’g suspensi on to every
flask. 6. Sarrpl rescence-acti vat ed cell sorting (FACS)

and/ or i munohi'éf eoﬁg&ﬁfiagfp tﬁ e@sc""gnt%'\gery few days (for exanple, on days 6,

9, 13, 16, 20, S%rumilreparz)tlon

Serum can be obtained directly from the patient's coagulated plasma {“off the

15 clot” serum), or prepared from plasma generated from blood pre-treated with an

anticoagulant.

For example, for preparation of serum from blood pre-treated with an

anticoagulant:

Take plasma that was collected from the upper fraction of Ficoll tubes (See
20 above description of Cell Preparation).

For each 50ml plasma, add 1.2l 0.8M CaClh2H,O or any other

chemical/biological clotting inducer such as Calcium Chloride, Thromboplastin,

Thrombin agonist peptides or others, in order to catalyze the clotting mechanism.
Incubate for 0.5-4 brs at 37°C.
25 Spin coagulated plasma for 10 minutes at 3500g.

Collect the serum in 2 new tube. Do not aliow the clot to mix with the serum.
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257. Follow and record cul ture norphol ogy whenever culture is treated. 8.
Sanple culture mediumfromgrowm h dishes for sterility tests at the

begi nni ng and end of the procedure, and every 10 days during the culture
period. 9. Collect all cultured cells (See section below, "Collection of
cells for FACS staining"). Applied hypoxia and/or hypercapnia For sone
applications, increased expansion and differentiation of cells may be 5
obt ai ned by exposure of the cell culture, for 2-48 hours, to hypoxic
conditions (e. ﬁ.se; coflecigd/gegym o IHIHUEX prgpardticandy diquetand gperat apiiComtbndi t i ons
(e.g., 6-1Q% C2). This is typically done one or nore tinmes, at different
points during cell culturing. For exanple: On the first day of culture,

i ncubate T-75 flasks in an oxygen controlled 10 i ncubator. Set the oxygen
pressure at 5% cemdiantiget the CO2 concentration to greater than 5% (e.g.,
6% - 8% or 8%- 1I0%, and nmaintain it at this level for 6 hours. Renobve

t he fl a@sks frOmetﬁlefohfmmpaﬁt@srwiﬂﬂibueﬁ}mm@ué{‘[@)%&Hh’.ﬁUr e. Take a sanple of
cells and test viability by Trypan bl ue exclusion nmethod. Set the oxygen
pressure of thMaketdhiditgoms &y 2% a2 of Sk sdnfjre £OAe TBNGAAMIRANMN t0 5%
Re-i nsert : 1.0 he i bator and 15 continue incubation for the
rest of tﬁ}égglé}%%%%%h?é@uﬁéucaélg@(r&sgn'can be repeated, for exanple, once a
week during th I : i r - thi.n 24 8, or 72 hours before
ternination of E?é#élo%giiff‘d&l@%&haﬂ Oﬁg%&aor?{“e‘a%%}aﬁn RERE fheglgfﬁgméﬁre cultured in
hyper capni ¢ copgidil 1 t } I ] I of |ess

t han or equal F gﬁ%(%g%%lgﬁngrtﬁ%eﬁig%/ég?;&%rtﬁag%gg%fh? ic%gf%%qﬁz%ﬂé%ﬁ%re

cul t urldd wPHpdlwepeisgbeisndi ti ons fol | owing being cultured in an
environment of | ess thap or equal to 5% CO2. Reseedi ng of adherent and/or
det ached and/ off Y HAPINY lf f1& cppytede make | 1@ dilution by transferef Yyhel eefipl i cat i ons,
i ncreased sexsplanss@mnTand differentiation of cells may be 25 achi eved by
re-seeding collected cells on new pre-coated dishes in culture medium On
the thi rg Ior ftﬁm«irltalt}ﬁawomf:em?fetdnblﬁﬁed,(ﬁﬁﬂkbQQB dﬁhtﬁom%&'ﬁdﬂ&f@fof%@hi@fl::g Seef 0
section bel ow ." ection of cells for FACS staining." pin tubes for 10 .
m nut es at™ HEBHODS ?OQS%FWQ?ILF%‘ImEﬁ@E o RPN P 4e%ht . Then, gently

mx p et andre-suspend cells in. 10ml fresh di er flask. Finally,
seed gfusls pendedcggvlﬁéé Clglﬁn %rto'r 35-‘%85?“& T jecomiing 10 the follovimg equation:

No. of viable cells x 10,000 x Dilution factor = No. of viable cells /m}
No. of dead cells x 10,000 x Dilution factor = No. of dead cells /ml
% Dead cells = No. of Dead cells/(No. of Viable cells + No. of Dead éells) x 100
% of dead celis should not typically exceed 30%.
20 Calculate average cell number.
Record counting results.

Summarize final cell numbers and vield of cells/ml blood.

Medinm Preparation

25 Calculate the volume of needed medium
Prepare culture medium,

Medium should contain 1-20% autologous serum.
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30fl asks. Continue culturing the cells, and performall other activities
(e.g., nmedium refreshnent, visual inspection, and/or flow cytonetry), as

appropriate, as described herein. Thi s procedure can be perforned
weekly during the culture period and/or within 24, 48, or 72 hours before
termnation of the culture. 5Cell Preservation Cells can be kept in a

preservation nmedi umor frozen in freezing buffer until use, e.g.,
inplantation into the patient. Collection of cells for FACS stai ning
10Col | ect cel | M4dipns0nn dones theChllofvingl yddnash ift| wsious wohasteatioys pifpet ti ng

R e

50nl tubes. Add 5ni remal Ni Ng”’ a ent cells
usi ng gent WngBln ECHO\PelfERY sl WEGF (23-20 agimipeHepatis Col (0ellm}; lWéffaet ached

cell s and add.did : i at e, ad _EDTA and
i ncubat e at 367C 1?%‘?& 55%@%&3&5@&% gg@?ﬁ@%@?ﬁ%ﬁ%ﬂdﬁ% &%‘égﬁdg%u%l themto
t he tub®. the coreSprindingupdarfty (Stbinmaketles (e sidbBUtinrBHIN HghnDentdialetic

Re- suspend | Let .in 2- PBR. . 20Count..the cells, and record counting
results. age &géﬁ%%l%hem? 1|¥‘c’n§'lsmc wy/ Fﬂ%hﬁ cgrsger%{ﬂéowoé‘ﬁj?df‘ B AMFETOSE seeded
cells for @&gery7@pstratiolqd-2068ng/nD) uhdle peepssin (eql propsst@bn BROIGNEMITACS.

ngéCS St agﬁicgngﬁ%&S%%lwloé with PBS. Spin tubes for 5 mnutes at 450g,

It is hypothesized that the steroid reproductive systern hormones (e.g., estrogens

10 and progestins) exert their effect by elevating EPC blood levels. Thus, applying such
molecules or any combination thereof can increase thé yield of the production or the
differentiation of the progenitors into BPCs in vitro, particularly when cells from

peripheral blood are subjected to their effects.

Example for Low % Serum Medium

15 For 100mi medium add:
2ul of VEGF 100pg/ml (final concentration of 10pg/mi)
100ul of Heparin 5000U/m] (final concentration of 5U/ml)
5ml Autologous Serum
94 .9ml serum-free medium

20 Example I for High % Serum Medium
For 100ml medium add: |
2ui of VEGF 100pug/mt (final concentration of 10ug/mi)
100p! of Heparin 5000U/ml (final concentration of 5U/ml)
20ml Autologous Serum

25 79.9ml serum-free medium

Example 2 for High % Serum Medium

For 100m] medium add:
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Totally discard the supernatant by pouring the buffer and absorbing

remai nder on tissue. Gently mx cell pellet. Add st ai ning reagent
(according to staining table) and mx cells pellet. 5Incubate tubes for
15-30 min on ice water in the dark. Wash the cells with PBS. Spin tubes for
5 mnutes at 450g, 4-8C. Totally discard the supernatant by pouring the

buf fer and absorbing remai nder on tissue. 10Gently mx cell pellet. Add
0.5nm PBS per tUbeV% | ess, if tube contains |less than 1x106 cells). If
aggr egat es ar e>Rlio§ VBOE, 100kednkifies! cerdentration 98 HYiatm) t hr ough 200pm nmesh. Read

stai ning resul S E i.ne. Summarize and record FACS results.
15Col ony fornai?dﬁ ééﬁ%ﬂA§$%ﬂﬁ@2§§ﬂgﬂy@@wggu@@ﬂﬂ@b (See section,
"Col | ection of tMQ0§%§£ 100x1073 cells in 0.7

m enriched nedf ﬁ%“% %W%l h%ﬂﬁﬁg 5 ng/m 1L-3 and 25

my/ L BTI - Endo owth suppl ement (ECGS) in ML99. 20 3. To a
round botton1th %ﬁoéﬁLg?gélomﬁng ingredients and mx gently; 3.1.

Met hyl gel | ul osgg Q,Iﬁ)sem;!n feedthedtmg- FCS -0.9 m 3.3. Cell suspension 0.7nml 4.
Seed each m x of into two 35 nn1Petr| di shes (1.5nml in each).
Example 3 for High % Serum Medium
For 100m! medium add:
Sul of VEGF 100pg/ml (final concentration of 10ug/ml)
10 100p1 of Heparin 5000U/ml (final concentration of 5U/ml)
4ul of 17-B-Estradiol 0.05mg/ml (final concentration of 0.0021g/ml)
10m] Autologous Serum

89.9ml serum-free medium

15 Example 3 for High % Serum Medium
For 100m! medium add:
5ul of VEGF 100pg/ml (final concentration of 10pg/ml)
1004} of Heparin 5000U/ml (final concentration of 5U/ml)
4yl of Progesterone 0.05mg/ml (final concentration of 0.002p.g/ml)

20 4yl of 17-B-Estradiol 0.005mg/m! (final concentration of 0.0002ug/ml)
10ml Autologous Serum

89.9ml serum-free medivm

Example 4 for High % Serum Medium

25 For 100mi medium add;
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25 5. Place both 35aun Petri dishes in a 100nam Petri di sh containing
another 35mn Petri dish pre-filled with ddH20 6. Incubate in 37C, 5% CQ2,
97% hum dity. 7. Score colonies after 10-14 days, using an inverted

m croscope Tube formation test 1. Thaw ECvatrix at 4 C overnight. 5 2. Add
100 mcroliters of 10X diluent buffer to 900 mcroliters of ECMatri x
solution in a sterile mcrofuge tube. 3. Mx gently; do not pipette air
into the solution. Keep solution on ice to avoid solidification.

Transfer 40 ni &tlof VESES 0pug/hbifioel cE@Watration of biugtmdn to each wel | of a
96-wel | tissue 10culture plate that has been pre-cooled at 4 C over night
5. Incubate at I@FI@EW%E)OQOE@KMMh@lsrpnttadombifiﬂ%nﬂ)he matrix solution to

solidify. 6. Cﬁ) I ?ct cultured cells. (See section, "Collection of cells for
FACS st ai ni ng. 23Ol ofSimegsen Qi1 (fne! gocaniraipOGEMD i n enri ched nedi um

cont ai ni ng 10% ulgn ser u% 25 m crograns/ nl BTl -Endothelial cell growh
suppl enent (E(ﬁ@)1 Hejo%ou 9P Rg  15heparin in M99 8. Pippette 150 microliter

of cellg suspen@.%gﬁerﬁ%e%@%nto the surface of the polynerized ECVAtri x.

9. Incubate overnig o6 cC2, 97% humi di ty 10. Inspect tube
formati on under an inverted |light m croscope at 40X-200X 20magni fi cati on.
Cell Specifications If the cells are to be transplanted into a human,
then the foll om,mi@ndi tions should typically be nmet: 25(1) Cells should
be generally free Tromany bacterial or viral contam nation. (rn)
Cells should bﬁ,mémhﬁlnpgggﬁlﬁgﬂedgggglgggng{ohzed as (a) larger in size than
| ymphocyt es and/or (b) el ongated, spindle-shaped or irregul ar-shaped and/ or
(c) ““Spin tubes for 15 minutes at 500g, room temperature, discard the supernatant:

10 Gently mix cell pellet and re-suspend cells to 5~50x106/m1.

Seed 1-5x10° cells/ml.

Incubate flasks at 37°C, 5% COa.

Incubate cells in medium containing low serum levels (e.g., up to 5%).

Alternatively or additionally, use high (>10%) serum levels.

15 In accordance with an embodiment of the present invention, the cells are

incubated in low-serum medium prior to being incubated in high-serum medium.,

Alternatively, the cells are incubated in low-serum medium following being

incubated in high-serum mediom.

In accordance with an embodiment, (a) incubation in medium comprising 0.5%-

20 5% serum is carried out before incubation in high-serum medium (>10% serum), and (b)
incubation in serum-free medium is carried out (i) before the incubation in the 0.5%-5%
serum medium, (i) between the incubation in the medium comprising 0.5%-5% serum

and the incubation in the high-serum medium, and/or (iii) following the incubation in the

high-seram medinm.

25 Alternatively, (a) incubation in medium comprising 0.5%-5% serum is carried
out after incubation in high-serum medium (>10% serum), and (b) incubation in serum-

free medium is carried out (i) following the incubation in the 0.5%-5% serum medium,
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granul ated or dark nucleated and/or (d) with flagella-like structures or
pseudopodi a and/ or (e) fibroblast-like or polygonal in shape (lI11) Final
cel |l suspension should generally contain at |east 1x106 cells expressing
one or nore of the markers: CD31, and/or CD34, and/or CD133 and/or 5
CD34+CD133, and/or |CDR, and/or CD34+KDR, and/or CDl144, and/or von

W | ebrand Factor, and/or SH2 (CD105), and/or SH3, and/or fibronectin,
and/ or collagen (types I, IlIl and IV), and/or |ICAM (type 1 or 2) and/or
VCA M anéi)detweemtan tricnbagion Arothe Bigl-s@umAnalngt ard tBhRcstatiomndhomedDn4 and/ or

integrin 0§ 52, i . 0.t Ve t he
enzynaticgégggg?oﬁsﬁﬁﬁ%%%ﬁ%%faﬁgéqh%esu ?Sﬂggégﬁﬁg% Ph%%c%%gg%%%e Wi th
enbodi ment§digm. t he present invention Exanpl e 1. Two-pass isol ation of
EPCs was carried out in seven_ independent experinents using Ficoll (first
pass) and Opt iPrp cpbedige) frehuigues gdeseribed tepsay Walotespect RAQYISEEM n Tabl e 1
show egri ehttRRtardOdaridd@uP@igapadfecahcddd34+ cells in the second-pass cells.
Enrichment is defined as the percentage of CD34+ cells follow ng the second

pass divi ded Hycréahgd patd :&g&irilﬁrexfﬁ%fﬂ-%fmeﬂ% faf bé blﬁﬁihﬂgbﬁ ékgosfu}er@ﬂ' pi'allss
using Opti,Prep. Ta 1. .Enrichnment a Ih, the nd- Pass cells
Exper i ment® encﬁﬁﬁ‘él}m%%(%?ﬁ%ﬁa 9 SRS PAPRR r(f@% fﬁ’—‘éc"i%?o“riiil?'?g %?}éf§’sﬁ53(§c ond Pass

hours, or 36-48 hours. This is done one or more times at different points during cell

culturing. (See below for a sample applied hypoxia protocol.)

10 In the context of the present patent application and in the claims, the term

hypercapnia refers to a concentration of CO, that is greater than 5%.

After the firsi three days of culture, the cells are grown in a medivm containing
high levels of serum (e.g., >10%). '

Examinations of culture morphology are performed.
15 Refreshment of medium is performed every 2-3 days.
For example, when cells are cultured in T-75 Flasks:
1. Coliect cells in 50 ml fubes.
2. Fill every flask with Sm! fresh medium.
3. Spin tubes for 10 minutes at 450g, room temperature, discard the supernatant.
20 4. Gently mix cell pellet and resuspend cells in 5ml fresh medium per flask.
5. Return 5ml of cell suspension to every flask.

6. Sample cells for fluorescence-activated cell sorting (FACS) and/or
| immunohistological analysis every few days (for example, on days 6, 9, 13, 16,
20, 24 and 30).

25 7. Follow and record culture morphology whenever culture is treated.

8. Sample culture medium from growth dishes for sterility tests at the beginning

and end of the procedure, and every 10 days during the culture period.
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10.20.49 2.52<0.20.34 >1.7 3<0.20.69 >3.54<0.20.65>3.35<0.2

9. Collect all cultured cells (See section below, “Collection of cells for FACS
staining™).

Applied hypoxia and/ox hypercapnia

For some applications, increased expansion and differentiation of cells may be
5 obtained by exposure of the cell culture, for 2-48 hours, to hypoxic conditions (e.g., 1-
5% or 5-15% oxygen) and/or to hypercapnic conditions (e.g,, 6-10% CO,). This is

typically done one or more times, at different points during cell culturing,

For example:

On the first day of culture, incubate T-75 flasks in an oxygen controlled

10 incubator. + Set the oxygen pressure at 5% and/or set the CO, concentration to- greater
than 5% (e.g., 6% - 8%, or 8% - 10%), and maintain it at this level for 6 hours. Remove

the flasks from the incubator and examine the culture. Take a sample of cells and test
viability by Trypan blue exclusion method. Set the oxygen pressure of the incubator at

21% and/or set the CO, concentration to 5%. Re-insert the flasks into the incubator and

15 continue incubation for the rest of the period. This procedure can be repeated, for
example, once a week during the culture period and/or within 24, 48, or 72 hours before

termination of the culture,

In an embodiment, cells are cultured in hypercapnic conditions prior to being
culfured in an environment of less than or equal to 5% CO. Alternatively or
20  additionally, cells are cultured in hypercapnic conditions following being cultured in an

environment of less than or equal to 5% CO,.

Reseeding of adherent and/or detached and/or floating cells

For example:

For some applications, increased expansion and differentiation of cefls may be

25  achieved by re;seeding collected cells on new pre-coated dishes in culture medium.

On the third or fourth day of cultﬁre, collect all cultured cells. (See section below,
"Collection of cells for FACS staining.") Spin tubes for 10 minutes at 450g, at room
temperature. Discard the supernatant. Then, gently mix pellet and re-suspend cells in
10ml fresh medium per flask. Finally, seed suspended cells in new pre-coated T-75

30  flasks. Continue culturing the cells, and perform all other activities (e.g., medium _
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0.58 >2.9 <0.2 <0.2 - 7 <0.2 0.46 >2.3 10Exanple 1. In a set of separate
experinents, the ability of first-pass enriched EPCs to generate tubes was
eval uated using a tube-formation test following in-vitro growh on

Fi bronectin-coated T-75 Flasks in the presence of nedi um contai ni ng high
serum | evel s (>10% aut ol ogous serum or non-autol ogous serun), 1, 2, 10 or
20 ng/mM VEG-, and 5-25 U ml Heparin. Typical tube fornation inmages are
presented in Figure 15 1. In these experinents conducted wi th human bl ood,
usi ng t he rprehoen! viskebiospetiod, drdioefloabpvmetri) mgpsomts af ddsaibedisi ng an
inverted RjegEpscope (N kon ECLIPSE TS 100) using anplifications of x4 and
x20. Fig. 1 shows tube formation test fromfirst-pass EPCs enrichnent in
cul ture. Thi fase] ' Ard.chment  of
EPCs from econJFggssh%é%?gé323“@@%?&%?%3&%%ﬁ%§&?ﬁ8@Fﬁ?@P%ggfg@%ﬁkh on
Fibronect?%ﬂ@dﬁﬁgéowﬁ?@bﬁﬁﬁgwﬁm?ﬁpﬁﬂﬁﬁqmm@sence of nedi um cont ai ni ng

aut ol ogous serﬂgi VEG-, b-FG, 1G-, and Heparin. Flow cylonetry percentage
st ai ning resul ty i ndependent experinents are 5 summarized in
the Table for I . .Ln these exper.i ment,s cqonducte ith hunan bl ood,
usi ng the protg%ﬁggﬂgg%ﬂﬁﬁ%ﬁwﬁ§P@PW%gﬁ@ET‘? ”§P%ﬁ%@é}$&%¥ﬁ@§“@f cells
cul tured iap.neglaatatoniiithe prgieti gh serum | evel s (>10% and 1, 2, 10, or 20
ng/ M VEGF yielded the follow ng changes in staining levels fromday 0 to
day 13: Tabl e for exanple 2 Enrichnent of Second-Pass EPCs

following thirteen 10 days of culture
Collection of cells for FACS staining

10 Collect cells in 50m! fubes,
Carefully wash flask surface by pipetting with cold PBS, to detach adherent cells.
Collect washed adherent cells in 50ml tubes.
Add 5ml of cold PBS.
Detach remaining adherent cells using gentle round movements with cell scraper.
15 Collect the detached cells and add them to the tube.

As appropriate, add 5ml EDTA and incubate at 37°C for 5 minutes. Collect the
detached cells and add them to the tube.

Spin tube for 5 minutes at 450g, room temperature. Re-suspend the pellet in 2-5
m] PBS.

20 Count the cells and record counting results.

Summarize final cell numbers and yields / number of seeded cells for every

.operation day.

Divide equal volumes of cells to FACS.

25 FACS Stainin
Wash cells with PBS.

Spin tubes for 5 minutes at 450g; 4-8°C.
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Mar ker %Gt ained cells on day O %stained cells on day 13 CD45 85% - 98% 7. 0%
- 39.0% CD34 Undetectable (<1% up to 17.7% CDI 33 Undetectable (<1% up to
6. 5% KDR Undet ectable (<0.5% up to 7.3% Example 3. In a set of
separate experinents, enrichnment of EPCs fromfirst-pass cells was

eval uated following in-vitro growh on Fibronectin-coated T-75 Flasks in

t he presence of nedi um contai ni ng autol ogous serum VEG-, and Hepari n.

Fl ow-cytonetry percentage staining results fromindependent experinents are
sumari zed in Thellfdistaed Giebepermaeanil wulug (b bsferexpatrsbmimtramaiades ogonduct ed

w th humanghl.ood, using the protocol described hereinabove. Before

i ncubation the cells exhibited | ess than 1% CD34. FACS staining results of

cells cul tureddeﬂﬂm(ﬁng%[&_ai ni ng 5-20% aut ol ogous serum (typically 109 ;
I, 2, 10, or 20 ng/m VEG- and 5-25 Mm Heparin are summarized. The

fol I owi ng surf a@e semideaefeNRiRodinghyda8ng Wk adPmitatnd peiiphocyt e marker),
the 10 stem progenitor cell markers CD34gand CD 117, and the
EPC/ enddt hel i allncokdtd tub@r teerss30Ghh3d icekdadlitr (0faeHark)) , CD144, and Dil - Ac- LDL.
Wash the cells with PBS.
Spin tubes for 5 minutes at 450g, 4-8°C.

* Totally discard the supernatant by pouring the buffer and absorbing remainder on

tissue.
10 Gently mix cell pellet.
Add-0.5ml PBS per tube (or less, if tube contains less than 1x10° cells).
If aggregates are visible, transfer cell suspension through 200um mesh.
Read staining results using FACS machine.
Summarize and record FACS results.

15 Colony formation test

I. Collect cultured cells. (See section, "Collection of cells for FACS staininé.") ,

2. Suspend 100x10"3 cells in 0.7 ml enriched medium containing 50 ng/ml SCF, 2
IU/ml EPO, 5 ng/ml IL-3 and 25 mg/ml BTI-Endothelial cell growth supplement
(ECGS) in M199.

20 3. To around bottom tube add the following ingredients and mix gently;
3.1. Methylcellulose 2% - 1.4 ml
3.2. FCS - 0.9 ml
3.3, Cell suspension 0.7ml
4. Seed each mix of 3 ml into two 35 mm Petri dishes (1.5ml in each).

25 5. Place both 35mm Petri dishes in a 100mm Peiri dish containing another 35mm Petri
dish pre-filled with ddH20

6. Incubate in 37°C, 5% CO,, 97% humidity.
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Tabl e for exanple 3. Characterization of first-pass EPCs Cul tured on
Fi bronectin pre-coated flasks in the presence of VEG- Marker Average CYO
std. Error CD45 89.36 0.85 83 CD34 11.62 1.11 87 CD117 7.01 1.09 45 Q0133

2.85

10

15

20

25

7. Score colonies after 10-14 days, using an inverted microscope

Tube formation test

1. Thaw ECMatrix at 4 C overnight.

2. Add 100 microliters of 10X diluent buffer to 900 microliters of ECMatrix solution in
a sterile microfuge tube.

3. Mix gently, do not pipette air into the solution. Keep solution on ice to avoid
solidification.

4. Transfer 40 microliters buffered ECMatrix solution to each well of 2 96-well tissue

culture plate that has been pre-cooled at 4 C over night
5. Incubate at 37 C for at least 1 hour to allow the matrix solution to solidify.
6. Collect cultured cells. (See section, "Collection of cells for FACS staining,")

7. Suspend cells to 0.15x1076/ml in enriched medium containing 10% Human serum,

25 micrograms/ml BTI-Endothelial cell growth supplement (ECGS) and 5 IU/ml
heparin in M199

8. Pippette 150 microliter of cell suspension per well onto the surface of the

polymerized ECMatrix.
9. Tnoubate overnight in 37°C, 5% COx, 97% humidity

10. Inspect tube formation under an inverted light microscope at 40X-200X
magnification.

- Cell Specifications

If the cells are to be fransplanted into a human, then the following conditions
should typically be met:

(1) Celis should be generally free from any bacterial or viral contamination.

(I) Cells should be morphologically characterized as (a) larger in size than
lymphocytes and/or (b) eclongated, spindle-shaped or imegular-shaped and/or (c)
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0.46 41 KDR 1.79 0.38 85 (0144 10.33 1.50 3 DIL-Ac-LDL 7.97 0.42 3 15
Exanple 4. In a set of separate experinents, enrichnent of EPCs from
first-pass cells was evaluated following in-vitro growth on autol ogous

pl asma- coated T-75 Flasks in the presence of nmedi um contai ni ng aut ol ogous
serum VEGF and Heparin. Flow cytonetry percentage staining results from 17
i ndependent experinents are summari zed in the 5 Table for exanple 4. These
experinents were conducted wi th human bl ood, using the protocol described
her ei naboxrenulBed or @aiknoulkatd end/ohel) cell agiilt seFireser pivadrPedrCD34. FACS
staining result.s..of.cells i n_medi a containing 5-20% aut ol ogous
serun1(ty8§%§ﬁ®§&T6$§?mwag@h%%gggﬁmga ng/ M VEGF and 5-25 11U mlL Heparin

are summari zed. The foll ow ng _surface markers were anal §eﬂf CﬁfS (a
pan- | ynphocyt €8 Final cell suspension should generally contain at least’ 1X cells

expressing one or more of the markers: CD31, and/or CD34, and/or CD133 and/or
5  CD34+CD133, and/or KDR, and/or CD34+KDR, and/or CD144, and/or von Willebrand
Factor, and/or SH2 (CD105), and/or SH3, and/or fibronectin, and/or collagen (types 1,
TH and IV), and/or ICAM (type 1 or 2) and/or VCAM1 and/or Vimentin and/or BMP-R
IA and/or BMP-RH and/or CD44 and/or integrin bl and/or aSM-actin and/or MUC13
and/or be positive for the enzymatic reaction Dil-Ac-LDL.
10
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10 marker), the stem progenitor cell markers CD34 and CD 117, and the

EPC/ endothelial tell markers CD133 and KDR (VEGF-R). Table for exanple 4.
Characterization of first-pass EPCs cultured on plasma-coated fl asks Marker
AVG SE CD45 89.46 1.75 CD34 6.94 1.29 CD117 4.25 0.72 CD133 2.03 0.57 KDR
1.31 :

Results obtained in accordance with embodiments of the present invention

Example 1. Two-pass isolation of EPCs was carried out in seven independent

experiments using Ficoll (first pass) and OptiPrep (second pass), as described above.

5  Results in Table 1 show enrichment of the percentage of CD34+ cells in the second-pass

cells. Enrichment is defined as the percentage of CD34+ cells following the second pass
divided by the percentage of CD34+ cells following the first pass using OptiPrep.

Table 1. Enrichment of % CD 34 in the Second-Pass cells

Experiment % CD34+ Cells Enrichment

number  First Pass Second Pass Factor
1 0.2 0.49 2.5
2 <0.2 0.34 >1.7
3 <0.2 0.69 >3.5
4 <0.2 0.65 >3.3
5 <0.2 0.58 >2.9
6 <0.2 <0.2 -
7 <0.2 0.46 >2.3

10 Example 1. In a set of separate experiments, the ability of first-pass enriched

EPCs to generate fubes was evaluated using a tube-formation test following in-vitro
growth on Fibropectin-coated T-75 Flasks in the presence of medium containing high
serum levels (>10% autologous serum or non-autologous serum), 1, 2, 10 or 20 ng/ml
VEGF, and 5-25 TU/ml Heparin. Typical tube formation images are presented in Figure
15 1. In these experiments conducted with human blood, using the protocol described
hereinabove, images were taken using an inverted microscope (Nikon ECLIPSE TS100)

using amplifications of x4 and x20 .

Fig. 1 shows tube formation test from first-pass EPCs enrichment in culture.
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0.39 Exanmple 5. In a set of separate experinents, enrichnment of EPCs from
first-pass cells was evaluated following in-vitro growh on aut ol ogous

pl asma- coated T-75 Flasks in the presence of nedi um contai ni ng aut ol ogous
serum VEGF, progesterone and Heparin. Flow cytonetry percentage staining
results from 3 i ndependent experinments are 5 summari zed in the Table for
exanpl e 5. These experinents were conducted wi th human bl ood, using the
prot ocol described herei nabove. Before incubation the cells exhibited |ess
than 1% CD34. Paeslest dp aispigelrsemite sxnsfimert.| egrighmant PeBPChirpra dp®@néont ai ni ng
5-20% autr?hsago@mswa%%wmtéé BRbwRk vkl @owtﬂ- on Zibrokletindoa@8 TOB FidskVEGE, 0. 02-2

m crogram ni|l progesterone and 5-25 He arr n are summmar.i zed. The
fol | owi ng REAFSesReE Oﬁﬁ%eﬂlé?lsc"&f@m%raém&}ga‘?%ﬁf@aﬂ L PYhHERSEDt e mar ker)

t he ster n/myveganhder e@@h @&E&ﬁg%&%‘froﬁﬂ%&@lﬁa&peﬁdbﬂt Rk erdot hel i al
cell r kers CDl%g ?ﬁ D§ﬂ G--R). _Table for exanp Char acteri zation
of first-HETES | taGleeyr GRS i s CREFBetY ?%ﬁ‘l’é‘éﬁdi Vith Bwnsy esence of

pr ogest er (Mttde\{&rdge]lie AMGcddedcElb RdeitiBove, BACE Ithindie réshlid oft delicDldufed. 54 2. 08
D133 in media containing high serum levels (>10%) and 1, 2, 10, or 20 ng/ml VEGF yielded

the following changes in staining levels from day 0 to day 13:

Table for example 2 Enrvichment of Second-Pass EPCs following thirteen
10 days of cultare

%Stained cells on %Stained cells on day
Marker
day 0 13
CD45 . 85% - 98% 7.0% - 39.0%
CD34 Undetectable (<1%) up to 17.7%
D133 Undetectable (<1%) up to 6.5%
KDR Undetectable (<0.5%) up 0 7.3%
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5.72 0.47 KDR 1.05 0.12 Exanple 6. In a set of separate experinents,
enrichnment of EPCs fromfirst-pass cells was evaluated followng in-vitro
growt h on autol ogous plasna-coated T-75 Flasks in the presence of medium
cont ai ni ng aut ol ogous serum VEG, 17-beta-estradiol and Heparin.

FIl ow-cytonetry percentage staining results from 3 i ndependent experinments 5
are summarized in the Table for exanple 6. These were experinments conducted
wi th human bl ood, using the protocol described herei nabove. Before

i ncubati on t heExastils3.dr histfi of eepatatessxperdivarnts] 96rCD@4nt of KESs Somi frktrmgsy esul ts of
cells cul tcaiseQaSI é@aﬂaga @ommg% nitfaggrfgw&oo@%;?é QML Fl%@]a@ﬁs Riggal |y 109 ,

1, 2, 10, or m crogra stra and 5-25
| U/ ml Hep@rqswcapéms@;m@m@é@g antplegdusistromi MEGE gand (ieparive FhW"RJéP@GWBEr e

anal yzed: @Q@:ﬁ%écasta%ﬂﬂ% Lexmminaeﬂéﬁ&éa@apenhaﬁs %%uinmaggeﬁ%w THE | markers
CD34 and nd 1 he' EPC/ endot hel i al mar kers CD 133, and XDR

(VEGF- R) . Traspmrledr Tossammesmgats @%@ﬂ&é@‘@@iﬁ@%ﬁ%’fﬂoﬂ peipe haswtepts cul t ur ed

on pl asna d@gcﬁbém@etr@ﬁhbab@ai%rb rhcﬁmmp{h%%a&%%hmtemssk&nem eadi gladdr ker
average SE CI45 ? 38 CD34 .
staming results of cells cultured i in medla contammg 5-20% autologous serum (fypicaily

10%); 1, 2, 10, or 20 ng/mi VEGF and 5-25 TU/ml Heparin are sumimarized. The

following surface markers were analyzed: CD45 (a pan-lymphocyte marker), the

10 stem/progenitor cell markers CD34 and CD117, and the EPC/endothelial cell markers
CD133, KDR (VEGF-R), CD144, and Dil-Ac-LDL.,

Table for example 3. Characterization of first-pass EPCs Cultured on
Fibronectin pre-coated flasks in the presence of VEGF

Marker Average (%) std. Exror . N
CD45 89.36 0.85 83
CD34 11.62 1.11 87
CD117 7.01 1.09 45
CD133 2.85 0.46 41
KDR 1.79 0.38 85
CD144 10.33 1.50 3
DIL-Ac-LDL 7.97 0.42 3

15
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CD117 1.41 0.27 CD133 1.77 0.88 KDR_ 0.28 0.20 15 Exanple 7. In a set of
separate experinents, enrichnent of EPCs fromfirst-pass cells was

eval uated fol |l owi ng in-vitro growh on T-75 Flasks coated with plasma and
anti CD34 anti bodies in the presence of nmedi um contai ni ng autol ogous serum
VEGF and Heparin. Flowcytonetry percentage staining results from2

i ndependent experinments 5 are presented in the Table for exanple 7. These
wer e experinents conducted with human bl ood usi ng the protocol described
her & NaboyR,mBelone, LAGRALLANLIEGE L2 SIhPI Bt @ ax?gkgg Rl $2AC034. FACS
staining results of cell SN N redi acontalnln stalnlng
results ofwag équ@‘dedwqmwmﬁnm'gWBthfdnaistob)geuraﬂwavﬂwﬂqd3 -HiFlaskeisitergous pl asma
and 0.5-1 t 0 20%
2t of ogous ser o PEaan o AR 5, SR AR, Pl 2
Heparin' @Eﬂfﬁeeﬁw&desufrhéom Wmﬂ#mgd@u@xm@enﬁr%ﬁ@mm@d alﬁaﬂl%/zed CD45
(2 pans! yMRbRGH! GaffBRe  Inesd BEeHhEHIBE AGERER b GhinsFBIKE SnElRA and
CD117, and the_ EPC/ endot helial cell markers CD13 R) .
Tabl e f or PEXeRPpIdescyibedcherpinghons- &(’é?rledﬁc‘@#m thet el sxhififsdslesythen téd on

15pl asma anssaaphics Gladfng Rt dRs kituPark hedEX RontaiindX Dov hdtctddbas
serum (typically 10%), 1, 2, 10, or 20 ng/ml VEGF and 5-25 IU/ml Heparin are
summarized. The following surface markers were analyzed: CD45 (a pan-lymphocyte
10 marker), the stem/progenitor cell markers CD34 and CD117, and the EPC/endothelial
“cell markers CD133 and KDR (VEGF-R).

Table for example 4. Characterization of first-pass EPCs cuitured on

plasma-coated flasks

Marker AVG SE

CD45 289.46 1.75
Cbh34 6.94 1.29
CD117 4.25 0.72
CD133 2.03 0.57
KDR 1.31 0.39
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85.34 97.10 CD34 1.96 1.50 CD117 0.64 0.83 CD133 0.57 3.88 KDR 0.24 0.54
Exanple 8. In a set of separate experinents, enrichnent of EPCs from
first-pass cells was evaluated following in-vitro growmh on

Fi bronectin-coated T-75 Flasks in the presence of medi um contai ni ng

aut ol ogous serum VEGF and Heparin in a high %02 hum difi ed environnent.

Fl ow cytonetry percentage staining results from3 5 independent experinents
are summari zed in the Table for exanple 8. These experinments were conducted

wi th huma [ t | .de i bed ' f

i ncubat i onrh){%hg%?élﬁg S%)%ﬁisgfd{%%%pggge%tggﬁg%%&gﬁg g%&qgﬁ g 638%555 serum
(typi cal | ywas@¥luated foowin®in-\Giro 2@wHiygmrdutolmeRs plemneo@ard fi Brigkaintha

17- P- Estr ag] s i re.d .0 37C, 6.5 -
12.5 % CO%g S%egd?}%“ﬁ%‘%ﬁs’éé’%@“}é pfléfg“%g‘gse%é‘%n’?g‘?dﬁr@°4e§tﬁ #’gg\n rfg Hg%r ace narkers
wer e anal yZew-cyigpaisy (parcprieeel FipHSC yeseltimiiore ) indeprndentepriepmederire or cel |

mar ket {CD3@mnARGkd iR G B _e@&césamﬁbsagh&@ E}l%efifﬁ@ﬁtg%re%c?]tﬁ%]d wliBh&af Or exanpl e

S. Characterization of first-pass EPCs cultured in a d envi ronnent
cont ai ni ngPlpRAy BiEH BEPTAeol Pesridipd hereinabove. Before incubation the cells exhibited

less than 1% CD34. FACS staining results of cells cultured in media containing 5-20%
autologous serum (typically 10%), 1, 2, 10, or 20 ng/ml VEGF, 0.02-2 microgram/mi

progesterone and 5-25 TU/ml Heparin are summarized. The folowing surface markers

10 were analyzed: CD45 (a pan-lymphocyte marker), the stem/progenitor cell markers
"CD34 and CD117, and the EPC/endothelial cell markers €D133 and KDR (VEGE-R). -

Table for example 5. Characterization of first-pass EPCs cultured on

plasma pre-coated flasks in the presence of progesterone

Marker AVG SE
CD45 94.82 2.31
CD34 21.22 347
CD117 5.54 2.08
CD133 572 0.47
KDR 1.05 0.12
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Mar ker AVG SE CD45 90.47 4.53 CD34 23.77 17.93 CD133 4.48 2.10

Conpl ete or partial |loss of blood supply to body tissues (ischema) is a
comon mechani smin many di seases either as a cause or as an internediate
stage responsible for the disease's outcone. This deficit in supply |eads
to the affected tissue becom ng progressively incapable of performng its
functions, to the onset of pathol ogic processes 5 resulting fromthe
deprivation of nutrients, mainly oxygen, as well as accunul ation of

et abol | { 68SiuGh 125 SO seleluud DERRmPLOGEAIER AL ARAGVRLS bl Suent ual 'y

lead to cell and tissue deat ctron new DI vessel
f or mat i on %3 extigriedioligying Eptite erowtheorcatgiogons slesnaioated TsTilasks inghels t o

rest or at i Qoo UG Vbubiity ARGELEN LSS ERly, 10RA0ARgAN],Pr eVent i on

of 'death of the affected cells: The principle of restoring blood supply to
a depri vedi@rganTlos-proamaty petgengecciridnes rogits fem (eindependspt opeomarty vesse
graft surged ¥umaniedkd 00 TR FHORhASEY. THksO wéferexb&nﬁr%&t eBudi@ewiginct i oni ng

of the he%{t and preventing further deterioration. I'sS I nvasive approach

i s gener all%pap diidp reing HieyProlRent desriged AprginakateuResrezisgubation the cells
exhibited less than 1% CD34. FACS staining results of cells cultured in media

containing 5-20% autologous serum (typically 10%), 1, 2, 10, or 20 ng/ml VEGF, 0.002-
2 microgram/ml 17-B-Estradiol and 5-25 TU/ml] Heparin are summarized. The following

10 surface markers were analyzed: CD45 (a pan-lymphocyte matker), the stem/progenitor
cell markers CD34 and CD117, and the EPC/endothelial cell markers CD133, 'and KDR
(VEGE-R).

Table for example 6. Characterization of first-pass EPCs cultured on

plasma pre-coated flasks in the presence of 17-f-estradiol

Marker average SE
CD45 96.14 0.38
CD34 4.12 0.05
CD117 1.41 0.27
CD133 1.77 0.88
KDR 0.28 0.20

15
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15 vessel s are occluded. However, in many di seases associated with a
decrease in vascul arization, the occlusion occurs in small vessels not
anenable to this type of intervention. In an enbodi ment of the present
invention, EPCs are supplied to a bl ood-deprived organ or tissue in order
to augnent or replace the defective vascularization by 20 creating new

bl ood vessels in the deprived organ using autol ogous or non-autol ogous
endot helial progenitor/stemcells injected either directly into the

| schem ¢ IEasie 798 o B & RALADLRIABR \ERIESY biEbALBL Bl TldcAl  he
ischem e tissue. A success creat suc vascul ature “general |l y
restores t¥s vaeed Snlowpeciparosgputht %eT 7adtlasks orasndi with plpomecadaintis t he
formati on ©hzPakRe rivation,
and/ or 25 avertstiad(!lelg%iﬁc%é pggt%fgff%a%ﬁlg%gﬁ% “?ée %lgogér)l&n%ﬂu%e}r?%g@e in some
cases, CoONEBIR-oFlO-SERMPSRAECIIAT Heiking esils Eemtla] eneé@nbweamemhe organ

reduce pathelagesal mV&%CPHb&f fof %&:hﬁ{ﬂe af Iﬁ&é@e&eré QOh I AEni éoBBJbtetdhﬁntﬁ” gan that
may reduce t he qg’ﬂ%ﬁ functio enbodi nent  of ewﬁr esent

i nvent i on, “E@pH Q‘SlEPG’éE P’Bméﬂ pqgibrd @Ffet’ia@%"ﬁeBt’ﬁO@a%HWH@“ 846 fe of the-

fol | owi ng dxsmhediias rekatesd mndmmn&amﬁgemm@%ﬁ tdng @u@uéa%l Reahion of the
conprom sed bl oodF‘gggpl y gener al | artially or_caonpletely cures the

di sease or®PERIRE S ofstednicAlgreofm Tof> ﬂPﬁl‘S sPoet #itsivalof the

condi ti on. autolégote/losthe anlll. 5 16l ins@aSMnPANS S0 CINIQH hRERIMR.dBatsh of optic
of the optic _nerve-head. A treatnent

nerve ass ciated wth ische

et nif ¢ c2Pb SRGPERP HEY CREIR IO hev e eha/es YR, S Be NI |y

arrest ? t hHeIﬁhﬁ aaspreﬂmaesse MBWIQM@S?S%&E vadre 'faﬁhﬂ}yzfe&m@bléﬂ)gh 9511:1 he optic
nerve (at tic nerve fibers ose ¢ odi_es have not
Vet i ca. WRbRiscmBpnde: AlbiEeet el D HLLdcs: CPE BvEe hond) | I n
an enbodimﬂﬂvmﬁ%ﬁhhﬂcﬂlﬁﬁﬁﬁ@(KHBEm&HﬁDR(VBGE@QJng EPCs into the optic nerve
head and/or around it generally effects the desired vascul ature induction.
(See t he abov&ahbkenfor mmadplar’l.i(diaeadognﬁhmélfms&baﬁ ERCs eulb@redger 1 el at ed
macul ar. degener ation., Thi i sea S associated wth bircul atory
'distu?%ances%%ﬁm?andanﬁé§§ﬁ %g ded vessel tissue supplying the outer
| ayers of mmﬁk&@tlna mn@gpuﬁs netaﬁ&jgg requi rements. These di sturbances
conpr om sg—the—ett+pp—eath-rgto—+ts—progressi ve death with consequent
reduct i on |iGP4i sual {unc8i-Bhs. | n 4H.1énbodi ment of the present 15

i nvention, ckﬁhecting EPCs ggnt o [t he pg@r0|c generally arrests the disease
process arfe—preventsblindress- See—-the—-gbove-mentioned article by Zarbin
MA.) Di aEéiIﬁé""retln)patW54 This di 88%se ijs a small vessel disease that

| eads to lleaqlyzi schehai agqy thel retgga and therefore edema inpairing

vi si on. 2G—AHheughneovasewtar+zat+on—ogqcurs, it occurs as a result of

i schemi a, [&d&Rit occyrs i%% he yegi BA%npst| i nportant to accurate vision -
the macul a, thereby inpairing vision. In an enbodi nent of the present
invention, controlled induction of blood vessel growh by adm nistration of
EPCs to regions adjacent to, but not in, the nmacula reduces or elimnates
vessel 25 growh and edema formation in the nmacul ar area. This EPC-induced
controll ed induction of blood vessel growmh typically supplies sufficient
blood to the retina to obviate the retina's need to vascul arize the macul ar
area. (See the above-referenced article by Frank RN, and the
above-referenced article by Singleton JR et al.) 30 Diabetic nephropat hy.
Thi s di sease invol ves at heroscl erotic bl ockage of t he ki dney' s bl ood
vessel s and destruction of the blood-filtering structures of the kidneys
and thus kidney failure, which necessitates dialysis. In an
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enbodi ment of the present invention, induction of replacenent vessels by
injecting EPCs into the kidneys arrests the process. (See the
above-referenced article by Bahl naann EH et al. (2004)) Non-union of

bones. This occurrence after trauma and surgery usually results from
insufficient blood supply in the fracture/surgical incision area of the

af fected bone. In an enbodi nent of the present invention, |ocal application
of EPCs to the fracture/surgical incision area of affected bone restores

vascul ari zggd 8 skin ul cers.
These Ie5|ongﬂgﬁeQQa§g§g¢§£m$£ %%%g%%téﬁgg?mﬁ3?%gc uﬁgﬁﬁmk%m?ﬁi rel evant
area of th&*sRyaiatednfoliawingiipditire stovdf o HébpresienbatedTefst Flasks inothal

appl i cat i opregthedFRGRedifn 6 h L GaRS t ekl 0ad, sipply and
general ly ]ea g to %eallﬁﬁﬁa'gaﬁéha%ﬁnéﬁ&'vggiu g errentl%q1 %ﬂﬁ stroke.
This condi ByAitiedsevirenpetm pFlgyratogiers berpainge S HiBb@EC Sl efr@fx Bl ood
vessel s5 i nmﬁé}ﬁndﬂhﬁéx@enﬁéht@d?e SRR AR LTt B r LnBiSS Q‘Hése 'egpy %ﬁ]hgn

supplying the brain with EPCs restores at [east a port

conpr omi se§Ei PRIl VG bmpn; blord, maag MOWﬂdldwﬂbﬁthﬁelnaMd/Bﬁfosl ows down
det er i or at inoubatién ﬁe b dxtibatd !b@s thaDl%Q;@LfmF ¥.86% %BR%B&YsenH‘g@pIQJ nlgrgr essi ve

occl usi on g({‘y) gg ess s in extremti es n cause
[')
a

for surgic | ng/pl a\ﬁ%é)rﬂ%él micieran/ml Ha-Boksiigdiat 20ch§@At i on, such

amput at i onﬁJ/mt Hemvtﬁa"ttv&@e Bitut@8itianyng 64 qus'%@@%ﬂ@ﬁ/ﬁﬁmﬁﬁﬂf ed |inbs
by locgl in] Li ke all transplants, skin grafts depend

on bl ood s p%f“ hoglf‘ Eﬂgv’ﬂga?"rfag"e@aﬂ‘feﬁr werg ApalveRd: (GR45Satsonas-lymphdcieed book

edi ted by Garkenf thelsm/mogniidrecelhamRerNEM4; %@%@Eﬁ(ﬁ/&ﬁ&ﬂﬁuﬂ@ﬂﬁd}ﬁﬁve“ EA et
al.). Both e grafts and skin flaps can fail because of 25 inadequate

vascul ari zation. Free grafts requi re adequate vascul ari zation in the bed,

and fl aps nee uat eir o 0 upply until |oca

anast onpses cg"nbi}gfog'sg?t[%‘ﬂl gh a'(a§£?5‘;m °6‘r°fe[\§[<{§]%‘fsé%q)t(ﬁe"“§ﬂtﬁﬂemrfbntl oned

articl es by BhbowiderEiroement contaiiiap hgieralpnic @nditbgatrice et al.). This is
Lants nade

al so tgae of artificial skin (see, for exanple, the
above- nen] Monkeat artijcl eAbWGFerrettiSEt alw. In these cases, good 30

vascul ari Lon 135 %@J%ZUIHUH for—opty mal reinnervation of the graft.
In an enb nt _of |t he sent_inveltion| vascul arization is induced by

seedi ng sﬂicmgr afts {wi t R3BPCs. | Suchy. EPC—i duced vascul ari zati on generally
vival . For sone applications,

i ncr easesyERe T Kel fjiood g sKi
this EPC t edhni gt i nation with techni ques for

endot helial cells transplantatlon described in the 5above-nentioned article
by Schechner et al., nmutatis nzutwzdis. In an enbodi ment of the
present invention, vascularization is induced by seeding an attachnent site
with EPCs during reattachnment of a severed |linb. Such EPC seeding generally
hel ps restore rnicrocirculation to the reattached Iinb. It isto
be noted that the indications described hereinabove are only exanples of 10
t he therapeutic uses of EPCS I n other enbodi nents of the present

i nvention, other
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conditions in which blood circulation is conprom sed are treated by
appropriate application of EPCs to |ocations which have insufficient or no
bl ood vessel s. It is also noted that techniques described herein
with respect to increasing stemcell populations prior to admnistration to
heart patients may al so be adapted for use with 15pati ents having any of
the conditions described herei nabove. An enbodi nent of the present

i nvention conprises practicing a technique described in one or both of the
fol | ow ng provisional patent applications (optionally in combination with a
t echni que descrd 1§ Y/ I

Application 60/ SOEE’%%% pﬁﬁa? lgcsfls Oflﬁloé) 9 fupp 2§ a)boggﬁ%%:&% %ﬁh&g%‘lf E%%%n

t echni ques™f nigfR dn Rmlisepsenpither 155 cauggrny as an mfﬁﬂ(lfkff}ﬂtwgﬂrfwméﬂl%m&)lr Pat ent
Appl i cat i ofie GiNeBB8, EBmef |1Tﬁ§ide]ﬂblitY1nls§p]i)1gquﬂs & Bfel deteBfld tis éu@%egé‘hﬁ?ns for
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signifi CanGfivthelial progenitor/stem cells injected either directly into the ischemic tissue, or into
patent blood vessels in the proximity of the ischemic tissue. A successful creation of
such vasculature generally restores the function, prevents further deterioration, forestalls
the formation of pathological processes secondary to blood supply deprivation, and/or
25  averts death of cells in the affected organ. Furthermore, in some cases, controlied blood
vessel formation in certain regions of the organ reduce pathological vascularization of

other regions within the organ that may reduce the organ’s function.

In an embodiment of the present invention, supplying EPCs to an organ or tissue
freats one or more of the following ischemia-related conditions. The resulting
30  amelioration of the compromised blood supply generally partially or completely cures

the disease or leads to cessation or slowing down of the progression of the condition.
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Glaucoma. This disease consists of progressive death of optic nerve fibers
associated with ischemia of the optic nerve head. A treatment leading to
restoration of the optic nerve head vasculature generally arrests the disease
process and restores some of the function of the optic nerve (at least in
those optic nerve fibers whose cell bodies have not yet died, in spite of
their axons being compromised at the nerve head). In an embodiment of
the present invention, injecting EPCs into the optic nerve head and/or
around it generally effects the desired vasculature induction. (See the

above-mentioned article by Flammera J et al.)

Age-related macular degeneration. This disease is associated with

‘circulatory” disturbances in the ‘chotoid, the blood vessel tissue supplying

the outer layers of the retina with its metabolic requirements. These
disturbances compromise the retina, leading to its progressive death with
consequent reduction in visual fanctions. In an embodiment of the present
invention, injecting EPCs into the choroid generally arrests the disease

process and prevents blindness. (See the above-mentioned article by
Zarbin MA)

Diabetic retinopathy. This disease is a small vessel disease that leads to
local ischemia in the retina and therefore edema impairing vision.
Although neovascularization oceurs, it occurs as a result of ischemia, and
it occurs in the region most important to accurate vision — the macula,
thereby impairing vision. In an embodiment of the present invention,
confrolled induction of blood vessel growth by administration of EPCs to
regions adjacent fo, but not in, the macula reduces or eliminates vessel
growth and edema formation in the macular area. This EPC-induced
confrofled induction of blood vessel growth typically supplies sufficient
blood to the retina to obviate the retina's need to vascularize the macular
area. (See the above-referenced article by Frank RN, and the above-
referenced article by Singleton JR et al.)

Diabetic nephropathy. This disease involves atherosclerotic blockage of
the kidney’s blood vessels and destruction of the blood-filtering structures
of the kidneys and thus kidney failure, which necessitates dialysis. In an
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embodiment of the present invention, induction of replacement vessels by
injecting EPCs into the kidneys amests the process. (See the above-
referenced article by Bahlmann FH et al. (2004))

¢ Nonp-union of bones. This occurrence afier frauma and surgery usually
results from insufficient blood supply in the fracture/surgical incision area
of the affected bone. In an embodiment of the present invention, local
application of EPCs to the fracture/surgical incision area of affected bone

restores vascularization and enables healing of the lesion.

s Chronic skin ulcers. These lesions are a result of compromised blood
supply to the relevant area of the skin. In an embodiment of the present
invention, local application of EPCs to chronic skin ulcers restores the

blood supply and generally leads to healing of the wound.

¢ Vascular dementia, post stroke. This condition results from progressive
irreversible closure of blood vessels in the brain, In an embodiment of the
present invention, supplying the brain with EPCs restores at least a portion
of the compromised circulation and thus restores brain function and/or

slows down deterioration of brain function.

e Diabetic vasculopathy. This progressive occlusion of small vessels in the
extremities is a common cause for surgical amputations. In an
embodiment of the present invention, such amputations are prevented by

restoring circulation in the affected limbs by local injection of EPCs.

Like all transplants, skin grafts depend on blood supply for survival (see, for
example, the above-mentioned book edited by Greenfield, and the above-mentioned
article by Kouwenhoven EA et al.). Both free grafts and skin flaps can fail because of
inadequate vascularization. Free grafts require adequale vascularization in the bed, and
flaps need the continuation of their own blood supply until local anastomoses can be
established (see, for example, the above-mentioned articles by Browne EZ et al., Chen et

al., and Beatrice et al.). This is also true for transplants made of artificial skin (see, for

example, the above-mentioned articie by Ferretti et al). In these cases, good

vascularization is a precondition for optimal reinnervation of the graft.
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1.42 20% P val ue 0.02 In an enbodi ment, EPCs produced by any of the
techni ques recited in any of the clains hereinbelow are adm nistered to a
human or ani mal . In an enbodi ment, EPCs produced by any of the
techni ques recited in any of the 10 cl ai ns herei nbelow are used in the
treatment of a vessel and/or heart disorder, or to treat aging, or to treat
a systemc disorder, or to treat a nulti-systemdisorder. For sone
applications, techniques described herein are applied to aninmal tissue It

will be appr ecix@h%ﬂlb@dim&ﬁtro%%%re%&t'iﬁw%ﬂtidn[‘vésﬂﬁaﬂaﬁoﬁi@@idu&éﬁ!ﬂ)yﬁs&&ﬁ%ng bed
an escri pe

invention js not limted tg wh has been parti.cul arly shown
her ei nabo&t‘.Il havth B s 1§“@c§%@' ot gassplaezaten igFﬂFé%lﬁ’i BEEHEIRfdes bot h

conbi nat i eislitatdl oSAaL galish@iviD Bor 0bmé Bghlivalohe uss Featseddas; Wamtfe hed
her ei nabove

.as |1, as.yariations and, nodifications.thereof that are not "
e The- pr e B fomSgtion Rtk PR R GRSl BTSRRIl DR upan
readi ng t hdofean@goned@ridasrSchdchnnd et al CluMabBmutandis. 1. A method for use with
extracted bl ood, conprising: applying blood to a first gradient suitable
for 5 sel ecti nip dnienbbdipasisoidisl dreseitdwventorn vabenigiizaliod Bssiutdrbhy stediny g/ nil;
applying t I - radi ent suj for. selecting
cobond. pach ik EARERE, BP0 8.kl BB EAE G A E S AR 0
10i ncr easigagerllydelpe rdstore microgigdulagion dnvhepatiaciehlsntt.y bet ween 1. 055 and 1. 074
g/mL by culturing the second-pass cells for a period |asting between 1 and
30 days in a cliittrhe netedithatiheandivatiophdeseihed derempirwe atpemrlisesgaiblse vBd from t he
gr oup QENSHS tHeRJelit usAUSOERGOUS, SREUMho s & BhresddFm@Rfonl 2uaEParin, to
provide a cultured cell population enriched in hematopoletic progenitor
cel I s and qondifienst incwhigh Blepde pigedasieni ial copweyaipadt e Eetqds by pprgpriate
application of EPCs to locations which have insufficient or no blood vessels.
It is also noted that techniques described herein with respect to increasing stem
cell populations prior to adminisiration to heart patients may also be adapted for use with

15  patients having any of the conditions described hereinabove.

An embodiment of the present invention comprises practicing a jechnique
described in one or both of the following provisional patent applications (optionally in

combination with a technique described herein):

(a) US Provisional Patent Application 60/576,266, filed June 1, 2004, entitled,

20 "In vitro techniques for use with stem cells,” and

(b) US Provisional Patent Application 60/588,520, filed July 15, 2004, entitled,

"Indications for stem cell use.”

Both of these applications are assigned to the assignee of the present patent

application, and are incorporated herein by reference.

25 Safety and efficacy of EPCs enriched ﬁom first-pass cells were evaluated in an
ongoing clinical study. These experiments were conducted with patients’ autologous
blood, using the protocol described hereinabove.

Sixteen patients on maximal drug therapy suffering from severe angina pectoris
have been enrolied in the clinical trial that was initiated by TheraVitae and performed in

30  accordance with an embodiment of the present invention. The patients are followed for

up to 6 months, as is normally done in cardiovascular clinical frials. Each patient
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2. The nethod according to claim1 further conprising 20 identifying the
EPCs in the cultured cell population. 3. The nethod according to claim!]
wherein the second-pass cells are cultured for a period | asting betwen 3
and 30 days. 25 4. The nethod according to claim11l, wherein the first
gradi ent conprises a solution including a copolyner of sucrose and

epi chl orohydrin. 30 5. The nethod according to claim1l, wherein the second
gradi ent conprises an aqueous sol ution of iodixanol. 6.The nethod

accor di NG dofstiltédi H1/er oWh 85:R0N wlith Post SN OLARHEBeiHUTRhEE e sleadual
density solution includin onV|ny%ﬁégrolldone-coated silica colloids. 5

7. The net HEAMEELTIES: fe0E 89 @? Fshifs1of g festapmpaticats that byve deardielaeddonpri ses a

Fi cg! -1 ke 1&@@&&&%@% m%lriém%taﬁ@elaﬁ? g_r ot BeOerfibadird lihatMRE k&Iulls t he second
gradi ent Cp?:e[,ggxgtlecf ggfeih %re n%g go?npléte ;mdea gl%u,clgheeg}aiysis of the data will be performed

5  oncompletion of the clinical trial.

Safety — The treatment shows a high safety profile. A limited number of patients
developf.;,d minor adverse events which were defined as possibly related to the therapy
(elevated erythrocyte sedimentation rate, chest pain during angiography). These findings
disappeared after a short period without affecting the patient's clinical condition,

10 Efficacy (see table 1, 2 and 3) — The general clinical condition of all of the
patients improved, as shown by the improvement in the Capadian Cardiovascular
Society Grading Scale for Angina Pectoris (CCS), showing better capacity to exercise.
Al patients improved their walking ability free of cardiac sympioms. This finding is also
supported by the increase in estimated workload, an objective assessment of exercise

15  capacity done by sestamibi scan, Both results show high statistical significance.

Table 1. Patient clinical improvement as demonstrated by the Canadian

Cardiovascular Society Grading Scale for Angina Pectoris (CCS).

, Mean value Mean percent
Mean value before | after treatment |  improvement
freatment
CCS score 1.92 1. 00 52%
P value 0.0029

20
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Table II: Patient clinical improvement at 3 months, as demonstrated by 6-minute waik
test

Absolute Values Percent
Total number of patients that improved 10 100%
Improvement - average (meters) 84 25%
P value 0.0003

Table I1I: Patient improvement at 3 months, as demonstrated by the estimated workload
{METs)

Absoluie Values Percent
Number of patients that improved 7 78%
Improvement - average 1.42 20%
P value 0.02

In an embodiment, EPCs produced by any of the techniques recited in any of the

claims hereinbelow are administered to a human or animal,

In an embodiment, EPCs produced by any of the techniques recited in any of the
claims hereinbelow are used in the treatment of a vessel and/or heart disorder, or to treat

aging, or to treat a systemic disorder, or to treat a multi-system disorder.
For some applications, techniques described herein are applied to animal tissue.

It will be appreciated by persons skilled in the art that the present invention is not
limited to what has been particularly shown and described hereinabove. Rather, the
scope of the present invention includes both combinations and subcombinations of the
various features described hereinabove, as well as variations and modifications thereof
that are not in the prior art, which would occur to persons skilled in the art upon reading

the foregoing description.

69



10

15

20

25

30

CLAIMS

1. A method for use with extracted blood, comprising:

applying blood to a first gradient suitable for
selecting first-pass cells having a density less than 1.077
g/mk;

applying the first-pass cells to a second gradient
suitable for selecting second-pass cells having a density
between 1.055 and 1.074 g/ml;

increasing the nﬁmber of cells having a density between
1.055 and 1.074 g/ml by culturing the second-pass cells for
a perioq lasting betweén 1 and 30 days in a culture medium
comprising one or more agents selected from the group
consisting of: autologous serum, VEGF, b-FGF, IGF. and
heparin; to provide a cultured cell population. enriched in
hematopoietic progenitor cells and in particular in

endothelial‘progenitor cells (EPCs).

2. The method according to claim 1 further comprising

identifying the EPCs in the cultured cell population.

3. The method according to clalm 1 wherein the second-pass
cells are cultured for a period lasting between 3 and 30

days.
4. The method according to claim 1, wherein the first
gradient comprises a solution including a copolymer of

sucrose and epichlorohydrin,

5. The method according to claim 1, wherein the second

gradient comprises an aqueous solution of iodixanol.
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6. The method according to claim 1, wherein
gradient comprises a gradual density solution

polyvinylpyrrolidone-coated silica colloids.

7. The method according to claim 1, wherein

gradient comprises a Ficoll-like gradient.

8. The method according to claim 1, wherein

gradient comprises.a Percoll-like gradient.
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