IN VI TRO TECHNI QUES FOR USE W TH STEM CELLS CROSS- REFERENCES TO RELATED
APPLI CATIONS The present application clainms priority from (a) US
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The present invention relates generally to methods and apparatus for treatment of

human patients suffering from vascular disorders, and specifically to methods and

apparatus for facilitating angiogenesis and/or neovascularization and/or vasculogenesis.

BACKGROUND OF THE INVENTION

15 Some arterial dysfunction occurs due to narrowing of the arteries by fatty
deposits or other vascular abnormalitics. This may interfere with blood flow and/or

prevent tissues and organs from being supplied with sufficient nutrients and oxygen.

Vascular disorders are common conditions and can severely 'compromise a

patient's quality of life. Despite considerable advances in medical therapy and

20 improvements in revascularization procedures for artery dysfunction, such as coronary
artery graft, balloon angioplasty and stenting of the coronary vessels, a substantial

proportién of patients suffer from artery dysfunction-derived disease.

Endothelial progenitor cells (EPCs) ‘have been used to treat patients suffering
from vascular diseases. In such severe cases, when drugs or direct revascularization
25  procedures are not effective anymore, or cannot be used, alternative therapies are

required. EPCs have been applied to ischemiic tissue. EPCs have the ability to



t he healing process include self-repopulation, fusion with cells of the
injured tissue and 5 secretion of cytokines and growh factors.

Repopul ation of EPCs and their differentiation into mature endotheli al
cells enables their functions in re-en.do- thelialization,

neovascul ari zati on, vascul ogenesi s and angi ogenesi s processes. Recent

evi dence suggests that fusion of EPCs with cells of injured tissue enhances
tissue function regeneration. Mreover, follow ng secretion of cytokines
and growt h factors, 10 EPCs can influence cellular survival of cells
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called vasculogenesis. This primitive vasculature is subsequently refined into a
20 functional network by angiogencsis and by remodeling and arteriogenesis of newly
formed vessels. EPCs have been shown to mobilize (i.e., migrate in increased numbers
from the bone marrow (BM) into the circulation) in patients with vascular trauma or
Acute Myocardial Inferction (AMI) (See, for example, the following two articles which-
are incorporated herein by reference: (a) Gill, M., S. Dias, et al. (2001), "Vascular .
25  trauma induces rapid but transient mobilization of VEGFR2(+)AC133(+) endothelial
precursor cells,” Circ Res 88(2): 167-74; and (b) Shintani, S., T. Murohara, et al
(2001), "Mobilization of endothelial progenitor cells in patients with acute myocardial
infarction," Circulation 103(23): 2776-9.) In general, the use of EPCs aims to promote
the formation of natural bypasses within the ischemic or scarred tissue and thus alleviate

30  the clinical condition of these patients.



synptons, as nmanifested by a patient's inprovenent in physical functioning.
Various sources for autologous EPCs for transplantation have been
described, 5 including stein cells aspirated directly fromthe bone narrow
(BM, and BMderived peripheral blood stein cells. Progenitor cells, or
stemcells, include bone marrow cells that can multiply, mgrate and
differentiate into a wide variety of cell types. Bone marrow hemat opoi etic
stemcells are characterized as being "CD34 positive" (CD34+), i.e.,
expressing the 10 CD34 marker. It is assunmed that the plasticity of
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cells express CD133 (A6 , Which is not expressed after differentiation.
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scar. Nevertheless, the procedure is invasive and must be done under anesthesia,

The first evidence indicating the presence of EPCs in the adult circulation was

obtained when mononuclear blood cells from healthy myman volumteers were shown to

20 acquire an endothelial cell-like phenotype in vitro and to incorporate into capillaries in

vivo. (See Asahara, T., T, Murohara, et "ll (1997}, "Isolation of pulative progenitor

endothelial cells for angiogenesis,” Science 275(5302): 964-7, which is incorporated

herein by reference.) These putative EPCs were characterized via expression of CD34

and vascular endothelial growth factor receptor-2 (VEGFR-2/KDR), two antigens shared

25 by embryonic endothelial progenitors, and hematopoietic stem cells (HSCs). In addition

to CD34, early hematopoietic progenitor cells express CD133 (AC133), which is not

expressed after differentiation. Cusrently, the widely accepted definition of EPCs in
circulation is, for practical purposes, CD34-+/VEGFR-2+ or CD133+/VEGFR-2+ cells.

Peripheral biocod EPCs can be obtained from blood of untreated patients or from

30  patients treated in order to augment EPC muobilization using cytokines such as.

granalocyte-colony  stimulating factor (G-CSF), granulocyte monocyle colony-



stimulating factor (Gw CSF), vascul ar endothelial growh factor (VEGF), and
fibroblast growth factor (FGF). The nobilization treatnments are typically
avoided in patients who suffer from hematol ogical and arterial derived

di sorders. Treatnments such as HMG CoA reductase inhibitors (statins) have
al so been reported to el evate nunbers of EPCs in 5 circulation. See, for
exanple: 1. Dimmeler S., et al. (2001), "HMG CoA reductase inhibitors
(statins) increase endothelial progenitor cells via the Pl: 3-kinase/ Akt
pathway," J. din. Invest. 108: 391-397. 2. Hyun-Jae, Hyo-Soo Kim et al.
(2003), " Ef ftwataing facion{ Pece¥onwpeplar shdedictinl sravgh dictop €Y EGRe padl litypldod
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is incorporg(}geg9 h;fadrei'n by reference. 20 The procedure for renoving
peri pher al (o] d1 4" si npl er and nore convenient for the patient than BM
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i schen & modéPGARMGHE). niigalation 106: 3009-3017.
4, Alexandra Aicher, Winfreid Brenner, et al, (2003), "Assessment of the
tissue disiribution of transplanted human endothelial progenitor cells by radioactive

labeling," Circulation 107: 2134-2139.
Each of these articles is incorporated herein by reference.

20 The procedure for removing peripheral blood is simpler and more convenient for
 the patient than BM removal, The fact that EPCs can be isolated from peripheral blood
is an additional important factor in the choice of using these cells for therapy. The
isolation of progenitor cells from BM, which contains many more cell types, is

technically more chalienging, as well,

25 Results from EPC and BMC treatments show improved cardiac function, greater
capiltary density, marked increase in number of collateral vessels, improvement of
echocardiographic left ventricular ejection fraction, decrease in ischemic area scarring
and prevention of cardiomyocyie apoptosis in rat moedels of myocardial infarction.
Furthesmore, improved blood flow and capillary density and reduced rate of limb loss in

30  hindlimb was shown in an ischemia mode} in nude mice.



4 The followi ng articles, which are incorporated herein by reference,
descri be techniques which may be used in conbination with techni ques
descri bed herein: (1) Kalka, C., H Masuda, et al. (2000). "Vascul ar
endothelial growmh factor(165) gene transfer augnments circulating

endot helial progenitor cells in human 5 subjects.” Cre Res 86(12):
1198-202. (2) Kawanpoto, A, H C GOGmn, et al. (2001). "Therapeutic
potential of ex vivo expanded endothelial progenitor cells for nyocardi al
ischema.” Crculation 103(5): 634- 7. (3) Kawanoto, A., T. Tkebuchava, "et
al . (2003). "I nthhanfyliangiadicies, 19hith ares pleapbmateil drreaf bautiolicogousscehdot hel i a

pr ogeni tor _ . T l.arl.zat. K ardi al
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104(9) : 1P46qubRets ( Dhre KRENRID): AogHo2. M D. Schuster, et al. (2001). _
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i mproves cardi ac,fupctj.qn.” Nat ~7(4):. 430-6. .20 The follaowng articles
ot book oHABTERd SR aeeR s eth earperdebirReperbiior BRCTEEE
descri be terhni ques which may be used in conbination with techni ques

described herein: Flanmmera J et al. (2002). "The inpact of ocul ar bl ood
flow in gl aucond3)' KeRemgwess, iT Rikimahavandt Ble ReMSar cHn2im@soedgd3. 25
Zar bi n ( L Curren ' pts.i.n.the pat enesi s - of - ated
racul ar 0 acBanabaiey o b RORER ol sBRIRECREE, § K BBAR 100,
"Di abetic rmovisogatagod ofiisErgfliallisdiediadZ0rcaBL&8] 07S)riflleét on JR (2003).

"M crovascul ar conipl ications of inpaired glucose tolerance." D abetes
52: 2867- 2873. (4) Kamihata, H., H. Matsubara, et al. (2001). "Implantation of bone marrow

mononuclear cells into ischemic myocardium enhances collateral perfusion and regional
fonetion via side supply of angioblasts, angiogenic ligands, and cytokines.” Circulation
15 104(9) 1046-52.

(5) Kocher, A. A, M. D. Schuster, et al. (2001). "Neovascularization of
ischemic myocardiom by human bone-marrow-derived angioblasts prevents
cardiomyocyte apoptosis, reduces remodeling and improves cardiac function." Nat Med
7{4): 430-6. '

20 The following articles and book chapter, which are also incorporated herein by
reference, describe techniques which may be used in combination with techniques

described herein:

Flammera J et al. (2002). "The impact of ocular blood flow in glaucoma.”
Progress in Retinal and Eye Research 21:359-393.

25 | Zarbin MA (2004). "Current concepts in the pathogenesis of age-related macular
degeneration.”" Arch Ophthalmol. 122(4):598-614.

Frank RN (2004). "Diabetic retinopathy.” N Engl T Med 350:48-58.

Singleton JR (2003). "Microvascular complications of impaired glucose
tolerance.” Diabetes 52:2867-2873.



S Bahl mann FI1 et. (2004). "Erythropoietin regul ates endothelial progenitor
cells.” Blood 103(3):921-6. Geenfield, Ed. (2001). "Surgery: scientific
princi ples and practice." Lippincot: Philadelphia, chapter 107. 5
Kouwenhoven EA et al. (2000). "Etiology and pat hophysi ol ogy of chronic
transpl ant dysfunction.” Transplant Internat. 13(6):385-401. Browne EZ et
al. (1986). "Conplications of skin grafts and pedicle flaps.”" Hand din.
2:353-9. Chen et al. (1991). "Four types of venous flaps for wound
coverage: a clinical 10 appraisal.” J. Trauma 31(9):1286-93. Beatrice et
al . (2004) Der neltabimangithet. GOP8) "EagQIOPFemTJ@Emlafef’eftndaﬂheliﬂé pEggytor coligi ogenesi s
and nerve regeRepati.®n.dn a nodel of human skin equivalent transplant.

Life Sci. 73:1985-94. Schechner et al. (2003). "Engraftnent of a
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Perin et al gay4d,ef out a clinical trial which included 21 patients (14 in
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Dohmann, et al. 03), ransendocar di al", "aut ol ogous bone narrow cel |
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107(18): 2294- 302 which is incorporated herein by reference:) At 4
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Schechner et al. (2003). "Engraftiment of a vascularized human skin equivalent.”
15 FASEBJ. 17(15):2250-60.

Research has been carried out in humans during the last few years to examine the
potential benefits of using EPCs and other bone marrow derived cells to treat myocardial
disorders. Recent studies demonstrate that implantation of auiologous 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 efﬁcacy of bone

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

Perin et al. carried out a clinical frial which included 21 patients (14 in the
freatment’ group, 7 in the control group) who received transendocai‘dial injections of
autologous mononuclear BMCs. (See Perin, E. C., H. F. Dohmann, et al. (2003),

25 "Transendocardial, autologous bone marrow cell transpiantation. 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.



6 Anot her group injected autol ogous EPCs into the infarct border zone in
six patients who had suffered fromnyocardial infarction and undergone
coronary artery bypass grafting. Three to nine nonths after surgery, al
patients were alive and well, and global left-ventricular function was
enhanced in four patients. Al six patients reported a 5 notable

i nprovenent in exercise capacity. Mocardial perfusion scans were reported
to have inproved strikingly by qualitative analysis in five of six
patients. The results of this study indicate that inplantation of EPCs to
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a significant increase in global left Vcntnculm ejection fraction, echocardiography

20 revealed improved regional wall motion in the infarct zone, reduced end-systolic left
ventricular volumes, and increased myocardial viability in the infarct zone compared

with a nonrandomized, matched reference group. There were no adverse cvents 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
' coronaljf vessels with BM derived EPCs. At one-, three- and six-month follow-up, the
gjection fraction rates for the stem cell patients were significantly improved compared to
the other patients. (See Abstract from American Association for Thoracic Surgery,

30  Toronto, May 2004).

The following articles, which are incorporated herein by reference, may also be
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prol i f er at PenivalUgfReentatton5uB4n¢i08: Etmth&amdeete afla memdam@tﬁb lisk bameampor at ed

herein by Eﬁfc&ﬁ;},@é‘ I% ein 51‘51 Cgl% gécggtsdigg (?ncu?at CQ %9{19%5 7t reatments for

patients sufferin romcer aln. er to facilitate
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progenitor cells is describ wherel'n CD341: |'s are enric and
cul ti vaf edicppgrated herein by reference, generally describe pharmaceutical products mt,ludmg

EC progenitors for use in methods for regulating angiogenesis, i.c., for enhancing or
inhibiting blood vessel formation, in a selected patient and in some preferred
embodiments for targeting an angiogenesis modulator to specific locations. For example,
the EC progenitors can be used to cnhance angiogenesis or to deliver an angiogenesis
20 modulator, e.g., anti- or pro-angiogenic agents, respectively to sites of pathologic or
utilitarian angiogenesis. Additionally, in another embodiment, EC progenitors can be
used fo induce re-endothelialization of an injured biood' vessel, and thus reduce

restenosis by indirectly inhibiting smooth muscle cell proliferation.

US Patent 5,541,103 to Kanz et al., which is incorporated herein by reference,

25 describes high-dose chemotherapy {reatments for patients suffering from certain. types of
cancer. In 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 IL-1, IL-3, IL-6, BPO and SCF. The ex vivo expanded peripheral

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

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

herein by reference, describes a method for treating a disorder of a subject's heart
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medi um conprising IL-1, IL-3, IL-6, EPO and SCF. The ex vivo expanded

peri pheral blood progenitor cells can be adm nistered to cancer patients
after chenotherapy. 30 US Patent Application Publication 2003/0199464 to
Itescu, which is incorporated herein by reference, describes a nethod for
treating a disorder of a subject's heart 11 involving |oss of

cardi onryocytes. The nethod includes adm nistering to the subject an
anount of an agent described as being effective to cause cardi onyocyte
proliferation wthin the subject's heart so as to thereby treat the
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antibody into the subject in order to nobilize, 25 e do{ % ab Qrogenl tor
cells. attract endothelial cell precursors to the ischemic tissue. A method is also described

stimulating vasculogenesis or angiogenesis of myocardial infarct damaged tissue in a

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

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

infaret comprising any of the instant methods. A method is also described for improving

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

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

25  endothehial progenitor cells.

US Patent 5,199,942 to Gillis, describes a method for autologous hematopoietic
cell transplantation of patients receiving cytoreductive therapy, inclading: (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 vivo growth factor selected from the group consisting of interleukin-3 (IL—B).,
steel factor '(SF), gragulocyte macrophage-colony stimulating factor (GM-CSF),
interleukin-1 (IL-1), GM-CSF/AL-3 fusion proteins and combinations thereof, to provide
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US Patent 5,199,942 to Gllis, describes a nethod for autol ogous
hemat opoi etic cell transplantation of patients receiving cytoreductive

t herapy, including: (1) obtaining henmatopoietic progenitor cells from bone
marrow or peripheral blood froma patient prior to cytoreductive therapy;
(2) expanding the hematopoietic progenitor cells ex vivo 30 with an ex vivo
grow h factor selected fromthe group consisting of interleukin-3 (IL-3),
steel factor (SF), granul ocyte macrophage-col ony stinmulating factor
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adhere to uheukokiem@d atifficdiuilve SNE THEEETr, (BY PP EAI8SIng fd Hflagdnerile air
streamand is renoved in the |aninar flow hood exhaust, and the

ul t r avi ol ef™™F} yArengfsiiplsed Fdtlamipar fe fped iﬂ@‘”@“ﬁ‘l i BgErle 8 SEEM Bden fibrils

i s stenbl euhfdiolct ﬂgﬂylﬁ@ﬁbﬂlb%@rﬂ@ﬁ%@hmm Qf tht b¥idAg of Bl dish, THiewarat hod is
descri bed as yi el conveni ent. precoated cel | rommgﬁglate ich can

mai ntain r 8‘&@8??%%‘@ H@‘F‘? 2y it i SEHOKEPE BB eRS F9¥e®f t hout any
si gni fi canthedgesv@Ageighiene@bd (her OMFRUISLPPST tayer PF 0fIREE BiSils is sterile and

ready for the inoculation of living cells. The method is described as yielding a
convenicnt 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 composition containing

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

25  microporous fibers is coated with a composition containing about 5 - 1000 ug/ml of
poly-D-lysine in an 0.005 - 0.5 M citrate or sulfate sait solution, in order to provide

- about 50 - 500 ul of the composition per cm?2 of substrate. The coated substrate is rinsed

to Temove 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.

13



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
conposition containing a cell adhesion pronoter, in a salt solution. A
substrate such as plastic, glass or 25 mcroporous fibers is coated with a
conposition containing about 5 - 1000 ug/m of poly-D-lysine in an 0.005 -
0.5 Mcitrate or sulfate salt solution, in order to provide about 50 - 500
ul of the conposition per en2 of substrate. The coated substrate is rinsed
to renove extraneous materials, and dried to obtain a coated substrate

havi ng i ncreaseds shal fo,dsbfig andepnk skmbi i tatorpdhedceatiedyskhsdntgt e may be

sterilized by rinsing with a 30 sterjlizin nedlunlsu h as ethanol. 13 US
Patent 6. 0FGRTAS Reheds SR e SoiliiGR SohaLBa HENERRE B EF Pence.
descri bes niedhodsranchidimiRlid akBcck olich Refof @agipiel pdlysemendtissay plates.

hi gh- protei n-binding capability on tissue culture-treated plastic
surfaces, such HS,Pdar 40Pl ¢ (pbhy sthitiere imepagptcp| mtas by USicRatent

4,450, 231 t ted her fenen
descri bés ggsc%n%%aﬁgmmba%% o 58&9‘“81 of% of "4 S Erﬁlﬁ 2111%?{0 f elﬂl?ﬁ(gl%guéwdet erm ne

i Mrune  complpiRes. Ameﬁc@ﬂ mttsqx bedlwhich ingbdesyrbdising g la pthese psodlaveig on a

pl astic ba r "ﬁ%g j ich wll
adhere to ?E€§8F§%§P%ﬁ fase an Cﬁ%§&$ﬁgﬁ%§gg emﬂgﬂm;ﬂ%ﬁ&%@%&%ﬂﬁéﬂ%ﬂnun

conpl exes 6fpabiey efpdedbinn inplmciongleacsyiabd spevimom pidving o spyemeranrither eat i ng
the | ayer gePLadieai@Nukntidah ﬁ@d&@ atnhg_\d?cgi%ﬁngf He LABUAC LA GQITI exes.

The poI& may be Polyet ene gg xtran, polyvinyl rorlde a

pol ynerlPc' gompleresofhapolageruwey ¢ pp ey Blaved @exretn | ROlyAIngH G‘d@@de flor use in
such an  ags@hediSpyhll Alg ':Ia@l}@t g pW?zlzthﬁmﬂr glfkol. egt pﬁ)&m? erQfsénﬁgs&L Al astic,

pol ystyrene and pal yvi nyl | oridé being preferred, a | ayer of such
non- prote|ﬁﬁé%@d%mmﬁéﬁWWbWﬂECﬁéﬁﬁﬂﬁ@ﬁf@ﬁédoﬁphﬂ@:Méﬁm@ﬁ@ﬂﬂ@ﬁ@Yﬁaﬂlty of the
test tube. Hi5riddShdiatRotn DRIt 6aljPHr é’e}bh&p@uegace%w%@%%ﬁa% boaut ryk et
at., which is incor orated heréin by reference, describes conpositions and
met hods foP‘%W%ﬁﬁ@iWﬁcﬁmyﬁﬁﬁFEﬁﬂwHEV|ce such as a stent, a scent graft, a

synt heti c vasc r af t rt valy ich re coated with a

bi oconpati bl e HW%PBIPFaP%g}?‘fJHP%%%&@FﬂZr%&tas[ Ut ‘?tb%d))‘h“fhr dgment's, or
smal | nol emb@srawdmeﬁam b;efa&gmcz,eiesdmbeﬁcd:@oaﬂsusoina lrﬂmt}e;ﬁacdr médubing apr ogeni t or
gg\“cglel :sl-ﬁrgieg 5§T Fgltéclz gmﬁag as a s en a%ltclni gr%‘fl,tal‘]s(:"ynt ctlc vascu ar %}J (];a?tcv%lv%g the

which are coated with a biocompatible matrix whick incorporates antibodies, antibody
fragments, or small mofecules, which recognize, bind 1o and/or interact with a progenitor
20 cell surface antigen fo immobilize the cells at the surface of the device. The coating on
the device can also contain a compound or growth factor for promoting the brogenitor
endothelial cell to accelerate adherence, growth and differentiation of the bound cells
into mature and functiona} endothelial cells on the surface of the device to prevent
intimal hyperplasia. Methods for preparing such medical devices, compositions, and
25  nethods 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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t he device can also contain a conmpound or growth factor for pronoting the
progenitor endothelial cell to accel erate adherence, growh and
differentiation of the bound cells into mature and functional endotheli al
cells on the surface of the device to prevent intimal hyperplasia. Methods
for preparing such nedical devices, conpositions, and 25 nethods for
treating a mammal with vascul ar di sease such as restenosis, atherosclerosis
or other types of vessel obstructions are described. SUMVARY OF THE

| NVENTI ON The present patent application details nmethods for isolation,
differentiam@bwiaﬁddméﬁpgnﬁkmmmmdeﬂﬁﬁhﬁmﬁﬁk@&x&ﬁ@mvawmgﬁgaﬁmsE@vmexanple,

the stemc e heI| progeni t or
Al t ernati vg\lkéil‘é%cgﬁ}ééé logl gﬁ% ]imscnf%aqcn% PRI ko mﬁ% Pl coﬁ?tﬁ%abt%nmgpher al

bl ood. Typm@dhﬁymn@heksﬁeumnmehmsmaﬁ@fﬁmmﬁ&plEHCedThmMmﬂmheddmﬂMﬁ or into
14 anot her &ﬂgRV| 1 ance vasc enesi s_and/ or
anglogenesfs and/gfghﬂggegggﬁlgpgzgfpg&%ﬂm¥h mnﬁe%%%?%%)ggﬁyngp i cation
provi des prigffesragitionf SrERSst ini oultvrg for 1-p0 detwdbr @8Ataidnisng Appriofaysiaine number s

of functi onglchElHnre &%aﬂﬁ%ﬂ%?( %ﬁﬁﬂcgﬁ%b3f‘c£ﬁﬁlla‘%%‘8n $fbhes Ei(}t.ah g%ﬂré?” of

cel lul ar sub-popul ations froma tissue; expansion an €rentiation
of EPCs i n (@dmplaptatigngit apprapyiagaspsbene! ERL3duton patients 1t ig fo be, understBodihgts) i n

enriched c Wlﬁei‘éﬁseso%dén%llmﬁﬁgl Rherfbed hérgﬁ Nhikd i E&%ﬂcgﬂr f Elg@sj #eﬁllls:a%:[ pGgmponent s

of the culture; (d) inplantation of appropr into a
patient. | ©lded. {1 senpe of desr sewadinyeniien inghdes teshniowe f@nﬁ@dﬁlﬁm&fﬂl@ Cdéscrl bed

her ei n el @E@veﬁ@a@ﬁﬂeﬂc\}aﬁé‘{l}flof'bétﬂu@:%?nﬂ%rrf!sVzﬁgmfhgom bl ood, the scope of the
present invention includes téchniques for use with stern cells 10 derived

froma variety B sb@é)épﬁlic&ﬁdiz@sﬁle etho @ biSpritdd @cﬂgbtﬁlg FQboSANRIAPR) .cat i ons,-
t he net hod corrpré{ses col ec a bl ood sanple from donor and/ or a

patient, | SOIACPHE # PETFE HE? H og! %‘BPF’B‘]’%%P&WP}‘B’%B}&O gitvElcatelitel | s,

separ at i ng s@amﬂmaldi p:ﬁpum:‘iomﬁf @ﬂi tien mlcmu ﬁd%eﬂ;tor a0d fprogeMoh@iuciegl | s from

t he m)nonucl1 @-«rw' fracttg1 ﬁ%} gagse cel | gnder condi tions
that will C&USE ’P%é’nﬂ&%"f%p Picel M%B sttt Ve puse ﬁ‘F SHHPPYFCt he

m xt ur d5of pegkldier tais gidkde tetht Itrﬂit&relolﬂbcﬂls EPGstcanghtpihel BfGrat grolifeffie.s ex vivo
expansi on plst |caII utiliz e the nunher PCs .in the
circul ati oﬁhgsex p@nsi% %%caﬁgl U?ﬁ’lz%tj e Aty r§?§5 SRS cells may
be i npl ante@ldﬁymrlp getowo . ll%nt d?dﬁbwm@ thesaghintion Kegd ahegeéllsOi’ng?.fhc such as .
the cor OnaErMplanted by injection into blood vessels in the target organ, such as the coromary

vessels or into the myocardium of a patient.

20 There is therefore provided, in accordance with an embodiment of the present
invention, a method for use with extracted blood, inciudiﬁg:
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; 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 fhe blood celis 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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vessels or into the nyocardiumof a patient. 20 There is therefore

provi ded, in accordance with an enbodi nrent of the present invention, a

met hod for use with extracted bl ood, including: applying blood to a first
gradient suitable for selecting first-pass cells having a density |ess
than 1.077 g/m; 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 nunber of cells having a density between
1.055 and 1.068 g/m, by culturing the second-pass cells for a period

| asting bet V\BenIrBal:aﬂﬁbOHDneda)ﬂﬁpIyihgl tienfuetiaedicient the apphy igngichhaclbiisod cel | s
to the flrst i e inc S.a he bl ood ce l.s t di ent

i ncl udi ng &6 Vgl%cr {;ls’t ass’sﬁ@? g%él %Ed éplg%ﬁ#u%ﬁ olha FTh S d'](tzlﬁn Og(I.)O%Dg{l&

Ficol | - Paqu:aclﬂls@tlfﬁMTMNTﬁﬁmsdmmmﬁwseﬁmmwﬁﬁﬁhaNOSM&t)len) or
Lynphoprep (TM (Axis-Shield PoC AS, Gslo, Norway) or obtainable from

anot her sour ce. In g gppodismpsb dbriving ihetifmet—m@?xllwo the seioeh eradinpinelydised by a

t echni cisan agir;&y@gtﬂ% ﬁé@awc@@ t@qngmaﬁmﬁclhﬁ@n%w}wﬂm ﬁané%&at&aas%ﬁcacel ls to

t he second rent includes ap rst-pass cell's to a gradient,
i ncl udi ng #AlleGUBeuS P§@PMTMM%¢61%@.B¢@WMS §h@?@1@§weﬁqno Prep (TM or
Nycodenz (TM (Axis-Shieid PoC AS, Oslo, I n, an enbodi nent,

appl yi ng the fi regre jnlsihereprpyided, iy h‘écoé‘é"éﬁ?nﬁﬂbra&cﬁﬂ&‘?fhﬁieﬁbPﬁ&“éspresgntappl yi ng

the first- H@%ﬁn&ﬁhh@thb@foﬁu@ﬁﬁdicﬁ&betedsﬂ'&z'xHﬁﬁk necl@dgy vi nyl pyrrol i done- coat ed
silica colloids uch as Per (Amer sham Bi osci.e ces gﬁ;l;)sal a,

(0]
Sweden). There & 3?‘&&?%%?‘“5@%\?3&?0“3“? Aells iR 8 Fst iadicht PRl st %ent of t he
prelsentlo [ fﬁtﬁﬁfa$s@@113|lﬁv1ﬂ§h beditf REs tHsel. ?Wftgtfmlext r?_ct ed stemcells, | ng: ud:c ng:
a In t1ssue-1nclu tesemce s.to,.a fir radl ent suttabl e or
1ot S5 e e Bhear ST €St aRa e ot Bl B ReREDE 53 oy
appl! yi ng thﬁsqfdeﬂsﬁiavmgsﬁexme%eswée@ Iaossaﬁd)nd’?a@’/radl ent suitable for sel ecting
second- pass cel a% appl yi ng

I ensi.t 1.055.apd 1. 074
Che Second: pass by ey Ba it dris Yo mititt e diohs Al R sete Rl efots P o pacs
cel | s havi ngilshadiaps déngitpetweean (650bb1 .6t/ 868 g/ m ; and 15 increasing the
nurber igf cel | Sm@xaegslmn hg‘ngrgpei o%%el%e&avmg a d]énmy%egveen } 09? nc%.%S 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/mil

There is also provided, in accordance wifh 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;
25 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
mcubating the second-pass cells on a swface including (e.g., coated Wlth) 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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by culturing the third-pass cells for a period | asting between 3 and 30
days. In an enbodinent, the third gradient is suitable for selecting cells
having a density between 1.059 and 1.068 g/nl, 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/m. There is also provided,
in accordance with an enbodi nent of the present invention, a nethod for
use with extracted bl ood, including: applying blood to a first gradi ent
suitable for selecting first-pass cells having a density less than 1.077
g/ url; 25 appl yppdyinghidodd rost fipagsdies!shisaticofon sdedon drsgpadicdirthasp abl e f or

sel ecting §§&99ﬂ%s&%§§o¥ﬁbh§ havi ng a density between 1.055 and 1.074 g/m ;
and i ncubating the sedondﬁpdss cells on a surface including (e.g., coated

with) plasma asmhorg &n fanprdodls toTherend gradiekdistitabieafol yelpitioy iscboad- i n
accor dance g t.hy ' : t nt,.5.30;invention, a method for
paSs By s%ﬁv@?gg sﬂ?%vﬁe&ﬂd@% a%«%ﬁg‘%’f pé/r&a%, :?qu

use with extracted b I nc ng: ng blood to a first gradient
suitabl & for seineguriing ticaseodamsss edls| & hawifmyg acludensi sypwitegdachhgn 1. 077

glint: appludilddicLi: bhi SinRASe a68his,! 0 a second gradient suitable for
sel ecting second- pass cells having a density between 1.055 and 1.074 g/m ;

and 5 | n'cubat! NG &DemBeGRBH; RRSLEE ths s@BnBpRYLERCRIAG! MG the
gromﬂh-enhan0|€8ﬁén%hecule ot her than collagen or fibronectin.” In an
-tbats

enmbodi ment R 9 o e S¥ECH iRt plaglydesely &ddivpn tude FREinbMRgLt he
second- passnddelileSat @Astans bf: tARGAd MatviA&dydes, in addition to the
grow h-enhanci ng nol ecule, at |east one of: collagen and fibronectin. 10

There 119 yet adthdré Gngdt lagdipsmaiy dadhidell Ninakeatdan ceithwint fnaneabodidrent of the
present inventiaon %ftracﬁgnglood, i ncl udi ng:
|

appl yi ng bﬁgﬁe“F%@g%?ﬂf%?ﬂ%¥%ﬁ#ﬁﬁ?ﬁfﬁﬁ%ﬁﬂ WAGPlEREcting first-pass cells
havi ng a densi dpplsiesidodchiamn flisOgrddigitrshitabipl ydlaging het-bisk stiispaswgeel |s to a
second gra(ag%%legsutihsnapb% gfh%[; sel ecting second-
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; and
culturing the second-pass cells for a period lasting between 1 and 5 days in a
culture medium including up to 5% serum (e.g., no seram, less than 1% serum, 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/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 celis for a period lasting between 1 and 5 days in a

culture medium 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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15 pass cells having a density between 1.055 and 1.074 g/m; and culturing
the second-pass cells for a period |asting between 1 and 5 days in a
culture nmediumincluding up to 5% serum (e.g., no serum less than 1%
serum or between 1 and 5% serun). There is still additionally provided,
in accordance with an enbodi nent of the 20 present invention, a nethod 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/m; applying the first-pass cells to a second gradi ent suitable for
sel ecti ng secondsplyasbloceld s fitvagiatigntasuikdhs ol yelbetgwdien pdss @Bk mmag k. 074 g/ m ;
and 25 cuIt££$$q%£@3n§ﬁgpqnﬂpass cells for a period lasting between 1 and 5
cu

days in a ure nedlun$Panuding greater than or equal to 10% serum 1In

an enbodi nent, @mﬂﬁggﬂmghmh@&sgﬁemdgpa&gig@mbgwmhdﬂmﬂ@$d@umgGMMn@ t he
second- pa Ssgp%gg@vlnga%& %&(w@en”ﬁ&js's‘éﬂai.ﬂﬁ{)%%ﬂ;”g | ess than 20% serum There
vi ded, [

is also pr in~accordance wth an e ment of the present 30
invention, a netiow 4 drw-smemviinnd paiodr addoe Meossdondipsed ordis rig:a atukgppl yi ng

bl ood to azﬁ&ﬁﬁﬁﬁgﬁgggggngMME@ggﬁnnga selecting first-pass cells having a
density less than 1.077 g/m; ‘applying the first-pass cells to a second

gradi ent sui t abFeinot hightsegm Hge Pecwhqultpias she edopigl-pav icdlly ia adewgict y bet ween
1.055 and 1nQifith S6Mhing Bretdf inR0108; kpyg serum time period, culturing the
I

second-pass cells in a culture nmediumincluding |ess than 10% serum and
during a hi gh-sef MMehbiBmBe! bdging WelfdoPadsh@lS 86ARMPASBs£@h Itind N A
culture nediumincluding greater tha #O/bsenunllln an enboginent,

cul turity tHEOSBEBTRES & 2 speondias At ie URReR 8F Rt eer 1 16%%er i od
includes culturing th econd-pass_cells. for duration .of between 1 and 5
days. In an enbSuTHERRCIEG GIPRG PFeoRkRfia PhslRE dShBhr iy e

hi gh- ser umetiseinclpés icoldwing cleltd@ad-@ols bellsiftrg duleios efiendecpassd Beddys. for a
duration of between I and 30 days. In an enbodinment, culturing the
second- pass cel Iisamdembeigmetiecdloviag te waronipess cells during the Jow-serum time

period is performed prior to culturing the second-pass celis 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-serum

time period.

There is further provided, in accordance with an embodiment of the present
20 invention, a method for use with extracted blood, including: '
applying blood to a first gradient snitable for selecting first-pass ceIIsAhaving a
density less than 1.077 g/ml; '
applying the first-pass cells to a second gradient suitable for selecting second-
pass cells ha\}ing a density between 1.055 and 1.074 g/ml;
25 during a hypoxic and/or hypercapnic (II/H) time period lasting at least 2 hours,
culturing the second-pass cells under H/H conditions; and
during a non-H/H time period lasting at least | day, culturing the second-pass

cells under non-FH/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%.

i8



period is perforned prior to culturing the second-pass cells during the

hi gh-serumtinme 15 period. In an enbodi nent, culturing the second-pass
cells during the lowserumtine period is perforned follow ng culturing

t he second-pass cells during the high-serum tinme period. There is further
provi ded, in accordance with an enbodi nrent of the present 20 invention, a
nmet hod for use with extracted bl ood, including: applying blood to a first
gradient suitable for selecting first-pass cells having a density |ess
than 1.077 g/m; applying the first-pass cells to a second gradi ent

sui tabl e for Sel&z%ﬁTeinﬂ&iu%@cﬁQHQH/EDQ:ﬁlSmﬁQH{%mJ%%\éhMa@eﬂﬁ%htmﬂﬂﬁﬁ ween 1. 055
and 1.074 25 during a_hypoxic and/ or hypercapnic %%-I/I-%%gtlne

peri od Ia38WH6 Rptingelgss tn i}, days. apd) cpiiping gthe Hee é@ﬁdc Sdge under

1-1/11 condbddisns incRiBeh dliilingtha sé’t@ﬂd—b‘ysﬁcéﬂsﬁﬁd@ﬁi/ﬂ%nﬂﬁ&ﬂsl ngngth theast 1 day,
cell s under non-FT/1-1 conditions. In the

culturing the, sec ass

cont ext of Y%@Wb?ﬁg%ﬁﬁ 3% WAt P48B1 i cation and in the claims, the term 30
hyper capni a ref rs t e at reater: than 5% 18
In. an gnbodl ne?ﬁ qé g%%amf ﬁﬁ#tﬁgiﬁgggilswnggacuﬁﬁFﬁggeculturlng
tinme per|pduMaEmMggmmEﬁﬂnchﬂmﬁoadayshmagdmeuhMmﬂwm@ bﬁb‘&d@@ﬁmﬂpass cells

tinder H Hco (%ﬂ{bdg cﬁlpgs éuﬂﬁm{%\%@ a*gc%llcti ugr;ss% Is un% SEEP ﬁogldﬁ 35 durfa laslaﬂnder HH

condi tions durin %e caf'tur 5 1n an
enbodlnentrwmﬁﬁsﬁﬁhhaﬁmnm@mn¢b¢mdt|ne periods are mnthln a culturlng tinme
period lasting | ess than 30 d%y and cul turing the second-pass cells under
| -PH conditi on% ah gwbedimentcthe HF ﬂrrdgmpﬁ&%@@m@do@a@%w@p R suliige Huey H

condi tijgns,, Q%MF&QH% e%§%mntﬂpd%%Y%n@ﬂmR&ﬁgcﬁkH%E&Rgmh!B@mpﬁ£%9@¥H|n an
enbodi nent, the non-H'H time-perirods are within a culturing tine

10 peri od p@ﬂtimgiqe@é@s ftwlfazmnga@cdwgd-pre@ﬁael@mnfiﬁrlﬂfﬁgmﬁ@%@e@bﬁ@sﬁéés cells

under H H he@nidiangirkiRgh aggan@yiaat%b Bgs bh@e sa6engiRessikel | s under HH
conditions for at least 2 hours between a first two days and a | ast two

days of the culkugi BgbddibEntPekiAby 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, ¢ulturing 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 cells having a density 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, VEGF, IGF, FGF, 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 thel progesiin-family (e.g.,
progesterone, hydroxyprogesterone caroate, medroxyprogesterone acefate), a statin:(e.g.

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

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

including Rosiglitazone.
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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. . 15 In an enbodi ment, culturing the second-pass cells under
H H conditions is performed follow ng culturing the second-pass cells
under non-H H conditions. There is still further provided, in accordance

with an enbodi nent of the present invention, a nethod for use with
extracted bl ood, including: applying blood to a first gradient suitable for
selecting first-pass cells having a 20 density less than 1.077 g/ ;

applying the finhsh-cRassines 118 st BcROGONL AR Riorsddiatialhe chigkingel ecting
second- pasls cel | s having a%cfens{t%gbet ween 1. 055 and 1.074 /(gi; and
gediy

cul turing NS ERW¥FRE paSseRdcF Luiing g seqpprépis il Actadienge east one
of the foldchMingGimerptihbopereiim, VEGS, |GF, FGF, a nolecule fromthe
estrogen famly (e.g., 25 17-(3-estradiol, estrone, estriol, an estradiol
derivative, esthatdiepibodialesr Airepnembleatdsdont picangte and@sgesaninilies

gui nest col lecule froamthe progestin-famly (e, g. r.ogest erone,
v oxypr oeafeaie atalil Dl Big BRS sulii b Yub s o RGIR T1 (e. o
Si mvast at i mltuAng rieastcatd-pass celisdinan cdntd diedivet includge nit7-{-estrgdipl and/or
Rosiglitazggﬁgﬁm%n_ an enbodi nent, the antidiabetic agent includes

Rosi glitazong, and culturing 30 the second-pass cells includes culturing

the second- pas Shfaﬁ' ehrﬁ)oii%eﬁt, frbt nh) ﬁoi@aﬂés%m {h@%gt’z{%'eﬂ] O Jregi!lﬂ faﬁ&l% e. 19 1In

an enbodi ment, the statin includes Sinvastatin or Atorvastatin, and
cul turing nchée dédonaadelsydaardeseins laudeslnaingtthe svgnd-prss selfondudrass cel |'s
in a cybt up@nmBMitiMecbREhdidicOd B INVAREAMuRr in@ih@i’h% aglpadshioll f4daB
enbodi nent, hornone nol ecul es fromthe estrogen and progestin famlies 5
i ncl ude 17¥RBhggeederrel s afgd picogeyteeriied and cul turing the second- pass
cells includes _cultuyring tﬂe second-pass cells in-a culture_nedi um
i ncluding 17-( SI-né"éltﬂngﬂfl‘H}ema drepe mﬁ%@@&%ﬁ* _é’?t_rqgﬁn é‘f'fl WhESEH FERESs hor mone
mol ecul es fdehid tiNp-aahdicgar RAdstpoagesll ichltfrai the e&ond-pok Ya® ibduda3- est r adi ol
and progesterone, and culturing the secand-pass cells includes. 10
cul turing f‘ﬁ%‘”&%@’&rﬁ‘&‘i"ﬁ “é’%sséélisl‘ 2 P B 1%‘%#‘8%}5’2‘&% Hﬁ?ﬁei’tﬁ@}l%ﬂ%%ﬁ&wmc%
17- ( 3- @st r anBaktrakd id Mided after 2 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 culiuring 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 to 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 placenta,

30 In an embodiment, culturing the second-pass cells includes:
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whi ch progesterone is added after a certain period. In an enbodi nent,

hor none nol ecul es fromthe estrogen and progestin famlies include
17-(3-estradi ol and progesterone, and culturing the second-pass cells
includes culturing the second-pass cells in a culture nmediumincluding
progesterone and to which 15 17-f-estradiol is added after a certain
period. There is yet further provided, in accordance with an enbodi nent of
the present invention, a nethod for use with extracted stein cells,

i ncluding: applying tissue including the stemcells to a first gradi ent
suitabl e for selggiignge sdcbidpaspadn igel drs ddaminegaaindensist yorti@ss thdan 1. 077
g/ m; 20 aggk%jng the first-pass cells to a second gradient suitable for
sel ecting hd- pass cells having a density between 1.055 and 1.074 g/ m;
and i ncreasi ng thevingiathest sofne ofilhb sSechidpangeddis domshd frstretmament he@b® and 1. 068

g/m, by culturing.the second-pass cells for a period |asting between 3
and 30 daygﬂh?ﬁmg%g% (ggFﬁﬁﬁ?gaﬁﬂe net hod i ncl udes extracting the stem
cel | s ffom boneult2hgnhr s seaond eenameeddiodi sneadnd potien ré tieaeribd chaucés

nnbiIizingm&Pgmﬁégglg%%§§mﬁ£gg1bone marrow to facilitate extraction of the
stemcells. Tnan e%bo iment, the method includes extracting the stemcells

from bl ood, umrhil.i : d bl : ] . ¢ f y ata. 30 In
an enbodinenthWESFfﬁ?%ﬁ%%%ﬁgpgg%gﬁgﬁggggqéﬁﬁfgafﬁg%gggg%Fagghcu Puring t he
second- pas &lesing for famogalfcplisshat edhvratio nevriaga of the figst fnfagner.por ti on of t he
period; renoving at |east some of the second-?ass cells fromthe first
contai ner at tH& @Bsebogimentnempying thegg laasigame Pl thacqpad-peg celliiaclsleg ul t uri ng,
in a segongi&ant &l RefovalWElNHatdo S6IGARTe RO iR Binetia@ cifsihed, the cells
removed fromthe first container. In an enbodi ment, renoving the at | east

sonme of the sedend-pdassineel ltse finclatesr istldecbh Aguifae headvwagoed-1 s t hat
adhere to a.surface of the first confainer. Ln N enbodi ment . renovi ng the
Bt east s SHEMGS PR obf o hils EGhEH it kSt TR 2
cells in the first container that includes the growth-enhancing molecule.
In an embodiment, the second container includes on a surface thereof a growth-
15 enhancing molecule, and cuﬁuring the cells in the second container includes culturing

the cells in the second container that includes the growth-enhancing melecule.

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

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

20 o There is therefore provided, in accordance with an embodiment of the present
invention, a method for use with exiracted 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 embodiment, 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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10 selecting for renoval cells that do not adhere to a surface of the first
container. In an enbodi nent, the first container includes on a surface

t hereof a growt h- enhancing nol ecule, and culturing the cells in the first
container includes culturing the cells in the first container that

i ncl udes the growth-enhancing nol ecule. In an enbodi ment, the second

contai ner includes on a surface thereof a growh- 15 enhancing nol ecul e,
and culturing the cells in the second container includes culturing the
cells in the second container that includes the growt h-enhanci ng nol ecul e.
I n an enbodi meni,antdadodirmend hpreyiane firg- Iﬁ'ﬂ,l R0y letht secotd gglieat ihslodest he | st
consi sting can be autolo | | ogenei ¢ or xenogeneic),

col | agen, a@ﬂ%%bﬁgig?h&HthtO%&%P?? F%an ﬂ@gﬁﬁmintibody to a stem cell
surface recept nzegnb-ghg{cgt %L;?F\);lgoe{h%ffﬁ‘;t&)a g (teﬁod) tgé Secon(? aglte%[ahqgl de\é\/l th an

enbodi nent of the use® t1%5ct ed
bl ood, |ncmmﬂﬂmgmbﬁp®P#$n@hb#@gﬂdméd@ﬁﬁymﬁﬁmgmmuﬂwngBmmymbMéumnﬂ sel ecting

first-pass.g@ldssichavicng a density less than 1.077 g/nl; applying the
first-pass cells to a second gradient suitable for selecting second- 25

pass cells haviggy @m%br%ﬁpﬂ?in@%bl@od%ﬁs anek f%st%zefh}&é ﬁ‘xrcihdes'r??ﬁlgrfngs' ng the

nunber of cells havin nsity between 1.055 and 1.

cul turing #ﬁ@k§éééﬁdob5§§kﬁ%?$‘ ?6r a period |asting betmeen 3 and 30 days;
and identifyi end%thellal or cells in the cultured cells. In an
enbodi nent, appPyRrigoPHE R “e '“P astiessstellgy foattp esrend ARAiGHEc S yi ng t he
30 bl ood t eppiyisoiheiLitsepask cllk ucin@pt@rapapelgrdeht. of sucrose and

epi chl orohydrin. 21 In an enbodi nent, applying the first-pass cells to the
secondlgradienUhhnahmdésmmammﬁyﬁmgmuhﬁ;ﬁﬁn&ﬂspﬁis@ﬁhdgmﬂmmaﬁdaﬁﬂeous

sol ution of | X¢ plying the first-pass cells to
t he second %’r %%9 I% d[%aapp%yllq%&a{dhepfl rst-pass cells to a gradual

densi ty ol i o fl aagu | PRV OURUELOLIE NS Rahoa) oF Bl lkedcol fof ds

In an enbodi ment, ap s to t I'rst gradi i ncl udes
appl yi ng @W@“@pdﬁﬁﬁ 1b@h?®ﬂh6ﬂhwﬁﬁmwhﬂwésgmhdment In an enbodi nent,

applying the fifstmBagsGelildnd e 26 SACNH £ &%@&tsuh%% qu%électing
15 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;
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 mumber 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/ml;



applying the first-pass cells to an OptiPrep-like gradient. 10 In an
enbodi nent, applying the first-pass calls to the second gradi ent includes
applying the first-pass cells to a Percoll-like gradient. There is al so
provi ded, in accordance with an enbodi mrent of the present invention, a
met hod for use with extracted stemcells, including: applying tissue
including the stemcells to a first gradient suitable for selecting 15
first-pass cells having a density less than 1.077 g/m; applying the
first-pass cells to a second gradient suitable for selecting second- pass
cell's having a delyRigt §tc Bespaenells. ©55scand gadidd sgifable; foapddcying gecbie

second- pass. cel t.o a.third gradient itable for selecting third-pass
cells haviﬁgﬁgﬂéiﬁgP%@d%%?%%@%wiqgggmgﬁgﬁ%fg%g g/m; 20 increasing the
nunber of cel | sculfanmgngje sccoeinsid opilbet aeehcelin@bbngpighn®, 468 g/ M, by

culturing the third-pass cells.faor. a period |asting between 3 and 30 days;
and identifying&%%ﬁgfﬁégfﬁ?“%p%ﬁé%f?gwecgi s in the cultured cells. In an

enbodi ngnt, theyth - adi. e I i . e i I ving a
densitggbetmeeﬁmiggé'mgﬁgg%.g%%h%%ﬁﬁFﬁgﬁgﬁ ‘gééﬁhkﬁﬁgl g%gg%hélggcond-pass
cel I s to tRefhcgsvhenthegugicadicened ik iujelegous plagst i ng the cel l's having a
density between 1.059 and 1.068 g/m . There is also provided, in
accordance wi t h"a# ERPRSUsREn¢ulBIng freludresitring oy esendormss sellfet™h8E for use

Wi th extrachedeblRadne ish@hddd REac@RRE Yk NEsDhROMadn® aidctetiShorgrRdizant
suitable for selecting first-pass cells having a 30 density |less than

1. 077 g/ m “owsingy glogepeiqplasym pad xqggeaacic glapm@at o a second gradi ent suitabl e
for selecting second- pass cells havipng a density, betwee . 055 agnd 1.074
g/ Ot ur g e s eBo s T At 4G s SeeS Y i e FERSinm;  and

i denti fyi nipvptagenintibeod ehdesvithnisfuegindudibgir ed cells. 5 In an enbodi nent,

cul turing inclug t he. secagn ss cells on the surface, when

culturi ]
the surface is égéPéﬁhﬁ#%hpgﬂ%%?%%Bﬂ@“%?é@%ﬁg"In an enbodi ment, cul turing
includes cul turing 1.86:;865000RAS 8L bRog e

In an embodiment, the plasma includes autologous piasma.

15 There is also provided, in accordance with an embodiment of the present
" invention, a method for usc 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 suitable for selecting second-
20 pass cells having a density between 1.055 and 1.074 g/mi;
culturing the second-pass cells on a surface including an antibody; and

identifying progenitor cells in the cultured cells.

In an entbodiment, 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 autologous plasma. -

In an embodiment, cultring 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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surface, when the surface is coated with at |east one 'plasm selected from
the list consisting of: allogeneic plasma and xenogenei ¢ plasnma. 10 There
is also provided, in accordance with an enbodi nent of the present

invention, a method for use with tissue, including: culturing the tissue on
a surface including plasma. In an enbodi nent, the tissue includes bl ood.

In an enbodi nent, the plasma includes autol ogous plasna. 15 There is al so
provi ded, in accordance with an enbodi nent of the present invention, a

nmet hod for use with extracted bl ood, including: applying blood to a first

gradi ent sui t ahhg.fi@rageh@otitddnf dckstimpasshCal lembbdimiemgo thedgnsnt y | ess
than 1.077 g/n |; ap i

i plying the first-pass Ils to a second gradi ent
suitabl e f@?ﬁgﬁ%ééﬁﬁW5ﬁ§éﬁ%Wghe c%%%@oiéPﬁgmﬁaving a density between 1.055
and 1.074 g/ m apgiyth Ylob@eh & Hiest $eCeRCPASS £ ablegingriirg-patsr defic Bavingdl udi ng an
ant i body; gnd |dentif¥iggﬂprogenitor cells in the cultured cells. In an
enbodi nent SEIREES 35N 8 el I's i ncl ude endothelial progenitor cells

(EPCs), s and mha@ﬁﬁﬁgMQem$¢¢wém@mﬁhesp@@@@@ﬁkﬂ#&@dﬂb§Hhﬁk&®dﬂ§mmdentifying
the EPCs. 25 5ﬂaﬁggﬁgnﬁa%%§@#ﬁggQb&ﬂ%hQ%7hQ%hydes culturing the second-pass

cells on tHE© urtace i s“coated with autol ogous plasma.
I n an enbodi nerbituridygl thurdeagdipas) udlesorc al sufhéengciviiog se gonvdhgelescieel | s on t he
surf ace,

The Drer m@@ﬁgﬁ%@?ﬁ“&%%Sﬁ%¥?°9ﬁ9&§9ﬂ%%&ﬁ at | east one plasma selected from

ogenei ¢ asma and xenogenei c plasma. 23 There
i s al so provi dedentifymggresnitancts inilelulanedasbodi ment of the present
invention, a nmethod for use with extracted bl ood, including; applying blood
to a filpst gradhemt embidimg.ethf drogsaitacedihgndlydesendpigial dEPgeg‘tcH'a hg a

density | egspd, B dndd i@ ing TredRRe Rl BR1abd BEmPAGSHEBPES to a second
gradient suitable for selecting second- pass cells having a density between

1.055 and 1. 074y, g4 Bhboditbd: Uiiing M€ sesBGONE: QA5 Sclidbd Giltonngths sechiaic e
i ncl uding gasg Zgwog_aegu?fagec‘!hgtg includes, in addition to the growth-enhancing molecule, at

least one of: collagen and fibronectin.

15 There is also provided, in accordance with an embodiment of the present
imvention, 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 firsi-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 ina
culture medinm including up to 5% serum; and

identifying progenitor cells in the cultured cells.

In an embodiment, the progenitor cells include endothelial progenitor cells

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

There is also provided, m 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 ‘suitable for selecting second-

pass cells having a density between 1.055 and 1.074 g/ml;
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nol ecul e other than collagen or fibronectin; and identifying progenitor
cells in the cultured cells. 10 In an enbodi nent, the progenitor cells

i ncl ude endot helial progenitor cells (EPCs), and wherein identifying the
progenitor cells includes identifying the EPCs. In an enbodi nent, culturing
t he second-pass cells includes culturing the second- pass cells on a
surface that includes, in addition to the grow h-enhanci ng nol ecul e, at

| east one of. collagen and fibronectin. 15 There is also provided, in
accordance with an enbodi nent of the present invention, nmethod for use

Wi th extracted dfioog th Redodibarg cclappl Yipagodlaand Hetrvaan fli &mats @ryadi ent

sui tabl e for selqgtlgg first P-% gﬁ/ls haV|ng a density less than 1;077
g/ appl {HHE PRE Bgmp§§§eﬁ F1 87 8 9@ ond gradi ent suitable for

sel ecting secomﬂmﬁﬂﬁnywsgmﬁmkhmnhﬂuumgmadd@@5|ty bet ween 1.055 and 1.074
g/m; culturing the second-pass cells for a period |asting between 1 and 5
days in a cul tlore cmbddimenti edthud the seepnd-prsbe6lls drcindps @itrdringlensdebnd ng

progenlgolr8 ekgﬁé%tﬁhﬁ%'ﬁ&kﬁyﬁgﬂd£§‘$§ﬂl4 9a§%§nbod|nent the progenitor

cells inc progeni tor cer "CEPCs), and wherein
i denti fying therjrogenid ?J'iov?c%hl ) a&&%&aﬂ&swﬁzﬁ%ﬂt LEYdaRGert N8 tﬁfg&smlhere IS

al so provided, -in accordance wth an enbodi nent of the present 1 nvention,
met hod f or VY§RIIoW; %Iﬁethséfpa%wath@%@@dmwé; ipelidieg: appl yi ng blood to a first

gradi ent sui t abjyg rfarm&ﬁlteqtﬁlaggidléﬁfsulel%sfop@ehéﬁng@eéi Pls RellsGERaE LY | ess
than 1.077 g/m ; applying t first-pass cells to a second gradi ent

suitabl e fé@wgékgﬁ@ﬁ dteind- pass cells having a density between 1.055

and 1. Q@4 9/ M ;apdimeUhd Gr- péls m@ @Q%eafdp@@cﬁe&@lh&a&cff@f sdecBBY b@ond-ast i ng
bet ween -1 and ur.e _medi um.i ncl udi ng greater than 10% serum

and i denti Py ﬁ‘glsg?%&%ﬁi‘?ﬁﬁ’ 1?58'1’?3% 1i0p° k! Edigft¥ ed celI's. In an enmbodi ment,
culturing the Sﬁﬁﬁ@dr ]@Mmﬁﬁhhﬁ PeR6d, U@ SriUnt Uedong phdeccB e gOAdulils Pass cells
in a culture medi q %1 N9 | ess than 20% serum
medium meluding less 1 % serum;
during a high-serum time period, culturing the second-pass cells in a cuiture
15 medium including greater than or equal to 10% serum; and

identifying progenitor cells in the cultured cells.

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%

Serihn.

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 sccond-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 embeodiment, 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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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: applying blood
to a first gradient suitable for selecting first-pass cells having a
density less than 1.077 g/m; 10 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/m; during a lowserumtinme 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 nedihud ik NGloUioRBed! iBadcesdddianmifr aeqdbdinentlo¥tisepraswnt and
identifying progenitor cells in the uIturF%.cells. I n an enbodi nent,

cul turing ‘tﬂl‘Fé‘“%%é(ﬁﬁﬁloﬂé%fs}m%é’Fql%x%ﬁWﬁ]@o‘bﬁ@“I B serumtime period includes
culturing the $890REHRBE %0 €kt rdafnBsuetllé Wreclhri Umtipas| it hgyingp t o 5%
serum 20 In an enbodi rreg} ,, culturing the second-pass cells during the

| ow ser um $525HY lespEhap 4 &Y @ludes cul turi ng the second-pass cells in a

serum fgee cul typengeh fRi-pds caid teabedinapnidenculithhle fngetehngseewdd- pass
cells during the |owserum.tjne i incl ydes cul turing the second-pass
cells for Egﬁﬁ$%¥$ﬂﬁ”b“ﬂ%gﬁﬁ%EWJEB%%ﬁﬁgi%%yéﬂ’In an enbodi ment, cul turing
t he second- passiugsd b Sysiuttd thge phrind Hisghe sideasn® thibwe, cultBringethe setoidhpdstides
cul turing tﬂe S ggndiﬁas%ﬁﬁ%Lls for a duration of between | and 30 days.
In an enboﬁ?h%%ﬁf3@8? ("¢ he second-pass cell's during the | owserumtine
period is perf g pod-oypokio tiewlpbtiod laging hideassek daydcpaissg Sels¢oondidisi ng t he
hi gh-serum tinme. period. . | diment, culturing the second-pass cells
during?§hecE%ﬁ?%%@ﬁﬁﬁ??ﬁ%ngﬁﬂﬁggﬁgd is perfornmed follow ng culturing the
second- pass celifisuithing pogenhe chilghitsealinred ¢eie period. 25 There is al so
provided, in accordance with an enbodi nent of the present |nvention, a
met hod for use Iniashemkedimettethebimagraiton sralF JBRIVY: eléiﬁg‘fiy"ilr@o%ﬂnﬁ?fdc 0 a first
gradi ent  suidcabl g § Qe RleBely i he bR 88 1f@ldesSidbariingiha EPCs.
In an embodiment, the hypoxic and non-hypoxic time-periods are within a
15 culturing time period lasting less than 30 days, and wherein culturing the second-pass
cells under hypoxic conditions includes culturing the second-pass cells under hypoxic

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

Tn an embodiment, the hypoxic and non-hypoxic time-periods are within a
culturing time period Jasting 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.

" fn 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
cells under hypoxic conditions includes culturing the second-pass cells under hypexic

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, culiuring 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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density less than 1.077 g/m; 5 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/m; during a hypoxic time period lasting at |east 2
hours, culturing the second-pass cells under hypoxic conditions; during a
non- hypoxic tinme period |asting at |east 1 day, culturing the second-pass
10 cell s under non-hypoxic conditions; and identifying progenitor cells in
the cultured cells. In an enbodi nent, the progenitor cells include

endot helial progenitor cells (EPCs), and wherein identifying the
progenitor cel Irferd Nelaidesiodidantih fagkdi@ntd evitEPEs embaliamt eofbhdipresent, t he
hypoxi ¢ and .non- hypoxi c ti nme-periods are, '%&Ln a 15 culturing time period
| asting Ié§§m?%hﬁH8@0@§V§$”§ﬂgmﬂﬁ@? 1%”6@?@ ¥ng the second-pass cells
under hypoxi ¢ gendid d186sto hpeddudes saet: talkhmgng hirssdsionidiepalysingsl | s under

hypoxic conditions during a first two da of. . i I peri od.
In an enbodi rreﬁlcfea%“llfetlﬂﬁ?ﬁ%iﬁr 8£ %%ahﬁg}g-%ﬂ%%éidgsn‘te? ﬁ%lﬁ%%lraﬁlg%ﬂéy%}tgﬂvéet hin a

cul turing ihi RBPET tOF has kst estdigasnt3gndayssubsaqdeniiieined Me@UMt uring t he
second- pass %0 cells . under hypoxic conditions includes culturing the
second- pas&ladrg LPOFHSEF A poxi ¢ conditions during a last two days of the
cul turing tineiqetfyagprdgonitn célyirodie ndivred ctllle hypoxi ¢ and non- hypoxi c
time-periods are within a culturing tine period |lasting |ess than 30 days,
and wherein cultheringithprosdednid- passdance evifhs agy fE@PIREBORT EecBHHt i ons
includes culturi t , = r hypoxic 25 conditions for at
| east 2 hoﬁ?%“%%gaggﬁ%g§§€gg?@?%gé%g§§i§ﬁgagﬁlast t wo ga s of the

cul turitg ti me apeyinpiood v somadieshoeieivells bauing 8 drsh §estRLICRETAE pass cel | s
under hypoxi.e condiit) aNS e b UaRYa RIchRS debifedidehdityiriipg by hawsiegond- pass
cell's under non-hypoxic conditions. In an enbodlngnt, guLturlm Lhe

second- pasteceletted oelldar anppévwindodedies B iPHeesinsandIFOHAYEEY fed ol ow ng

cul turing Ybﬁdﬁgéﬁﬂ sPass cells under non-hypoxic conditions. 26 There is
al so provi&b , I'n accordance with an enbodiment of the present invention,
a method for ugeéengiftng rssgepiiriicals iBssEshERidi ng:

15 There is also provided, in accordance with an embodiment of the present
invention, a method for use with extracted blood, including;
applying blood 1o 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 progenitor cells in. the cultured cells.
In an embodiment, the progestin includes progesterone.
In an embodiment, the estrogen includes estradiol.

Tn 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 bloed, including:
applying blood to a first gradient suitable for selecting first-pass cells having a

density less than 1.077 g/ml; 7
applying the first-pass cells to a second gradient sujtable for selecting second-

30 pass cells baving a density between 1.055 and 1.074 g/ml;
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applying blood to a gradient to select cells having a first desired density
range; increasing the nunber of cells having a second desired density
range by culturing 5 the selected cells in a nediumincluding estrogen and
subsequently in a medium including a progestin; and identifying progenitor
cells in the cultured cells. There is also provided, in accordance with an
enbodi nent of the present invention, nethod for use with extracted bl ood,

i ncluding: 10 applying blood to a gradient to select cells having a first
desired density range; increasing the nunber of cells having a second

desired densi tysukiang§yfi¥caphil tiei faflod fREoSRh&SE PHoeLlchiBuring 1o sEegidum
including a progestin and subsequently in a nediunl,ingluding Estrogen; and
i denti fyi n@ﬂsbﬁ‘ﬂgé‘ﬁﬂﬁféﬂp%@ﬂ’% opKlitioRs The PricRRIIGCENT Reriod ShARREIETE BV ) g0

provi ded, b,acerdaneany b an enbodi nent of the present invention, a

met hod for use wt extracted,blood,_incLudiqg: gg&l¥én%%§hoodmkg a
gradient to sel BEES @ap-WPRSHNGTEC Poricd (st 1EH TH@T ™ EARGE Y ner easi ng
tEe nulrrberp%t: @clﬂlllsl §r_1cf&ﬁﬂdﬂ€llé/?@r&@_ﬁi@nldoﬁc?ﬁﬁinﬁ,eﬂxe deﬂﬁj/;teybélpxﬁmglﬁnd&)ypaﬁpﬁt uri 3920

t he sel ect cells .in i ncl udi ng estrogen and a progestin; an

i dentifyin mﬁPHﬁéﬁ“ﬁBﬁﬁ@ggpL&ﬂ#SﬁﬁgOEﬁWgU?g%“ |'s. In an enbodi nent, the
progestin i ncl udesifpiogeshisens. in tleruanredadiadi ment, the estrogen incl udes
estradiol. In an enbodi nent, culturing includes culturing for a period

| asti ng bet weenn3n cahdlidentdryisg R EHerbdirpg dledupgpeapuicdiaw, petied ladgor dance

wi th an eangkpgyt of the present invention, a nmethod for use with
extracted Bﬁood,°inc|uding: applying blood to a first gradient suitable for

sel ectiypg fir Stﬁl%?%ﬁlb&ﬂln'@ , t@@ﬁ%}%&aﬁnic denShiypdi&stict@heliod afe within appl yi ng
the first-pass cells to a.second gradient suitable for selecting second- 30
pass cel | salsairing tanedwried legtingaesidon 39 dowsanggherein yutugingfhe soepndipfssng a

hyper capni geifsl PR1cP b QG phidSlohM8oRt inkRAS cdnbRBe s&ddhd-pisk n@s hadgecond-

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

In an embodiment, the liypercapnic 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 culturing 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 culiuring the second-pass

20  cells uvnder hypercapnic conditions includes oulturing 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 conditioss.

25 In an embodiment, culturing the second-pass cells under hypercapnic conditions
is performed following culturing 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, including:
30 applying blood to a first gradient suitable for sclecting first-pass cells having a
density less than 1.077 g/ml;



pass cells under hypercapnic conditions, the hypercapnic tinme period

characterized by a CO2 level of greater than 5% during a non-hypercapnic

time period lasting at least | day, culturing the second- 5 pass cells

under non-hypercapni ¢ conditions, the non-hypercapnic tinme period

characterized by a CO2 | evel of less than or equal to 5% and identifying

progenitor cells in the cultured cells. In an enbodi nent, setting the CO2

| evel during the hypercapnic tine period to be at least 6% 10 In an

enbodi ment, the hypercapnic and non-hypercapnic tinme-periods are within a

cul turing tine.payhodhel Bsijfdeliessa thand 3RddaRySitatan tbrwkiertdinecndt uring the

second-pass cell's under hyperc qﬁiq ggﬁgén%@ns i ncludes culturing the

second-pa§§ﬁﬁﬁp$?Wﬁﬁdé$n$%§ﬂ%?%gb @l 604 #Mns during a first two days of

the cul turing thRmpesd RebndlpRssanlientodimRntcdith échyipercapione sgvdt

non- hyper capnic tine-periods are within .1 c in I,/ pl od | asting

| ess than 8 °@§§@?1%ﬁ n%ﬁg%%?%0§aﬁ$m?P%an&ﬁ@£§e§§%§?%5§£%@%§[ sBunder

hyper capni Gireandidiiond) Ssiisic ki gesdiclddrivativagestradiolsebond eprdidl exfidngteunder

hyper capni ¢ conditi.ons during a |ast two days_ - | 1141 -l me peri od.

In an endeFWﬁsz@Pﬁﬁuﬂyﬁgg¥gﬁﬁ?8K%ﬁgﬂﬁ%ﬁ3%%ﬂ%?%§%gﬁgﬁﬁkhgg%gg?%as are

Wi thin a sulhtiy pRgestdee, peidgobastimgedass niddanyBogadiapss agtigewher ei n

culturing the second-pass . 20 . S r.pyper L C.condi tions includes
ﬂgl} gg]gﬁsﬁ%g]pag%rgaqgt%P a%%l]i!l gla?a )e;léel:ﬁl, aﬂg E&%ﬂ{&&&le, A

cul turing t er’l’'s "'unde ercapni ¢ conditions for at |east 2
hours between dddntifigtg promnidaydisantheaulbagtcdtlvo days of the culturing tine
period. In an enbodi nent, culturing the second-pass cells under hypercapnic
condi ti®ns i s Theref orated povided. noacsotdegei wigh 2RecoSBEL Sh4Re BEPTY under

non- hyper C%Qﬁit%ngprﬂgﬁédi ONSe with exikddted ReMPRdiRALe: cul turing the -second-pass
y

cel |l s under ercapnic conditions is Berforned ol | owi_.ng cu!t%Ting t he

second- pass celdpplyinadissuerienhadingse sepricds tocd At BrRORY SUby BT $4°ENE o
provi ded, h&p@&%&ﬁ%ﬁkﬁ&;%&eﬁ& Bsenhadiyment; of the present invention,
us

LREA U St G A LR
l'ess than fyasgzals%ﬂhg' a density between 1,055 and 1.074 g/m;
increasing the mamber of cells having a density between 1.035 and 1.074 g/ml,
by culturing the sccond-pass cells for a period lasting between 3 and 30 days; and
identifying progenitor cells in the cultured celis.
Tn an embodiment, applying the tissue inciudes applying umbilical cord blood fo
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 applyi.ng placental cells to the
first gradient.
25 In an embodiment, applying the tissue includes applying fetal cells to the first
gradient.

In an embodiment, exiracting 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, exfracting the stem cells from peripheral blood.
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28 applying the first-pass cells to a second gradient suitable for

sel ecting second- pass cells having a density between 1.055 and 1.074 g/ m;
culturing the second-pass cells in a culture nediumincluding at |east one
agent selected fromthe list consisting of: erythropoietin, VFG |GF,
FGF, estrogen, , 17-(3- 5 estradiol, estrone, estriol, an estradiol
derivative, estradiol valerate, estradiol cypionate, nestranol, quinestrol,
progestin, a nolecule fromthe progestin famly, progesterone, synthetic
progest erone, hydroxyprogesterone caroate, medroxyprogesterone acetate, a
statir sinvasuabgmeaﬁ@@rg&k&h@mmH@ama&ﬁkwﬁ%ﬁﬂﬂﬁk@ ﬁgentI and . o
rosi glitazone; i denti n r.ogeni cells.int cultured.cells
There is al so ﬁP@WFE% es?ﬁﬁ%g%ﬁgﬂg %W&%mﬁﬁm%WHgglnﬁﬁEp% 4 PeBr esent

i nvention, a naidiod for use with extracted stemcells, |nclud|ng appl yi ng
tissue |nclud|n t he st i rst nt_suit abl sel ecting
first-pass cel I'SYRE0% ﬁtdedé Sﬁglﬁsﬁhf} S‘Tcg’é p‘l"h%ﬁjl ?06‘7@ ﬁrﬁ trﬁﬂma?b’bq;‘/ll r%’glgldt he

first-passotigt Iist poatien delegrdogratli ent suitable for selecting second- 15
pass cells havi a densit 1.055 a ing the
nunber of cell s(p‘%am m“e é;h&;ﬁng,é‘?%ngmmgn Sfc?fg rt%é%f%ﬁfm nﬁéé%%g

cul turing tme®@ﬁ@ndwdaS§mmehﬂs for a period lasting betmeen 3 and 30 days;
and identifying progenitor cells in the cultured cells. In an enbodi nent,
appl yi ng t he tilssuenibadingtlesnappl Wierry laatsiolk calhecerotd-prosdlsiacluds t he fi st
gradient. Lhcaf, RERaCHERRhs nARRM A %&g%i&@%ﬁtbdﬁ% des appl yi ng embryonic

cells tot rst gradient. In an e iment, applying the tissue

i ncl udeg applyi mn%@gﬁ%ﬁd reégfRking tﬁeoatm@t sofue r&tm%@u%&& celDindlAdeaNn
enbodi nent, applying the ti.ssue I ncludes aip fetal cells to the first
4%

gradi ent. PFeeckpg Vﬁlﬁﬁ}(ls theghde palcadherg ta e Cé“rﬁlbér?@mﬁ?lﬁ‘?h bone marrow. In

:‘Qt ?213? ?Brr:e(r;; t eatl)llsltnlél?z?:dgqun ghe ﬁltste an%gnolrsmghgdgp og %ns% accrigaureo aocnfo%%l

enhancing molecule, and wherein culturing the cells in the first container includes

ilitate

culturing the cells in the first container that includes the growth-cnbancing molecule.

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

cell surface receptor,

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

25  invention, a method for trealing 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 central 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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30 In an enbodi nent, extracting the stern cells from peripheral blood. 29
In an enbodi nent, culturing the second-pass cells includes: culturing the
second-pass cells in a first container during a first portion of the
period; renoving at |east sonme of the second-pass cells fromthe first
container at the end 5 of the first portion of the period; and cul turing,
in a second container during a second portion of the period, the cells
renoved fromthe first container. In an enbodi nent, renoving the at | east
sone of the second-pass cells includes selecting for renoval cells that
aﬂher e Ito ahs @ﬂilﬁ@@&}aﬁfag&dh@lcﬁﬂafegtorﬁﬁdﬁﬁlaéd:’l?{suq a;plalsgmaxﬁf, @fﬁFQdéSﬁEﬂf thet enovi ngI
the at least.s 0 e second-pass, cells jnc es, .selecting for renova
ol T o that 48O Soer 1t 5 e S rLciSBrol rkmrrs o BRRn et et

enbodi ment , setdial limlr SitihecBfead ner i ncl udes on a surface thereof a grow h-
enhanci ng nol ecul e, and wherein culturing the cells in the first container
i ncl udes cul t uli agpribedineed, the niathod velfdes shereidnyttad BRCEs tyhat i ncl udes t he

gr owt h- enhanci n e . e i pent,, r e ci ng
nnleculgpis se|gg?ﬁ%zFﬁ%ﬁ?}%§m+???@mgﬁﬁﬁﬁgF?ﬁ&“%%?%%?ggﬁggﬂ%%ﬂﬁggen
fi bronecti ndensitydesolbiah 1 0ZE¢/od; and an antibody to a stem cell surface

receptor. In an aﬁﬂ%ﬁ%mﬁﬂ&v aEJ‘f‘eIi?‘? g@é%gfr}]cgﬁl\t%ﬁe&esruitﬁﬂ?&F&%&%e*gfﬁ@ sfooRll T ace

t hereof a growt h-" enhanci ng nol ecul e, retn culturing'the cells in
t he second ResvieHs kreinziadersifl batweOl @i andil Oihe/hendel | s in the second

contai ner that ihf&féaéiﬁiﬁngﬁetnﬁﬁzb&r%fk?Jgg%gg&e?ggfn@%\ﬁégh':lﬁ)ﬁ-am!l 0 0@ gfTbodi ment,

t he grow h- enhanci ng ecule 1's sele . Ist consisting of.
pl asma, 1&ol Waybwinefheseemeprsvelisoys erpoh laptnetbsveamd ez sy body to a stem
cell surface receptor. There is also_provided, in_accordance with an :
enbodi ment of t! éa“pef‘g?@mem’%“?%ﬁ%@ﬁ B TAAEHBREY GV 0% 1 eat | ng a condition,
i ncl udi ng appl yipgyiendetdechalngREOganictioro ac@bl GadidiPeSjableGobscketndi ty of
ti ssue or . Space f q.sub ect selec}g&‘fr.nlthe list consisting of.
tissue of a PEPFRETMV ALy &S PRl E{hy Bt tissue of a central nervous
system nerve of apiyify S¢bfireciass &lls @Ph is€cone kiadien sulthige Sutbkeaing sehadoi d tissue
of the SUbj eCl ! Sl deldS S UG e 1.055 and 1.074 o/m;

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/ml,

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 célls 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

melecule other than collagen or fibronectin,
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t he subject, sub-retinal space of the subject, corneal tissue of a subject,
ki dney 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 30 the subject,
damaged, ul cerated or wounded tissue of a skin of, brain tissue of the
subject, tissue of a linb of the subject, tissue of a skin graft, and

ti ssue of a reattached severed linb of the subject. In an enbodi nent, the
met hod i ncl udes generating the EPCs by: 5 applying blood to a first

gradi ent sui tabﬁl@ﬂﬁﬁb(}cﬁnﬁ&ﬁ&lﬁdﬂ’i@h{fd:h&lﬁde@@&&rz@ﬁéfhﬁ]fméivbjﬂg a density |ess

Sui tabi o for scebPerip-ade o (bt BERPE akry Rl BRI EY 1 oss

and 1. 074 gémailty leantlad @7 @Aslk Ng the nunber of cells having a density between
1. 055 and 1.074 m,. 10 by culturing the 4.4 period

| asting between® Qgﬁdh%émag§§ngﬁbéh“%ﬁgddwfml?mgT%qg G%% %fﬁ%c udes

gener at § ngpiheclEP&Endy denaipilcywaag 1 05 S sndel .f et midemly t he stemcells to a first
gr adi ent _Sul {3l b0l 1 SLERILAD cold £84 RASP Gl BB 1B B8RSH L | ess

than 1.077 g/m 7’ ap S ce S%0 a secon gradi ent

sui tabl e fomusemabmnmqk@eaand}ﬂi@ﬁp@ss cells having a density between 1.055
and 1.074 g/m; applying the second-pass cells to a third gradient suitable
for selecting thmdmfg@é@emdbﬁllngth%Wh‘i@eS@e’éfé%@Eﬁwfﬁ’@ts\%en 1. 055 and 1. 068

g/n; and Incre@@ A R WS Al Sl 118y L NG1iA HRNSIS YolbaliRen 1. 055 and

1.068 g uring the third-pass cells for a period | asting between
3 and 30 dé?§ﬁY2€S¢ﬁ1h%”éﬁﬁbdlnent t he met hod includes generating the EPCs

by: applying bl Q@Mgoth@figt bsk cgmsaféleﬁguco@p%m@mt@umre &ek@sding gecbid-st - pass
cells having a 'dénsity |less than 077 gﬁ_ 6@ﬁlylng the first-pass cells
to a seconﬂaﬁﬂél%ﬁbéﬁlﬂlg%G?“@@b‘]’f‘éwcf%rl Oge Pt gg/‘% d- pass cells having a

density bet weencgnfpd 1@necohd P44 Glidtor agibﬁoézﬁlsﬁlﬂ.ﬂ batkdangl fities deednd- pass
cells on a surface including an antibo I n an enbodi nent, the nethod
i ncl udes géH@F%FFﬁﬁmﬂ%@mEﬁ@§mﬁyﬂmn10 2 serbin,

15 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 celis to a sccond 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
medium including less than 10% semm;land _
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/ml;
applying the first-pass cells to a sccond 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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applying blood to a first gradient suitable for selecting first-pass cells
having a density less than 1.077 g/m; 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/m; and culturing the second-pass cells
on a surface including a growth-enhancing nolecule other than collagen or
fibronectin. 31 In an enbodi nent, the nethod 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/inl; applying the first-pass
cells to a Secdﬁdn@hadhﬂﬂﬁtBMMMHhHEdﬁ@%g&ﬁhﬁﬁgﬂm§P§etwnd- 5 pass cells

oo densit 074 . UL 0o dififa
aving a densi %8 %)@l N 3 grad n%' & dtaB‘Lg%f SCleCt%%g%gtl:%g%%{ug aIa‘trjilghg.

second- pass cel tween culture
nediunlinchmﬂﬁm@mummuaﬁﬁ%wsbrunl In an enbodi mrent, the nethod incl udes

generating the £RCRAe sARBLYLOA B0Rd 0Bty a{amgrfad%@e@angswa@bl e for

sel ecting flrst%% S avi n ess than 1. 077 g/m ;
appl yi ng tpaqf:rrlh@tmmséen@@me}swe@@1@5%eui)1rﬂi’4g|‘m]d| ent suitable for sel ect i ng

second- pass cell.s, He}%g pﬁm%{&%#e‘i ¥q BeL 3 9 géﬂ?‘%@ltﬂnnqzﬂe Qa/cmd» and

culturing the secon ss cel or ap d 1ast|ng between 1 and 5 days
in a cult pese celisdinden hypertapdic vgndiiicat the h}tm&ﬁpnlfo%’g afripthcharseterized BY @nbodi nent ,

t he ”EthOdctﬁﬁ%ﬁQE eg%pgjgyngdthe EPCs by: applying blood to a fast
gr adi ent sui fa or se ecting first-pass cells having a density |ess

than 1.077 g/ nduriappyi-hgperoneni§ fipe perppddastipett|lepst lodey, GdetredhepeseRdent

sui tabl,g f%sssgélﬁchﬁcﬂrg %Qlﬂzﬂgbapﬁﬁs SoBhidns, MAYIREnFeaR ]Blﬁbt ¥ymbepspgn 1. 055
and 1.074 ¢ urlqal | oW senm tine period, turing the

second- pas§h%@F¢1§64W%Q Pl pidess fisgion pehe IStidi ng Iess than 10% serum - and
during a high-seru

culture nEdIUHP@Hg%Eﬁ#W §$%§g%?§U|tﬁég%ﬂg%@gpﬁﬁgeg A?nguﬁslls " e
applying blood to a first gradient suitable for selecting first-pass cells having a
densiiy less than 1.077 g/ml;
15 - applying the first-pass cells to a second gradient snitable for selecting second-
pass cells having a density between 1.055 and 1.074 g/m}; and
culturing the second-pass cells in a culture medium including at least one agent
selected from the list consisting of erythropoietin, estrogen, an esirogen-family
molecule, 17-B-cstradiol, estrome, estriol, an estradiol derivative, estradiol valerate,
20 estradiol cypionaie, mestranol, quinestrol, progestin, a progestin-family molecule,
progesterone, synthetic progesterone, hydroxyprogesteronc caroate,
medroxyprogesterone acetate, a stafin, 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/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/m}; 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 cmbodiment of the present

invention, a method for use with extracted blood, including:
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I n an enbodi nent, the nethod 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/m; 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/m; during a hypoxic time period |lasting at |east 2
hours, culturing the second-pass 30 cells w der hypoxic conditions; and
during a non-hypoxic tine period lasting at |east 1, day, culturing the
second- pass cells under non-hypoxic conditions. 32 In an enbodi nent, the
met hod i ncl udespglgng babil nga tthe =Gt bymblapplsyieciygdiroodsst ellahfinest gradi ent
sui tabl e f&£ﬁ§qlgﬁhi9%7ﬁghit-pass cells having a density less than 1.077
g/ m; applylhd’Fhe i rs -baSs cells to a second gradi ent suitable for

sel ecting secongplyibg pasérsemist selliaviangeoad gedsnt yithle irewlettigsseadd 1. 074
g/m; durip wRercapni.c .t j I i.ng-at |east 2 hours, culturing
t he second?g%ﬁggxﬁgﬁfgﬁﬂﬁﬁé%hﬂ§%g?%%%ﬁﬂéﬁ%gﬁ'1tions, t he hypercapnic tine
peri od Thar act éndreeidg e ramb@OR! ¢odly btvingf 2 geneigt eatwedna050sd A4 @lith ng a

non- My per CaPQiidd fiPsB8Hd Al dASH Bl 1A lenlcalind SllibdnBg the second-

10 pass cel1s tinder non-hypercapnic con ons, the non-hypercapnic tine
period char actiémfipé psgenitorcelfs i gpepltsdd eBss than or equal to 5% In an

enbodi nent, the nethod includes generating the EPC@ qi:_gggl'ing blood to a
first gradient Byt ebrdiney G BeITRY Flp Spclyisse@debed W "r‘i‘é %" density

I ess than epQéy a8 Wilereid RlcARPnY iRGrdBB1ck bR incRASSId6RIYiSe hoFRCSecond gr adi ent
suitable for selecting second- pass cells having a density between 1.055
and 1. 074 g/ m ;Tmardiscalbd prdviigdt be aseriand- pis n cehtoginiant af abd puset medi um

e B s AP LB SRR Al LG s T o
estrone, estri applymp bhstiradifokt gatidn atiiavle forestecdd Bist-naad edllatheyin?® est r adi ol
cypionate,d&gﬁ}é&@ﬁ%qiﬂggﬂggtrol, progestin, a progestin-famly nol ecul e, .
dividing the first-pass cells into respective first and second portions thereof]
15 applying the first portion of 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;
mixing the second portion of the first-pass cells with the 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,
20 by culturing the second-pass cells for a period lasting between 3 and 30 days; and

identifying progenitor cells in the cultured celis.

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

be larger than the second portion.

2 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 to sefect cells having a first desired density range;
increasing the pumber 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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progesterone, synthetic progesterone, hydroxyprogesterone caroate,

medr oxypr ogest erone acetate, a statin, sinvastatin, atorvastatin, an
anti di abetic 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/m; 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/m; and increasing the nunber of cells having a
density between 1.055 and 1.074 g/m, by culturing the second-pass cells

for a period | ast iuﬂ@nﬁlﬂirﬁ@@ﬁp@yiﬁ@&e%@od%’ﬁm galicthiasiedds apayispblpsdwi ded, in
accordance wt i I

an .e di nent of sent i.nv on,, a nethod for use
wi th extract@i" %F&a@ﬁggﬁégganﬁgﬂ“ §“@£% ] dﬁﬁ@@ﬂgqbz g@%irst gr adi ent
suitable for selecti flr ass it an 1.077
glm: applying Ch& FIFSFIE &@egim%%gaé %8@6 Hnb?aggéﬁPﬁgmgﬁgg%g f or
sel ecti ng segatick syabls fcmeshllacmngawlisrhgvmb démsitt hetvet Woeh arkl 1058 gamid 1. 074 g/ mi ;

5 increasing the nunber of cells having a density between 1.055 and 1.074
g/m, By cultufi mgembedingat drekapas Sicoeinbe of osllsangietes odturing B aglsfet ween 1

and 30 daygie@ggmghgggg*£yhg&i§&ggen|tor cells in the cultured cells. In an

enbodi nent he progenitor cells include endothelial progenitor cells

(EPGs), and whengiferid@tdnf, ¥ppifind e bRLOLANE LAlieRehdniict AplyudaRe hidant i fyi ng
the EPCs. 10 There is al so provided, in accordance with an enbodi nent  of

the present! asplydeiingduinga spep e qfé‘l“‘?%é”%ﬁ‘#%&‘ﬁfhé’ét ed bl ood i ncl udi ng:
applying blood to a first |en abl e selectin ass cells
having a densi aﬂ%%%ﬂFW%ﬂam @%5“@%#?5 db Ay rqhles gnp 53@0 ells into
respectnye15h@&ﬂuﬂﬂﬁmﬁﬁaﬁmwnm@mMng&h$h@@ﬂ&ﬂMo&ﬁmﬁpﬁhymmgﬂhhb first portion
of the first-pass cells to a second gradient suitable for selecting
second- pass cel Ihsahawtiodgneat, dgpiging the bebiveche Faliss iamdled ai@Tneghabipodr xi ng t he

second port| cells with the cells having a density
bet ween 1.05 %R %ﬁmfggy4m{%%gP%m&

In an embodiment, applying the blood io the gradient includes applying the blood

to a Ficoll-like gradient.

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

In an embodiment, applying the bleod 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 between 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 exiracted blood, including:
applying blood to a gradient to select ¢cells having a desired density range;
culturing the selected cells on a surface including an antibody; and

identifying progenitor cells in the cultured celis.
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i ncreasi ng the nunber of cells having a density between 1.055 and 1.074
g/m, 20 by culturing the second-pass cells for a period |asting between 3
and 30 days; and identifying progenitor cells in the cultured cells. In an
enbodi ment, dividing the first-pass cells includes setting the first
portion to be larger than the second portion. In an enbodi ment, dividing
the first-pass cells includes setting the first portion to 25 be snaller
than the second portion. There is also provided, in accordance with an
enbodi ment of the present invention, a method for use with extracted

bl ood, i ncl udi ng:anappb¥iRe:, Blieetk higuds ghagdngate ks aeheateekisn thavi ng a
first deS|regngnS|t creasing the nunber of cells having a

second des{*{" Héﬂ@P%V“PQﬁ@@gB§Q%%W%ur|ng 30 the selected cells for a
period lasting lag em%ngfn]cﬂ oulturm %u%ﬁ{}lgl gbrc ce 1@’&{‘%6?%FOGQJ}1&9{110C9| I's in

the cultured ce an e od t
gr adi ent i naifase éscoalpp wythngleld oedhldsma saegeditivmne tte 1sua;cmalbtixg df:gilogasbiect i ng

cel | s havi Slt an 1.077 g/m . In an enbodi nent, applying the
bl ood tg tﬁggﬁagl gémélg?ésdes applying blood to a gradient suitable for

sel ecting cel l STM'lQQlS@ SRS Yo 99&0\1@9& ;!wt95a% eRodlmlf 4rIhpresent! N an

enbodi ment, increasing the nunber I s 1 ncl udes culturlng the cells for
a period I@@Fmﬁ@ %@@ﬁ@éﬁnHﬁaﬁéwgﬁﬁévgﬂmﬁnméﬁmé&bod|nent appl yi ng the bl ood

to the gradientgi Wfﬂé’&i&% t@@@aﬁkﬂgo L&t &lllg’ﬁgrmoté)dc@lréﬂichgﬁy%gb ncluding a
copol ymer of sucrose and epich orohydrln I n.” an enbodi hrent, appl ying the

bl ood to the gr&diuens thbﬁéh@ﬁ@fb@liaslﬁ)fiwrﬁgeﬂ%@dmg@oaowwn%w@g&%%% density

sol uti o i RElHEALNE RSN FBYhRYE ki done- coated silica colloids. hi an
enbodi nent, applying the blood to the grgdlent i ncl udes applying the bl ood

to an aqueous s@PH#Y%&PE%“W%HFQ%W&W””FWE f#elSmbodi ment, appl yi ng the bl ood
to the gradient_includes ap n e Fi col adient. 15
In an enbodinen?lmbﬁ$‘§ﬁﬂ 5%6% C@%‘WﬁﬁkﬁfﬁaPQDﬂm ifﬁﬁ§§uagﬁlylng t he
bl ood to aimt @etud&, epedditice tcgiﬁlaglbﬁt‘hbeuhancmg moleculs, at least one of collagen and

fibronectin.

15 There is also provided, in accordance with an embodiment of the present
invéntion, 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 a period lasting between 1 and 5 days in a culture
medivm including up to 5% serum; and

20 identifying progenitor cells in the cultured cells.

There is also provided, in accordance with an embodiment of the present
iﬁvention, a method for nse 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 between 1 and 5 days in a cullure
25  medivm 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% serom.

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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In an enbodi ment, applying the blood to the gradi ent includes applying the
blood to a Pereoll-like gradient. There is also provided, in accordance
wi th an enbodi nent of the present 20 invention, a nethod for use with
extracted bl ood, including: applying blood to a gradient to select cells
having a desired density range; culturing the selected cells for a period
| asting between 3 and 30 days on a surface including autol ogous pl asng,;
and identifying progenitor cells in the cultured cells. 25 There is al so
provi ded, in accordance with an enbodi mrent of the present invention, a
met hod for use iufidy eemwrsaﬁxhﬁm&)b@md,, culit@doudi RgectedRpllsyin Aguldirooedito a
gradient to se ect ¢ havi ng a desired density range; culturing the
sel ected céP?%‘%ﬂb§t§ﬁﬂié & hcl udi ng an antibody; and identifying
progeni tor cel | suiiy 4 High-euhrh time gherdeel tifturiBbihe seleuedertoitiamehdrg medibtour i ng

i ncl udes Cul%ﬂ&ﬂ%@g%%g@moﬁe‘ﬁﬂﬂn% e %%%%gpe when the surface is coated

wth autoloaous culturing includes culturing the
cells onsthe sumkmm@mgwhgmnmhamsguméaﬂmmﬂsdboated with at | east one plasna
selected fromthe list consisting of. allogeneic 5 plasma and xenogeneic
pl asma. There i $ @l gobodinenl, deltiing thegebotuiang e o shruartirentssdd ekeesof t he

present i né{?rg‘gﬂgqge cofts TBLARG hRAIHS clmlﬁg\]\peté%ﬁasgﬁﬁg bl ood, incl uding:

appl ying blo to a gradient to select ce aving a desi r ed density

range; cul turi pgad é]ﬁbo%lﬁﬁc%@ tcsﬂu &ﬁ tﬂosceﬁgﬁdxﬁmg ‘ﬂ!{efléﬁ%eﬂuﬂpt HOpdNGd dhcludes
growt h- enhanci ng ol ecul e er than collagen or fibronectin; and

i denti fyi ngFubtdigehs ¢d 1 mc?eql“’[‘%“ fT?’P %JH%IBEITF“FHPF ed cells. In an enbodi nent,
culturln the cells includes cult he cells on a,surface that

i ncl ude% in adgf‘t“%‘aﬁ CtdBm’t“ﬁé?“I@Ur”cB\%t ﬂ%él’ﬁ@ﬁr%“%ﬁgwm ne ‘?loﬁén% “one of :
col I agen angitufiigahosse tdr 8 duhBonldteesvetis] aldsodaps. ovi ded, in accordance with an
enbodi nent of the present invention, a nmethod for use with extracted

bl ood, i ncl udi n@s an embodiment, culiuring the cells during the high-serum time period includes

cufturing 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 18

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

There is also provided, in accordance with an embodiment of the present
invention, a methbd for use with extracted blood, including:
20 applying blood to a gradient to 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
ceils under non-hypoxic conditions; and

25 identifying progenitor cells in the culfured 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 peried.



applying blood to a gradient to select cells having a desired density
range; culturing the selected cells a period |asting between | and 5 days
inaculture nmediumincluding up to 5% serum and 20 identifying
progenitor cells in the cultured cells. There is also provided, in
accordance wth an enbodi nent of the present invention, a nethod for use
with extracted blood, including: applying blood to a gradient to sel ect
cells having a desired density range; culturing the selected cells for a
period | asting between 1 and 5 days in a culture 25 nedium i ncluding
greater than 10&68ﬁmumwhaad itgeintpbiiy | g mmﬂg@@ﬂdﬁnmqeﬁhﬁ are Withén eul tured
cells. In a di ment t el ncl udes. tur he cells
in a culturgmnﬁ% PP TISE I P%%§S Q%EFE% ﬁﬁﬁw Fﬁﬁgﬁ%h e?% a %% provi ded,
i N accor dahgmxw ¢dndainneintlodhs metdringfihé bcéispméeawdmpom@ﬁbu@m&ﬂtim% a lastnet hod f or

use with e ijng: applying blood to a gradient to sel ect
cells haV|E%éég%@ﬁ??ég%gh%hmgbmghnge 36 during a lowserumtinme period,

cul turi g the Sgl 8Ll BELLS dedochl U SuBHbUMLNEkY! A9 1§59 ot han 10%

serum during serumtime perio sel ecte ceIIs in a
culture rreGPU‘mﬂglimﬂ prtiof desip lestethan BA s a@hwmlem@ulﬁ@%stb@ aeHs WA 5

i denti fyi ngﬁwxqg&aumﬁs eehdes chfauﬁn@em& Wit 4h&d h%XI§c011hmo§@fo%abfaggt@ent
culturing the cel during the | owserumtine period includes culturing

the cel | s iPAuabetieens Esiiwddamanhe lasidivadaap! the CQ%T@éﬁlWeTP(ﬁi an enbodi ment ,
culturing the cells durjng the | owserumtine perlod |ncludes [%%Iturlng
the cells in a %‘b?‘ljﬁWP?‘%‘Bc"é’u‘fl ting Hedielinndey hyppxigncondbigns Reft ol t uri ng

the celilps qhubi BGulalile RWeBamdENdoh MPpdrS dod@ltibiicl udes  cul turing the cells
for a duration of between 1 and 5 days. In an enbodi nent, culturing the

cells during th& i ghbsBnenmn <td1mﬂngoerciaaﬁs unet heesic ambitiond isgpetfosnael | s for a

gﬂ; ?‘ngo?hgff?lpetngvgcfuqﬁjil?%alﬁ‘swgé}mca %nomhypomc conml%gsl ment, culturing the cells

There is also provided, in accordance with an embodiment of the present
invention, a method for use with extracted blood, including:
i5 applying biood to a gradient o 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 hypercapric 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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15 perforned prior to culturing the cells during the high-serumtine
period. In an enbodi nent, culturing the cells during the | owserumtine
period is performed followng culturing the cells during the high-serum
time period. There is also provided, in accordance with an enbodi nent of
the present invention, a nethod for use with extracted bl ood, including:
20 applying blood to a gradient to select cells having a desired density
range; during a hypoxic tinme period lasting at |least 2 hours, culturing the
sel ected cells wunder hypoxic conditions; during a non-hypoxic tine period

lasting at nl8a&bnil cOMions Wchibbd AButRanS e Gh@d hyealapic wideionndminBy poxi ¢
condi tions; and 25 |dent|fytng_pro enitor cells in the cultured cells. In

an embodi néntst HHBYhEsb G AR poxi ¢ ti me-periods are within a
culturing tinme period |l asti | ess _t.han 30 .day: wherein. culturing the
der "yl S reaart FORSST AR L aRL RO RTR D TeRar 2 GRE

cel |l s under arrng _ s under hypoxic
condi ti ons achuftinilg @né péritl lastinlethaiim Bf ddyhend wthersim ogfutiientbe pakivgéer 37 I n an

enbodi ngnt, the hypoxi.c and non-hypoxic t.i ne-per;i( r Ik

Ul tur i g EYHETBEr T aReT i GLtRngh o B A R G M 8, g the
cel | s undercastiyipmxd etoendifitst srsiajsrol adestveulayueftrputt@mediata ssrigthder  hypoxi c
conditions during a last two days of the culturing tinme period. 5 In an
enbodi nent, t helthgpontodinamt cviowiah§ip sxiscundpmiyPReIPRis Fendl@s i ReffPrmsd

cul turing %ﬂﬁﬁvggﬁ&ggtﬁﬂ%hgngggﬁ%g%%ﬁgnggmggxﬁﬁ and wherein culturing the

cells unde poxi c “conditions In s culturing the cells under hypoxic

condi tions for gf.] &AxMdirdent, ROHES BRIWREMAS: fybESipnlcwandiays igfuifomddast two
days of the culturing tinme _period. In an enbodi.nent, culturing the cells

under hifpoxXPlovdanenliviande pals gader B B@e I TIPS %o cul turing the cells
ypaxi ¢ coneh (1 GRECT B ey POTHE ™ BTN G Burt aPROEEe e bt 2 Ehder
non- hypoxi Gne&anel, bin@fisd fdives it &uabtedbipsdctiéthg: i n accordance with an
grgggl, n?zfﬂ SLI }[,] ggpii?glge gl%glé to al g?z;é?egg tlo(gcgéct %el 5 td\blgg a ERE dediey é%gigr E;r act ed
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 derivative,
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 giml.

Tn 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 extracied stem cells, including:
30 applying tissue including the stem cells to a gradient to select cells having a first

desired density range;
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15 applying 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 tine
period characterized by a CO2 |evel of greater than 5% during a

non- hypercapnic tinme period |asting at |least 1 day, culturing the selected
20 cells under non-hypercapnic conditions, the non-hypercapnic tinme period
characterized by a CO2 level of less than or equal to 5% and identifying
progenitor cells in the cultured cells. In an enbodi nent, the nethod

i ncl udes setti ngheichendCR hevet ducdlngatine 2 bycpet depmi alebdityerapgr itgd to be at
| east 6% 25.1n an enbodi t, the hypercapnic naon- hypercapni ¢

ti me- peri O(f‘sﬁt%%né%sf? ftﬁ‘gcegggoﬁl‘itpﬁlrl?edr% 5¥’$$f*r%‘”%@r% agggﬁg?/tsi arlllg | ess than 30 days,
and wher ei n cul tdentifpigg plgeddel tedls nbeeultufeyt petscapni ¢ condi tions i ncl udes
culturing the cells under hypercapnic conditions durin a first two days
of the cul turin§ & embogeranbdpplying the tisywb outiudenapplvingamijliset waphloed nd
non-hyp%rcqﬂﬂ%gﬁ&ﬁne-periods are within 30 a culturing tine period |asting
| ess than 30 days, and wherein culturing the cells under 38 hypercapnic
condi tions i ncl yagse Galaiitnt ROpILAS nealhi HAHEL aPMﬁﬁﬁ eRPRbSic €aRdbkleons during
a last two days of the culturing tine period. I'n an enbodi nent, the

hyper capni ¢&#¥&-non- hypercapnic tife-periods are within a culturing tine
period | asting | ess than 30 days, and wherein culturing the cells under 5
hyper capni ¢ condi £} SRR OfER gw%%l@%ﬁ?ﬁﬁ ipRudes P “ﬁn%@h‘ﬁ&b@?é@bnie
condi ti ons dgrienait | east 2 hours between a first two days and a | ast two
days of the culturing tinme period. In an enbodinent, culturing the cells
under hyper capniic aic enthdihmensapplingehé dssoedhclhpies applitice glatentat celly tohHee cel | s
under non-h gﬁ%gapnic conditions. In an enbodinment, culturing the cells
under hyper€apni'c conditions is performed 10 followng culturing the cells
under non- hyper gapRGARM WRNRernd i fuaksS o8 PRO VIR Lhls] Rord R dance

wi th an enbodi nent of the present 1nvention, a nethod for use with
extracted bhawd. i ncluding: applying blood to a gradient to select cells

having a first desired density range; o
In an embodiment, the method 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 cells from blood.

Tn an embodiment, the method includes culturing the cells 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 at 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-
enhancing 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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culturing the selected cells in a culture nmediumincluding at | east one
agent 15 selected fromthe list consisting of: VEG-, |G, FG-

eryt hropoi etin, estrogen, an estrogen-fam |y nolecule, 17-(i-estradiol,
estrone, estriol, an estradiol derivative, estradiol valerate, estradiol
cypionate, nestranol, quinestrol, progestin, a progestin- famly nol ecul e,
progest erone, synthetic progesterone, hydroxyprogesterone caroate,

medr oxypr ogest erone acetate, a statin, sinvastatin, atorvastatin, an
anti di abetic agent, 20 and rosiglitazone; and identifying progenitor cells
in the cultureditehlgbolimean tenhodiimantycidcgheopadgénsdlatedcebh shé tisi ude
endot hel i al _ pr.ggeni.t or cel S . (EPCs) .. and wherein_ i t 1f Vil D

progeni tor %@Fﬁ%%fﬁdﬁﬁaﬁsm$%ﬁﬁtﬂIQP%BBT%%O%@@é&Oﬂ%ﬁgﬁqgh%%%?%%%?ﬁ'applying
t he bl ood telitshdacgraaghii@nt i ncl udes applying blood to 25 a gradient
suitable for selecting cells having a density less than 1.077 g/m. In an
enmbodi ment, applhyengniddindst, Sedsecwidtdeptaigeaidiledss oh pehifedeshapm Byravghbl ood to
a gradi ent suit.abl : ki l hawi . dens esl, 055 and
T 878 g, SRR el Bl B R ol et o

t he present YRR eHs indharsemggottaineibas ingudes b gpEr@gansigmderies

i ncluding: 30 applying tissue including the stein cells to a gradient to
sel ect cells havtidg & @F@ﬁ’ﬂ&é@PW@HaH%W%WRVWP&H@é§S@@*%h@?@a@? §t the
nunber of cehbigiRavi Nona, &eQAdABesidiet: AeRE fytof AOH, anl¥odyablhatstid Ng t he
selected cells for a period Tasting between 3 and 30 days; and identifying
progeni t or FHPPMECE Y cul tured cells. In an enbodi ment, applying the

ti ssue includes applying unbilical cord blood to 5 the gradient. In an
enbodi ngpt, appl yi ng t} SRUS-dAChH - }ﬂﬁwgﬁﬁ onic cells to the
gradient. In an enbodP%gﬁgPE§g§F¥?%gﬁﬁﬁ§‘??ggﬁi I'nc ugés appl ying fetal
cells to the gradient. 10 In an enbodinent, applying the Lissue(lncludes
appl yi ng pl acentipfccordiyeg with an ﬁébod@p% pEihe present inverition, @ method is provide

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 to tissue culture dishes. Cells are typically
grown for 3-30 days in an enriched culture medivm. At several time points during the
culture period, samples are taken for phenotypic assessment. Expanded cells are

20 collected 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
llustration. 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, mudatis

mutandis,
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In an enbodi ment, the nethod includes extracting the stein cells from bone
marrow. I n an enbodi nent, the nethod includes nobilizing the stein cells
frombone 15 marrow to facilitate extraction of the stein cells. In an
enbodi ment, the nethod includes extracting the stemcells fromblood. 1In
an enbodi mrent, the nmethod includes culturing the cells includes: culturing
the cells in a first container during a first portion of the period;
renoving at |east sone 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 oﬂ%bheﬂﬁanhmd;wmhemmbhmgmzreaned fromthe first

container | | n ancaod, Aok oLAC.TeIRGY o 0el udesys eaRyd Nyl Al i cast some

of the ceIIs i nc es selecti f or reanar at adhere to a surface
of the f|rg@m@@ﬁ@alWéﬁPCgﬁﬂﬁhﬂdW@@mbddﬂWEhﬁ Throvdleryles heasacomeist sonme of

the cells m%&@% @sée%ﬁ&laag sm%e LSRN o1 Idmt b@tlaﬂemmtv@@n@@e to a

surface of the first ¢tontal ner. first contai ner

i ncl ude$ oﬁKERbéﬁﬁééélWﬁ@@é@ﬁuélﬁﬂéﬁkHﬁxﬁhﬁ@ﬁdﬁﬁgﬁﬁ$W§@dkéYﬁﬁﬁﬁmﬁhere|n
culturing the-eabds in the first container includes culturing the cells in
the first container that includes the growt h-enhancing nolecule, 40 In an

enbodi ment, t hepgingné - €aaB ALY Rk hfologoRgliRaiaed fromthe |i st
consisting of. plasma, collagen, fibronectin, a growmh factor and an

anti body to a sEcenmTe’ﬁlﬂasls;urlfepeﬁeommeep,tdfrceujnﬁpaaanoﬁrrbodl ment, the second
cont ai ner includes on a surface thereof a growh- 5 enhancing nol ecul e, and
wher ei n cuIturi@gﬁmgef&éﬁr@mkﬂsmﬁeegéﬁdmdphmmiaﬁmhwdmmc$mgesmk%mhturing t he

Ce' s i t %gr%?fe%qﬁac%la%e“cﬁﬁ ﬁ%@& uée{}e aHaqfé ﬁﬁgxn%x%é\%bvzfﬁpﬂ%ﬂ&&ﬂ anol ecul e.

In mleMm I men romthe |ist
consi st i ng different muamuch@@Iplaaagenomlﬂlprbrabnemllﬂlpie figmgCloamiberf eictarecddnd an
antibody teaygtem cell surface receptor. 10 DETAI LED DESCRI PTI ON OF
ENBCDINENTSAin accordance with an enbodi ment of the present invention, a

nmethod is provi@8flct piasma 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 25pg/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 25{1g/m] Fibronectin solution in PBS,
Add 250u] Fibronectin Smg/ml to 50ml PBS
Fill each flask with 2-5ml Fibronectin 25/1g/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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for isolating, differentiating, and grow ng endot helial progenitor cells
(EPCs) from human peripheral blood. The EPCs are typically inplanted in a
patient to induce vascul ogenesis and/or angi ogenesi s and/ or
neovascul ari zation. Typically, peripheral 15 bl ood nononucl ear cells
(PBMCs) separated by a density gradient such as Ficoll are further

enri ched by one or nore other density gradients (such as Percoll, OptiPrep,
or Nycodenz), and are then allowed to adhere to tissue culture dishes.
Cells are typically grown for 3-30 days in an enriched culture nmedium At
several time poiWaskfadriwingitF#S. cul ture period, sanples are taken for
phenot ypi ¢ assessnent. Expanded cells are 20 collected and saved until

i npl ant ati on i nf&en e flpds plepem toRpsihiies of protocols are descri bed

her ehr bel ow whi ch may be used separately or in conbination, as
appropriate, i nlkEtBidarRdowieh IErBYUPTREhtooFIRFRIEHaBent i nvention. It

is to be appreciated that nu Lcal valuyes are prqvided b . of

i Ilustration and*Hgpledt ﬁf’?téﬂ%nﬁ"ﬁ% ﬁﬂ%i“’éélplﬂi}',‘m‘ffﬁ'f] “‘Hgténg@&égé'%%y, each val ue
shown is.an 25 ex sel ected froma.r e.of . values that.is within 25%
of the val ue sh%%agﬂolrgﬁrfﬁsgsr %&?pmﬁl({?%%hé‘ﬁ Ro0f ‘f%"%‘?“é@‘s"“a‘r’leﬁb&é’%%?%ybed with a
hi gh | evel Ioforsibedif ofcel yrepaatpar son of ordinary skill in the art wll
appreciate that other steps may be perfornmed, inutatis inutandis. 41
Protocol for ti §oudlasglwithidbrdiestin.eodestuigd BuEtagipleel. cont ai ners, such as
culture dishes, may be coated with one or a conbination of

EPC- gr owt h- enhafegberg 2frll € dHedsl AntheDibiodutioh &sPay conprise antibodies to
progenitor cell surface receptors such as CD34, CD133, Tie-2, VEGFR-2 5
(KDR), CD144 or A8[ldbtpesCRIEAmgs (DISmIVBEF, FGF, | GF, or platel et-derived
grow h factor %PDGF). Exampl e 1: Coating T-75 flasks w th autol ogous

pl asma 1%or 20 Tilbegck flagkpdih Sppt ayit-R3HH9"Re day of cell preparation Coating
of T-75 Flasks surface with the plasma can be done using autol ogous 10

pl asma renmoved #‘iﬁﬁ?ﬁt‘%‘f‘fég\f&@ﬁﬁrq PW@‘G“%I}%‘S%Q' sanple, or alternatively, with
lasma froma different, spurce, such as plasma commercially available from
IOChen‘i con of Terrg‘@ﬂ’ld]éﬁw m&?‘&ﬁ%ﬁmén‘ P Y

Wash flask twice in PBS.
Flasks are ready for use.
15

Cell Preparation

-Mix the blood by gently flipping the blood bag up and down.

Transfer blood from bag into a sterile 500ml bottle.

Load blood onto a Ficoll gradient.

20 Fill tubes with blood up to 50ml,

Spin the-tubes for 20 minutes at 1050g at room temperature with no brake.
Coilect 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 cach PBMC to a new 50ml tube, pre-filled with 15-20 mi of PBS.

25 Adjust volume to 30ml per tube using PBS.
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Coll ect plasma fromthe upper fraction of Ficoll tubes Fill each flask
wth 2-5 mM plasma. 15 Incubate at 37C for at least 30 mn. Discard

pl asma. Wash flask twice in 10m PBS. Flasks are ready for use. Exanple 2:
Coating T-75 flasks with 25g/ni|l Fibronectin: 20 For 20 T-75 fl asks:
Prepare (a) on the day of cell preparation, or (b) one day before the day
of cell preparation. Prepare 50 ml of 25g/m Fibronectin solution in PBS.
Add 2501 Fibronectin 5mg/m to 50m PBS Fill each flask with 2-5ml

Fi bronectin 25ug/m . 25 Incubate at 37C for at |east 30mn. é:{)l | ect

Fi bronectin sol Siik dwbes Fobrl§rasiwich % Gi80%,i ¥nogantepecRrBG g $59% $Ped in
sterile 50 %l)ell dipe at 4C typically for up to 1. week. 42 Wash flask
twice in PBS 1keep dry flasks at roomtenperature. Dried flasks can be

saved for one weglqyalix CQPBIbEAP &I-akptne witlkT)smi BRaMpl e 3: Coating T-75 flasks
wi th Fibronectin and 5ghnl anti-CD34: 5 For 20 T-75 fl asks; Prepare (a) on

the day of cell cphspamatcomnts of cvel)foanabadayo ohesbme tbhemd il tht tde| |

pr epar at i on. t f] with Fibronectin, as described in Exanple 1.
Pr epar e 25 %tgg(?mkﬁytﬁginti -CD34 solution in PBS. Add 125t anti-CD34

| mg/mM to 25nm (I?r%kal% e,FiII each flask with 5ml anti-CD34 5g/m . |ncubate
for 2h at 37C of “oVEF i ght at 4C. Wthdraw anti body sol ution. Wash fl ask

twice in PBS. (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 ml solution of 0.5%
10 human or bovine serum albumin, 0.8% NaCl, 10 mM Hepes, 1 mM EDTA (buffered to
pH 7.4) with (i) 11 ml mixture of 10 ml OptiPrep solution + 5 ml solution of 0.5%
human or bovine serum albumin, 0.8% NaCl, 10 mM Hepes, I mM EDTA {buffered to
pH 7.4).

Mix together: (a) 10 ml cclls 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 mi solution of 0.5%

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

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

Coliect the isolated cells from the interface between the gradient and solution of
0.5% bovine serum albamin, 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 ml culture 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 ml tube:

13.5 ml Percolt (Amersham)
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Fl asks are ready for use. 15 Cell Preparation Mx the blood by gently
flipping the blood bag up and down. Transfer blood frombag into a sterile
500m bottle. Load blood onto a Ficoll gradient. 20 Fill tubes with blood
up to 50mL. Spin the tubes for 20 m nutes at 1050g at roomtenperature with
no brake. Collect nost of the plasma fromthe upper layer in enpty 50 nil
tubes. Collect the white blood cell ring (e.g., the PBMO) fraction from
every tube. Transfer each PBMC to a new 50m tube, pre-filled with 15-20
m of PBS. 25 Adjust volunme to 30nl per tube using PBS. 43 Spin tubes for
15 m nutes at 580g, at room tenpei MM Bpinadehodifisamnd t he supernatant.
Gently mx cell pellet and re-suspend with 1-5nm PBS. Conbi ne the contents
of every four tubes into one 50mil0t Gk s sahckohutibh t hat tube 5 up to 50 i
with PBS. For exanple: (1) Prepare OptiPrep gradient of 1.072 g/m. For 36
M Opti Prep grafeetifuget0 mno7 24490 M2 Athepidrekey medieAengdd 01010729/ M by ni xi ng
together: (i) 25 m solution of 0.5% 10 human or bovi ne serum al bum n,
0.8% NaCl, 10 nivFilBpeske hogdiphont plohis i cbhorggdies yeady togss B¢ i ) 11

m xture of 10 nj tiPren solution + 5 m solutign of 0.5% hunman or

bovi ne serum al El]?‘r’%e Sb@?‘@&? to Topigt GeppTideasE attli4 "E%)Tf&pf(l%ﬁﬁfhéf to pH
7.4). MXx toageibeidl gallenl0 M cells derived fromthe Cell Preparation steps
described 15 above, with (b) 10 m m xture of 10 nil OptiPrep solution + 5
m sol uti on of CeffGughilimam A0y witBowgéraltes. al bumi n, 0.8% NaCl, 10 nM Hepes,
1 mM EDTA (buffered to pH 7.4).

Collect enriched PBMCs and transfer into a 50 ml tube.
Fill the tube with PBS, centrifuge 10 min at 300 % g.

10 Resuspend in 50 ml PBS, centrifuge 10 min at 200 x g.
Resuspend in 50 ml PBS, centrifuge 10 min at 200 x g.

Take a 50ut sample for ceil counting.

Serum Preparation

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 1.2ml 0.8M CaClh2HpC or any other

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

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

Collect the serum in a new tube. Do not allow the clot to mix with the serum.
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Place on top of the mxture of (a) and (b) 20 nil of the Opti Prep gradient
of 1.072 g/m prepared in steps (i) and (ii), and place on top of this 1.5
m solution of 0.5% 20 human or bovine serum al bumn, 0.8% NaC, 10 mV
Hepes, 1 nM EDTA (buffered to pH 7.4). Centrifuge 30 m nutes at 700g,

e.g., at roomtenperature or 4C, wth no brake. Collect the isolated cells
fromthe interface between the gradient and solution of 0.5% bovine serum
al bumn, 0.8% NaCl, 10 nM Hepes, 1 mM EDTA, pH 7.4. 25 Centrifuge 10

m nutes at 395g, at roomtenperature. Discard supernatant and re-suspend
pellet in 10 m Usubdlitced sethudm mediid) pRRpapaneoRgigtal dnd grvadi exrCfuati cel |
density of 1.060-1.068 g/nl. For exanple, for 30m continuous Percol
gradient preparation mx in 50 m tube: 13.5 nm Percoll (Amersham 44 15.0
m MEM Spi nner nodification 1.5 m | Ox Earle's salts solution Centrifuge

10 min at 14000 %@ ut brakes in a fixed angle rotor. Carefully take
t he gradient ouf“ﬁfjﬁ%ggg tor. The gradient is ready to use now. 5 The tube

shoul d he able bR fe&uSieEHAES bILSRS T ] Qo6 9- Apply all the cells
on the Percoll graélent &%ntrliugg'B ﬁ?%uaégﬁo% X g W thout brakes.

Col l ect enric hegﬂrfaEBWGSillaﬁ&sﬂaK( anstebt 200 0r @19 Qe LWRETE cgﬁthxhlntr eyt ube with

PBS, centrlfggg | n at 300 x %8 10 Resuspend in 50 nil PBS, centrlfuge
10 min at 28 amiy ¥ EREHRH ?ﬂ O m  PBS, centrlfuge 10 min at 200 x g.
Take a 50I sanpl e Pr epar at.i on Serun1can be
obt ai ned direct ﬁﬁ%wgﬁéréﬁP%gm g 5; BEFTHPHLERIOBHF the 15 clot”

serum, or prep 'E)L%g ciemﬁ%}a@ e??&(ﬁ%l&e(ﬁ&dfé G ﬁ'ld[ Pmmbl!hggenﬁpfﬁ tq{l)elat g p\M th an

ant i CO&gU' ant . on (%l serum rom re-treated
with anl0 -upper and lowcx chamboers,

If fewer than 10 cells are counted, make 1:2 dilution by fransfer of 50ul of cells
sample to 50ul TB.

If more than 200 cells are counted, make 1:25 dilution by transfer of 20ul of 1:5

suspensions to one TB-confaining well, and mix gently by pipetting up and down.

15 | Caleulate cell number for each chamber according to the following equation:
No. of viable cells x 10,000 x Dilution factor = No. of viable cells /mi
No. of dead cells x 10,000 x Dilution factor = No. of dead celis /ml
% Dead cells =No. of Dead cells/(No. of Viable cells + No, of Dead cells) x 100
% of dead cells should not typicalty exceed 30%.

20 Calculate average cell number,
Record counting results.

Summarize final cell numbers and yield of cells/ml blood,

Medinm Preparation

25 Calculate the volume of needed medium
Prepare cultire medium.

Medium should contain 1-20% autologous serum.
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anti coagul ant: Take plasma that was collected fromthe upper fraction of
Ficoll tubes (See 20 above description of Cell Preparation). For each 50m
pl asma, add 1.2ml O SM CaCl221 120 or any other chem cal/bi ol ogi cal
clotting inducer such as Cal cium Chl oride, Thronboplastin, Thronbin

agoni st peptides or others, in order to catalyze the clotting nmechani sm

I ncubate for 0.5-4 lus at 37C. 25 Spin coagul ated plasma for 10 m nutes at
3500g. Collect the serumin a new tube. Do not allowthe clot to mx with
the serum 45 Use collected serumfor nedium preparation, or aliquot and
save at -20C unthtdiurisen &eataln mmiionrglg‘Sa&&memﬁiml vdrowy cBentpliadsest wi t h 50l

Sanpro o oncii EoRemnngedarnobiei A eur e RO PRI NS ana” down.

Load | 01 of l@ﬂnl;mt)ad?ﬂfeld oogtnd EEGH (0F-20 lng/nﬁ) pﬁapﬁniﬁr‘isl{mfmhﬁlrm:fgetemrret er.

Count cl ear e central 25
squar es of fni%}{’mﬁ C?B}thgjs OPQ%FH & % AWS&%@?“& m‘ﬁ?nq{@éﬁa A RE R s are
count ed, 5make cdr.tn%pddjdhigtrh@dmﬂa)stztulilazlitﬁéceres of 3. B A 9itinGRIdog g/ 81 NPk RaleG: 5011B. | f
nor e t han 2000 [ IIs ar countﬁg make 1:25 dilution by transfer of 201 of
1:5 suspen&iBfid®oRoHeiEamRnE o %H%(ml?gaw‘éfrr|ster%aowosaﬁ°g%ﬁfe Py 2BySIEFRt ti ng up
and down. 1f. gcalmﬂ &tredisleR2120000Eh8 ahOb RERhiCHATHRIAGGRS HbM@ng/aN! he
fO||OWIngegqlé1 g Noﬁo V|ablecellsx100 X Dilution factor = No.
of viable cBIYSMPRAtiqS el dead cells x 10,000 x Dilution factor = No. of
dead cells /nil . of Viable cells + No.
o Becd co 19 HE Bt RLTa e Rl dRAGHE ke Hothiontine SReSui®ine, 20
Cal cul atlé averagesites) kxautie effect Re elerding GGt blogl leedul Tisus, applying such

molecules or any combination thereof cau increase the yield of the production or the
differentiation of the progenitors into EPCs in vitro, particularly when cells from

peripheral blood are subjected to their effects.

Example for Low % Serum Medium

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

20 Example 1 for Hl_‘g]z % Serum Medium
For 100m] medium add: |
21 of VEGF 100ug/ml (final concentration of 101g/ml)
1001l of Heparin 5000U/m! (final concentration of 5U/ml)
20ml Autologous Serum

25 79.9ml serum-free medium

FExample 2 for High % Serum Medium

For 100ml medium add:
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Summarize final cell nunbers and yield of cells/m blood. Medium
Preparation 25 Cal cul ate the volune of needed nmedium Prepare culture

medi um Medi um shoul d contain 1-20% aut ol ogous serum 46 Medi um can
contain the follow ng additives in various concentrations of O0.5pg/m - 1
ng/m, or 1 ng/m - 100g/m, for exanple, EPO (0.01-10 U m), 1G (1-
100ng/nil), FGF 10-100ng/mM, VEGF (0.5-20 ng/m) ; Heparin 5-100 1U m;

di fferent nol ecul es depends on their weight and the desired nolarity can
range frompg- .ig, or 5 the corresponding nolarity: Statin nolecules (e.qg.
si mvast atin 5- 500 @/MHGE 108mg/mii{fableonentragent $0/(eémly. , Rosi gl it azone 5-500
ghnl), and/or steroid hornones such as an estrogen (e.g., 17-p-estradiol
(2-2000ng/ m) ahtlud optenyen 90U (fnalspurgrisatior oF8Y/2D2000ng/ m ),  and

conbi nations thereof. It is hypothesized that the steroid reproductive
syst em hor nones *ePigrosestapieogisial (g caprgntntionetd-Hséilexert their effect by
el evati ng EPC bIgoﬁAuﬁygls Thus, applying such nol ecules or any

conbi nation t he? &8F E4RETREFE¥se the yield of the production or the

differentiation rogeni.tors into EPCs in vitro, particularly when
cells from per?% E%%ﬁmgF%%Hm%¥% subjected to their effects. Exanple for
Low % Serum Medi um 15 For 100m nedium add: 21 of VEGF 100jig/m (fina
concentration of 10g/m) 1001 of Heparin 5000U/m (final concentration of

S5Unil) 5m Aukg) U8, Be UM, Wl ser um free medi um 20 Exanple 1 for
Hi gh %)Serun1Nbdid%?ngig%%On1 n%diu#1add: 21 of VEGF 100g/m (final

concentration ofor@ghddiud@@: of Heparin 5000U/m (final concentration of
5Unm) 20nl Autol ogous Serum
5ul of VEGF 100pg/ml (final concentration of 10ug/mi)

10 100p1 of Heparin 5000U/mt (final concentration of 5U/ml)
4ul of 17-B-Estradiol 0.05mg/ml (final concentration of ¢,002g/ml)
10m] Autologous Serum

£9.9ml serum-free medium

15 Example 3 for High % Serum Medium
For 100ml medium add:
3pl of VEGF 100pg/ml (final concentration of 10pg/ml)
100p1 of Heparin 50000U/ml (final concentration of 5U/ml)
4l of Progesterone 0.05mg/ml (final concentration of 0.002pg/ml)
20 411 of 17-B-Estradiol 0.005mg/ml (final concentration of 0.0002pg/ml)
10ml Autologous Serum

89.9m! serum-free medium

Example 4 for High % Serum Medium

25 For 100ml medium add:
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25 79.9ml serumfree nedium Exanple 2 for Hi gh % Serum Medi um For 100m
medi um add: 47 51 of VEGF 100gghnl (final concentration of 10g/m) | 001 of
Heparin 50000/ m (final concentration of 5U/m) 4l of Progesterone 5nmg/ m
(final concentration of 0.2g/m) 10m Autol ogous Serum5 89.9m serumfree
medi um Exanple 3 for H gh % Serum Medium For 100m nedi um add: 51Al of
VEGF 100g/m (final concentration of 10g/nil) 10 100l of Heparin 5000U/ m
(final concentration of 5U nl) 4pl of 17-(3-Estradiol 0.05nmg/m (final
concentration of 0.002g/m ) 10m Autol ogous Serum 89.9nml serumfree nmedi um
15 Exanpl e 3 fo2uHfGE®® Dongmm Vedi wmenfr@fonb®oylg/medi um add: 51 of VEGF
100g/ M (final concentration of 10g/m) 1001 of Heparin 50000/ m (final
concentration ofi0GBULAIypadh SHFOUPNRIYfed teremention 665tM (i nal concentration
of 0.002g9/m ) 20 4l of 17-(3-Estradiol 0.005ng/m (final concentration of
0.0002g/ m)  10A/EHAGf Hwepiis ST 8D GrdnisBerhilf%el) nedi um Exanpl e 4 for
H gh % Serum I\/egi um 25 For 100nml nedi um add: 48 2pl of VEGF 100g/ m

(final concentr AtFonielPeHOgrME) 1001 of Heparin 50000/ ni (fi nal

gogg&nt rsatl on OE9.§1%{srgn)m-frg{33norg'dh?nf1 Simvastatin 570M (final concentration of

Culturing

Split cells from the combined cell suspension.

‘Spin tubes for 15 minutes at 500g, room temperature, discard the supernatant:

10 Gently mix cell pellet and re-suspend cells to 5-50x1 06/m1.
G
Seed 1-5x10° cells/ml.

Incnbate flasks at 37°C, 5% CO».

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

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

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

mncubated 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 medium.

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)
mcubation in serum-free medium is carried out (i) before the incubation i the 0.5%-5%
serumn medium, (if) between the incubation in the medium comprising 0.5%-5% serwm

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

high-serum medium.

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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| O Autol ogous Serum5 89.6nl serumfree nmedium Culturing Split cells
fromthe conbined cell suspension. 'Spin tubes for 15 m nutes at 500g, room
tenperature, discard the supernatant. 10 Gently mx cell pellet and
re-suspend cells to 5-50x1061nl. Seed 1-5x106 cells/m . Incubate flasks at
37C, 5% CX2. Incubate cells in mediumcontaining | ow serumlevels (e.g., up
to 5% . Alternatively or additionally, use high (>10% serumlevels. 15 In
accordance with an enbodi nent of the present invention, the cells are

i ncubated in | owserum nmediumprior to being incubated in high-serum

medi um  Al(idrtraki teliyoubdthe it gk higheemm melibabeiihé mellgies mrthmmeddi um

foll owi ng heing. i bat ed. | iah-ser medi U accardapce . w.th an
enbodi nment QS%%% 1r|1“’ng'(é%%a?a}it(’o%ninpri %%Pu@ﬁc%e%ﬁ tg%} nlgaugj‘fltg’d}e &23105&%%%1 is

carri ed outneasore i ncubation in high-serum medi um (>10% serun), and (b)
incubation in serumfree mediumis carried out (i) before the incubation in
the 0.5% 5% selu pe@pdirent( jtgcinigeswissnibeh deraic it rearect /P 2ol um

conpri sisng QaR% 2YeSEIWN udpdetderldifddati on in the hi gh-serum nedi um
and/or (iii) followng the incubation in the high-serumnmedium 25

Al ter ][lati vely, h&)aaée@gxﬂaﬁgiérﬁ@di cﬂfféf&diaﬁc_ﬁﬁ SR 1;'8@'» ago&aiﬂé&@ﬁ%gwm)mfi’s ct:)ar ried
out after incubation in high-serum medi um (> seru i_ncubation
in serum fﬂ?eecé’ﬁﬁ’élHF%Fﬁ}WBO}E' & ?‘&&YB%WP’@P)(H@‘]&|f?1'&7\i%}g°”f¥£2"?%gﬂﬁggﬁéﬁ in the

0. 5% 5% semnus,mAcUT houdd (Hid )5 deat weeh hhe tinks ubaitf-@at pdintt Aeridy gh- serum

nmedi um and the, i ngubation in the dium conprising 0.5% 5% serum and/ or
(iii) befor¥FhE %8&%%?%ﬁ S?‘le’]’?ﬁgl’%ﬁégwf’ BPee digum In an enbodi nent,

t echni gqyes desc it?_d erein.Wth respect to |ow seru ) . jum are carried
out usi o ser - Py oangial ¥ b CRREE b Bl R R R P on
cells may bepcobpeh ndds oy @xposation o0, that is greater than 5%.

After the first three days of culture, the cells are grown in a medium 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. Collect cells in 50 ml tubes.
2. Fill every flask with 5ml fresh mediom.
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 flaslk.

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

25 1. Tollow and record culture morphology whenever culture is treated.

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

and end of the procedure, and every 10 days during the culfwre period.



the cell culture to hypoxia and/or hypereapnia (13/13) for 2-12 hours,
12-24 hours, 24-36 hours, or 36-48 hours. This is done one or nore tines
at different points during cell culturing. (See below for a sanple applied
hypoxi a protocol.) 10 In the context of the present patent application and
in the clains, the term hypereapnia refers to a concentration of CO2 that
is greater than 5% After the first three days of culture, the cells are
grown in a mediumcontaining high levels of serum(e.g., >10%.

Exam nati ons of culture norphol ogy are perfornmed. 15 Refreshnment of nedi um
is perforned &ndey - @lidaysclls Foe sestambklew, Widivcte! dscells dorckdred in T-75
Fl asks: 1. Cgllegtycells in 50 m tubes. 2. Fill every flask with 5ml
fresh nmedium 3. Sb%n tubes for 10 m nutes at 450g, room tenperature,

di scard the SUp@ﬁBﬁ&ﬁ@ﬁmxm%Qd$1hﬁﬁﬂu!%hﬁiX cell pellet and resuspend cells

in 51nl fresh nedium per fTlask. b. 5m of cell suspension to every

flask. 6. Sanpl @o€@eSaphBdatibds HRAERNGEmACE 'aﬂ@-tﬂi@ﬁrcﬁﬁ%ﬂom P LbilsNfa ACS)
and/ or nohl t ol ogi cal__anal ysis every exanpl €, on days 6,

a
9, 13, I A2y CAPFUSPf t‘“’z‘%h Yrlogiey Iobor 8 et é‘éé]’ﬂﬂ’x&ﬂotl@ﬂﬂ@sr%g phol ogy
whenever cui ur &-i5% bygai)emhd/oB fo Sﬁf@ddﬁm@%bﬁd{lﬂic@m negdi wmoby o, groms iy di shes
for sterlll&% Hgﬁts at the Egg%nnl?% end of the procedure, and every
10 days dur PHEPRSICF PLPEe d Wnbpm%‘ilqﬂééf’e“aquﬁm’&ﬂ tured cells (See
section bel ow, %S ction of cells for FACS staining”). Applied hypoxia
and/ or hypercapnla Fsome applications, increased expansion and
differentiationq~pf b xposure of th I
culture, for 2- hgﬁérgtsd%a%%lm? mguobﬁ{ ??’Sn%“%s 9.1 Y Ses Or Og dj15%
oxygen)”bndmﬁﬁm®b ﬁ?ﬁ@?@%ﬁﬁlm€®@mdﬂﬁﬁbm§kﬁemghyCS&LO&&EM@@ntJQm@mIs
typically dgpesQpe: 04% n’g)d;%emtgla/gmﬁ)%)aguﬂhg Rt SV ROl Ph Fo FULRI REGb e

culturing. For exa
the flasks ﬁom thc 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, ceils are cultured in hypercapnic conditions prior to being
cultwred 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 cells may be

25  achieved by re-seeding collected cells on new pre-coated dishes in coliure 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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On the first day of culture, incubate T-75 flasks in an oxygen controlled
10 i ncubator. Set the oxygen pressure at 5% and/or set the CO2
concentration to greater than 5% (e.g., 6%- 8% or 8%- 10%, and
maintain it at this level for 6 hours. Renove the flasks fromthe

i ncubat or and exam ne the culture. Take a sanple of cells and test
viability by Trypan blue exclusion nethod. Set the oxygen pressure of the

i ncubator at 21% and/or set the CO2 concentration to 5% Re-insert the
flasks into the incubator and 15 continue incubation for the rest of the
peri od. Thirstrgshmewdusuel icanctive, andpefivie dytothary), e xgnpitele, sniceribedveek duri ng
the culturg.period and/or within 24, 48, or 72 hours before term nation of
the culture. I'n an enbodi nment, cells are cultured in hypercapnic conditions

prior to being Tml%wdel@ c'aﬁ‘ b@Ber?o'?ﬁﬁlec{ %@{ﬁphmgfg tte]eaﬁmﬁegﬁ&o%m?&wmﬁ 0 5% CC2.
Alternatively or 20 additionally, are-culture n hyper capnic
condi t i ons24-3f1 BwR ﬁ@‘“ﬁ)b@fﬁgi%ﬂwﬁmﬂéﬁﬂtwume envi ronment of 1|ess than or

equal tao 5% CO2. Reseedi ng of adherent and/or detached and/or floatin cells
For exanpl e: Fofj—]é&w%—-é@%ﬂ cations, increased expansion and differentiation

of cells may be b reseedn collected cells on new
pre-coated di shggigb%llgﬁ}{?puinea?féﬁfvﬁﬂ?“ Iy gr i ?ﬁe?é‘lg?ez’fnéml HWGEVSSf cul ture,
col | ect al le.goumplastethnCedolise pafi&@e section below, "Collection of cells for

FACS staining.") Spin tubes for 10 m nutes at 450g, at room tenperature.
Di scard the supernatant. Then, gently mx pellet and re-suspend cells in
| Ol fresh nmedi um per fl ask. Flnally seed suspended cells in new
pre-coat ed T- 75L8kectibm akeells fon HACS séaiwing t uri ng the cells, and perform al

ot her - act|V|t|es &§ medi um 51 refreshnment, visual |nspection; and/ or
f1 ow cytlomet ry) €0 %ﬁbﬂﬁ@ﬁﬁ&$@ as described herein. This procedure can

be perforned V\B& durin ‘%ﬁt he cul ture perlod and/or within 24, 48, or 72
hours before t ey FaH Gk tRccm RirriEs viheald Py udstaghpfhsinicslly s can be

kept in a presepv. um or e n freezing buffer until use,
e.g., inplantati9d ec% 'f‘sgnf Tt CF%SHP% Fhubdl

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 5mi 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 temiperature. Re-suspend the pellet in 2-5
ml PBS.

20 Count the cells and record counting resulis.

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

operation day.

Divide equal volumes of cells to FACS.

25 FACS Staining
Wash cells with PBS.

Spin tubes for 5 minutes at 450g; 4-3°C.
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Coll ection of cells for FACS staining 10 Collect cells in 50nil tubes.
Carefully wash flask surface by pipetting wwth cold PBS, to detach adherent
cells. Collect washed adherent cells in 50m tubes. Add 5m of cold PBS.
Det ach renmai ni ng adherent cells using gentle round novenents with cel
scraper. 15 Collect the detached cells and add themto the tube. As
appropriate, add 5nml EDTA and i ncubate at 37C for 5 mnutes. Collect the
detached cells and add themto the tube. Spin tube for 5 m nutes at 450g,
roomtenperature. Re-suspend the pellet in 2-5 m PBS. 20 Count the cells
and record countichdy dssul tis suSumatmt iyzeufingiak beifrlandabytrbing remmdhdgi @ ds /
nunber of sggded cells for every operation day. Divide equal volunes of
cells to FACS. 25 FACS Staining Wash cells with PBS. Spin tubes for 5

m nut es at 4509(kﬂﬂ§g&xmﬁ%e@9tally di scard the supernatant by pouring the
buffer and absorbing remainder on tissue. Gently mx cell pellet. Add
st ai ni ng r eagentsdiacaesenBnd(QcstiRizh ﬂgnﬁ@%&% adix T okl s pellet. 5

| ncubate tubes for 15-30 mn on ice water in the dark. Wash the cells with
PBS. Spi fi tubes Ioabaibiubts it B3 (ahindD 0@, wa: 8CGhe d0kal | y di scard the
supernat ant by pouring the buffer and absorbing remainder on tissue, 10
Gently mx cel |l Vshiletcellshdich BBSn PBS per tube (or less, if tube contains

| ess than 1x106 cells).
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 peilet.
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 resuls.

i5 Colony formation test

1. Collect cultured cells. (See section, "Collection of cells for FACS st'ainin;g.")

2. Suspend 100x1073 cells in 0.7 ml enriched mediwm containing 50 ng/ml SCF, 2
1U/ml EPO, 5 ng/mi IL-3 and 25 mg/ml BTI-Endothelial cell growth supplement
(ECGS) in M1989.

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

25 5. Place both 35mm Peiri dishes in a {00mm Peiri dish containing another 35mm Petri
dish pre-filled with ddH20

6. Incubate in 37°C, 5% CO,, 97% humidity.
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| f aggregates are visible, transfer cell suspension through 200m nesh.

Read staining results using FACS nachine. Summari ze and record FACS
results. 15 Colony formation test |I. Collect cultured cells. (See section,
"Col l ection of cells for FACS staining.") 2. Suspend 100x1073 cells in 0.7
m enriched nediumcontaining 50 ng/m SCF, 2 1Um EPO 5 ng/m 1L-3 and
25 mg/ M BTl -Endothelial cell growh supplenent (ECGS) in ML99. 20 3. To a
round bottomtube add the followi ng ingredients and mx gently; 3.1.

Met hyl cel lulose 2% - 1.4 m 3.2. FCS - 0.9 m 3.3. Cell suspension 0.7nml 4.
Seed each ni xSete @igwics pird 0t!ddaBEusmgn Beeréd dicskewe (1. 5 in each). 25 5.

Pl ace both 351mm Petri dishes in a 100mm Petri dish containing anot her 35nmm
Petri dish pre-filled with ddl-120 6. Incubate in 37C, 5% CQ2, 97%

hum dity. 53 7, Score colonies after 10-14 days, using an |nverted

ni croscope Tubgﬂp‘é@m&est 1. Thaw ECMatrix at 4 C overnight. 5 2. Add
100 mcrolltegﬁ o% X de4:uent uffer to 900 mcroliters of ECMVAtrix
solution in" a &t (I:I]\{F‘tgx SYURE . ube. 3 M x gently; do not pi pette air

st or 40" ey OIS PErReB 7 bt Al s RaBi G Pom Btk ThR %,

96-wel | ti ssu@sterﬂé)lwﬁlgﬁtebfpl ate that has been pre-cooled at 4 C over night
5. Incubate at 37 Cfor at least 1 hour to allow the matrix solution to
solidify. & ¥l genl; dopupedicalr |iso theedutme tegn solr@ol pedtsi orevefd cel |'s for
FACS st ai ni NQgqiikifilatioguspend cells to 0.15x1076/m in enriched nmedi um

contai ning 10% Human serum 25 mcrograns/ m BTl -Endothelial cell growth

suppl e”?nt A EG@erafdnidrolitdsutfered ECMatrix solution to each well of a 96-well tissue
10 culture plate that has been pre-cooled at 4 C over night

5. Incubate at 37 C for at least 1 hour fo allow the matrix solution to solidify.
6. Collect cultured cells. (See section, "Collection of cells for FACS staining.")

7. Suspend cells to 0.15x10%6/ml in enriched medinm containing 10% Human serum,
25 micrograms/ml BTI-Endothelial cell growth supplement (ECGS) and 5 IU/ml
15 heparin in M199

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

polymerized ECMatrix.
9. Incubate ovex'nigllt in 37°C, 5% CO,, 97% humidity

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

- Cell Specifications

If the cells are to be transplanted into a human, then the following conditions

should typically be met:
25 (B Cells 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) elongated, spindle-shaped or fregular-shaped and/or (c)

54



15 heparin in M99 S. Pippette 150 mcroliter of cell suspension per well
onto the surface of the polynerized ECVatrix. 9. incubate overnight in
37C, 5% C02, 97% hum dity 10. Inspect tube formation under an inverted

i ght m croscope at 40X-200X 20 magnification. Cell Specifications If the
cells are to be transplanted into a human, then the follow ng conditions
should typically be net: 25 (.1) Cells should. be generally free from any
bacterial or viral contam nation. (1I) Cells should be norphol ogically
characterized as (a) larger in size than hoc tes and/ or 3 el ongat ed,
spi ndl e- shagpedaied o rdedguicieeted Haged (@nwloﬂaﬁ%l)i -like 4 gﬁ%%ﬁwfa?&&ﬂdo P48 ar k

nucl eat ed ?,51961.(( iﬂéblé{&hfk&lpél%‘dnkﬁnsﬁﬁ@ structures or pseudopodia and/or
S

(e) fibroblast e or onal 1 n shape. (II1) Final cell suspen5|on
shoul d generally c in_at |east 6 cel res ighore of
the markers: %é‘h’glﬁp Wﬂmmhn%?’% EHT3 Goﬂth & ?‘% %Dégl 3 and/ or

KDR, and/ or, L9 4R r 4 ehrangnkaci@ror and/ or
SH2 (CD105) %ﬁﬁ%ﬁg H%D&I?%Broggé?l Erlln}é%gm%?%ﬂor coiﬁl agen 0rges [, 111

and IV) 5 arﬁﬂl]?éfLDm\,/Ial(ld/wdeIﬂ, apd/ o2 DHHE I av@m\ﬂ?Db"rﬁdfwm\vaﬁlﬁ 24nd/ or
BW-R | A or &%43 I dnb/obbolRBEH @fpeft§M actin
and/ or %g%l a%‘?MPS@ CI%@? { %Cg %qg/ogﬁg?%c??c reacti cg)n %gc LDL. 10
55 Resul t s IBbediViesnd/ay I@éﬁbﬁﬂ@aﬁ@ézwltdﬁpféfﬂ)’&i pRHpsY igrninwdsy & i nvention
Exanpl e 1. rvun;RAssp. m'a%be@DM afdRES AR lﬁaraﬁ&/@xdaStMlbotinrhn&Br/MUGHSdependent
experinments using Ficoll (first pass) and ti Prep (second pass), as

descri bed @b@/vlebep%m%@mhwﬂﬁ}fﬁldf{“a’lﬁﬂ@oﬁ% Bhri chment of the percentage of
CD34+ cglls in the second-pass cells. Enrichnent is defined as the
percentage of CD34+ cells follow ng the second pass divided by the

percent age of CD34+ cells followng the first pass using OptiPrep.
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Table 1. Enrichnment of %D 34 in the Second-Pass cells r Experinent % CD34+
Cells Enrichnment nunber Factor First Pass Second Pass 1 0.2 0.49 2.5 2
<0.2 0.34 >1.7 3 <0.20.69 >3.5 4 <0.2 0.65 >3.3 5<0.20.58 2.9 6
<0.2 <0.2 7 <0.2 0.46 >2.3 10 Exanple 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 containing high
serum | evel s (>10% aut ol ogous serum or non-autol ogous serun), 1, 2, 10 or
20 ng/m  VEGF, and 5-25 Nml Heparin. Typical tribe formation inages are
presented in Figure 15 1. In these experinents conducted with human bl ood,

usi ng the prot oReduld 866G el &lacchRIABENRRIOURL o diNBAS SE %Pﬁes&ﬁmnﬁﬁi ng an

i nverted m croscope | 'Kon usSing anplrfrcatrons of x4 and
sz . Fig. | shEMn;ﬂdeeT\ﬁ/@E)mtxéowmcﬁ esEPCE oy Lintisd Uﬂﬁﬁ%cx&ﬂ%c@@f&iﬁmhmnt fi n
culture. 56 Exa et eri , i.chment o

EPCs from SERBHE? Sp%%sn& ¢ st @fessbond BRILE ForiBuing & ewﬁ?c{)a‘@ww h on

Fi bronect i keswiatiedable ¥ Showl @sikiandonof thdiperginege HEEDDF- dRginUke seamtipuii Ng

aut ol ogous r VEGE, Db-F | GE, _and k r Ow- Cy t onet per cent age
st ai ni ng regﬁsl ;Esgr P %S\Adgﬁft‘%%‘ ¥ Hl&é’ﬁléﬁtg%tolf‘gﬁgé f%rﬁ‘fdg %Segﬂﬁﬁésﬁ zed in

t he Tabl e fddridesbbatipd rerc2utagarpfChBge cdlk fidoimnbsisorauctredpifteh. human bl ood,

using the protocol described herei nabove, FACS staining results of cells
cultured in rred”alaeédﬁnmhmengoimg?ﬂi@enum%@mei—ﬁasén@ls% and 1, 2, 10, or 20

ng/ M VEGF yi gFaded—the-fohtow-ng-changes-ta-starnrng—tevels—ftremday 0 to
day 13: Tabl e if orExpyanglie 2 Enri chn®riD3f BHeond- Pass| EPBwichokitowitng
thirteen ? " ' Factor
mumber First Pass Second Pass

I 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 >33

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 separale experiments, the ability of first-pass enriched

EPCs to generate tubes was evaluated using a tube-formation test following in-vitro
growth on Fibronectin-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
VEGEF, and 5-25 TU/ml Heparin. Typical tube formation images are presented in Figure
15 L. 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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10 days of culture %stained cells on %5tained cells on day Marker dayO 13
CD45 85%98% 0 O 7.0% 39. 0% CD34 Undetectable (<1% up to 17.7% CD133
Undet ectabl e (<1% up to 6.5% KDR Undetectable (<0.5% up to 7.3% 57
Exanple 3. In a set of separate experinents, enrichnent of EPCs from
first-pass cells was evaluated following in-vitro growth on

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

aut ol ogous serum VEGF, and Heparin. Flowcytometry percentage staining
results fromindependent experinents are sumuarized in the Table 5 for
exanpl e 3. ThesBxawpbe? ilrartisolserasate oxbticeets opfiehmenustalil &1 50w secgid-ng t he

pr ot ocol CD%}%%QJ’GH@@Q NBLEL RAOVE, iBeHE oW M PRl dufAinl BReC Bl s F1RNIDI ted | ess
than 1% 4. FACS staining results of cells cultured in nedia containing
5- 20% aut ol yRieEsnesef meripmyepieigingyrutologoys sexpm, ¥ECHob-FGF, I, pidffspeIit VEGE and
5-25 U N drepayibfedl SorSHAREHARY  red S fohPd AW NepertichRecmmEkens were
anal yzed: CD45 (a pan-| ﬁocyte mar ker), the 10 stem pragenitor cell

a.p i
mar ker s "CDS4MHAGZAH tp7Tablegr PHEWEPE ShHESTeHEPPEReiAoP s eafishunss 33 KDR
]g_VEGf- R, Gléﬂsﬂéusglrtgb ﬁtbco%@edsgbeg e BofOFAEK @ﬁﬂ%@ r&%ulltﬂiﬁdeﬁ_é)hﬂfui'eﬁat i on of

I rst-pass . . ured, on 1.Drone 0I n pre-coate a n. presence
of VEGF Mark8rdiagerayae ?1%1 S@P@.le\@?%&é@ 194 lepa g@.g%%g"@f @C%swé%%m 11. 62
1.11 87 ClAelfBlidwild cthn@9 irfhdainibPk3ds BoB2aP0 4da413: KDR 1. 79 0..01.38 85

CD144 10.33 1.50 3 :
Table for example 2 Enrichment of Second-Pass EPCs following thirteen

10 days of culture

%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%
CD133 Undetectable (<1%) up to 6.5%
KDR Undetectable (<0.5%) up to 7.3%
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DI L-Ac-LDL 7.97 0.42 3 15 58 Exanple 4. In a set of separate experinents,
enri chnment of EPCs fromfirst-pass cells was evaluated followng in-vitro
growt h on autol ogous plasna-coated T-75 Flasks in the presence of nedium
cont ai ni ng aut ol ogous serum VEG- and Heparin. Flow cytonetry percentage
staining results from 17 independent experiments are sunmmarized in the 5
Tabl e for exanple 4. These experinents were conducted w th human bl ood,
using the protocol described herei nabove. Before incubation the cells
exhibited less than 1% CD34. FACS staining results of cells cultured in
medi a cont ai ni n§x@RO%lauatsel Bgepasiic epetments ypictabityp! DY) from firg-pasp0, or 20
ng/ M VEGF ) urf ace
mar ker s V\er%ﬂgﬁ% &'ézusl/ Wﬂ%e{h Qgﬁ OW@%WIJO&%H ?%qu - kgwe@zgth%

stent pr ogemlqsérc@@emdimﬁk@ﬁlglﬂ%ﬂlom SQDJL‘LVEG m@dﬂqearepﬁl%ﬁ@mm@m al cell
mar kets CDI33.and R, M- @m indd ARk E}g;cn?élﬂmle%L1zﬂrna1g&ér1§-%efdb1%at' on of
first-pass EPCs cul tured on | asna- coat | asks Marker AVG SE CD45 89. 46
1.75 CB34 fBr gampledg Th@fwﬂzpcgswelemndue@m@hzueel igodgiyusineripe protpgoly, 39 59

Exampl e 5. defbriBeRbciffoo®e BRERE BIc@RET 1B SxhiBiMd 168 ARAt o PEDERPEA dsr om
first-pass cells was evaluated following in-vitro growth on autol ogous

pl asna- coat*&dhing rpapligherls cplipredia meﬁ’ﬁé‘?@‘ﬁ’é@c&fz%%ﬂ“ﬂﬁ@@% FEEPAYPER Ut ol ogous

serum VEGHu@f @g@sroerdam@ Al Kepar idy. 5- 2§|IQWhICM&ﬁaHEta&é’319%ﬁ%& age staining
results from3 dependent e \E;érl nments are %ed in th Tabl e for
exanpl e 5. ‘fqllfé‘g’ég SNUF | HEHES Fea”éléi?ﬁﬂ‘ucq% - ‘?Fytebfl’éﬁ‘ﬂ (i ng t he

pr ot ocolg de;&@rf/prbgﬂﬂ&eéeﬂlIﬁﬂb@yQDSB@B&)C@lllﬂQiﬂ@aﬁd BrC/edveherd] |csll awhichi ted | ess

than 1% E i_n uIt S cultured in nmedia containing
5-20% aut o(ﬁ%ﬁéﬁgéz{/ﬁhi;@%%@ iﬁi 2, or 20 ng/m VEGF, 0.02-2
m crogr ant i Table for example 3. Characterization of ﬁrst—pass EPCs Cultured on

Fibronectin pre-coated flasks in the presence of VEGF

Marker Average (%) std. Error . N
CD45 89.36 0.85 83
CD34 11.62 1.11 87
CD117 7.01 1.09 45
CD133 2.85 0.46 43
KDR 1.79 0.38 85
CDi44 10,33 1.50 3
DIL~-Ac-LDL 7.97 0.42 3

15
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progesterone and 5-25 U mM Heparin are sunmari zed. The foll ow ng surface
mar kers 10 were anal yzed: CD45 (a pan-|ynphocyte marker), the

steni progenitor cell markers CD34 and CD117, and the EPC/ endothelial cell
mar kers CD133 and KDR (VEG--R). Table for exanple 5. Characterization of
first-pass EPCs cultured on plasma pre-coated flasks in the presence of
progest erone Marker AVG SE CD45 94.82 2.31 CD34 21.22 3.47 CD117 5.54
2.08 (CD133 5.72 0.47 KDR 1.05 212 60 Exanple 6. In a set of separate
experinents, enrichnment of EPCs fromfirst-pass cells was eval uated
ol R 1OLOL QD Bl ULOLAIANS RIGRIR OB hofy R Fhosks |1 (e
presence o “Nedi um contal Arm ol ogous serum VEG- a-estradi ol and
Hepari n. FIWWW@HW%EWC‘@W ggethopabiloggusmissmitcsated Bﬁf Blaplgdependent
experi ment §,Q.AL 6t ﬁy{jmfcbﬁsﬂm @uﬁot&eouréghﬂ VRGE %@ﬁ%a%nfi FiokGasndleT €
experiments conducte bl 00 usi ng the protoco] "descri bed

ber ei nabov @eIcEEIssr saining eeshlit Fem Phwdenshdost CWHTHBV*E St tueaarizethi 19 CD34.

FACS st & mmmgrf&scsathﬁ@eqf %LJ @ﬁ%éﬁ%& h&dﬂ&@d a,u;h mﬂa@mewgmﬁg 3%
aut ol ogous ser um (typi cal 2 n VEGF, 0.002- 2

, no/
mi cr ogr am FFOIA°PL (dgse %?‘Bﬂ‘b"éﬁo&%@??}“q@ﬂw *Fl’eriﬁlilﬁ frbapied §‘E?ﬁ r‘r‘éiié‘r}éed The

foll owi ng tﬁmum\@@%taﬁmm@@tswra@n@mhﬁéaeﬁlme@%‘énmmaamdwmh C%Mlse mar ker),
the stem progenitor el] kers CD34 and CD1.1 the EPC/ endot hel i al

cell mar kersgrugjtggcallér.}@‘)/ﬁm 2( ‘}/EC-T-I %8 ntr/qrxéb'\l’FeGT é\pg e‘ix.é gl epaun are
Char act er i zahnenzeaf Tﬁd fodbhwRaSsriRRGoarksd twfcafa9rkd: pipas ma p-gmgRated fl asks

I4_nlt2h8_ EGS%C%% s&ein/ %éee}lslitor 1{'30|al erg%lﬁgr aé/%rDaﬁg anE[ tthE4 é/cnd%thchalo 38 (D34

“cell markers CP133 and KDR (VEGEF-R).

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

plasma-coated flasks

Marker AVG SE

CD45 89.46 1.75
CD34 6.94 1.29
CDh1i17 4.25 0.72
CD133 2.03 0.57
KDR 1.31 0.39

55



| CDR 0.28 0.20 15 61 Exanple 7. In a set of separate experinents,

enri chnment of EPCs fromfirst-pass cells was evaluated followng in-vitro
growh on T-75 Flasks coated with plasnma and anti- CD34 antibodies in the
presence of medi um contai ni ng aut ol ogous serum VEGF and Heparin.

FI ow- cyt oneny percentage staining results from2 independent experinents 5
are presented in the Table for exanple 7. These were experinents conducted
with human bl ood, using the protocol described herei nabove. Before
incubation the cells exhibited I ess than 1% CD34. FACS staining results of

cells cultured j dia .cont n'n FACS stain S scltred
on T- 75uf I ;lé’i??pk’&aﬁﬂls%qiﬁe@”ﬁ% e>';p§ PEFH GBY Cé’mlﬁ @%ﬂd&s ﬁldjﬁ%)%g? ﬁ"ll’lcr oglrjarrg/ n
anti - human Walimemnbvang:mmlm QIiOTWgJ o ab&la’gﬁ%;ﬂast1moogo®§~7ééﬁaam iithepi cal |y

10 1, 2 [ -1 r ent ed.
0t oi | onmgss ARl ea BNl Rl Vigs, ki SRAR af AuBlif ST

mar ker), t I“iﬁoxs{cgnm;ﬂr}ogaemeﬁtnge efeinlngnmbklar @oﬁD34mlmbn®m 16k peramadist e

EPC/ endat he| . xanmple 7.
Char act gﬁf‘l Za n?naﬁ%% - hlgffg{ﬁg 5 SQB@%% %Elﬁq% BF%I( é{%ﬁrg)cmfdggtprr%%gé\ n{ﬁt i - CD34
coat ed fl asteodVasikethe @mocomesmpd }mma@msB&@eanc@atwpdhc i 4xhibiyg 1. 50 --|
CD117 0.64 1Qbs§§aan/l§%’%Q F@f&?C st%ﬁmo 1500{%€1%socu%red %m@fl@%tﬁmﬁﬂ SIZO%a set of

separate experi men enric romfirst- gass cel was
eval uat ed foldlesmimneprion (ypieally @f’/@v\/@ 2,08, @i Bresisb VERTFc Qfdédnmﬂglﬁmlfﬂﬂas ks in

the pr ese’}ﬁ X m??gﬁdﬁfnﬁ‘?@&@%pﬁh% ULOLRGeHS PR MMbwMEGRRAhHeRarin in a
hi gh %02 %n envi ronnent. Flow cytonetry percent agl st.ai ni ng
resul t s1§ r oyigrg analyzed: CD45 (a pan-lymphocyte markcz the stém/progenitor c¢ll markers

CD34 and CD117, and the EPC/endothelial cell markers CD133 and KDR (VEGE-R). -

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

plasma pre-coated fiasks in the presence of progesterone

Marker AVG SE

CD45 94.82 2.31
CD34 21.22 3.47
CD117 5.54 2.08
CD133 572 0.47
KDR 1.05 0.12
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5 i ndependent experinents are sunmarized in the Table for exanple 8. These
experinments were conducted with human bl ood, using the protocol described
her ei nabove. Before incubation the cells exhibited | ess than 1% CD34.
5-20% aut ol ogous senim (typically 1.0%, 1, 2, 10, or 20 ng/m VEGF,
0.002-2 mcrogramml 17-(3-Estradiol and 5-25 11U Heparin that were

i ncubated in 37C, 6.5 - 12.5 % CQ2 and 97% hum dity are 10 presented. The
foll owi ng surface markers were anal yzed: CD45 (a pan-|ynphocyte narker),
the sten pr ogeni tor cell mar ker CD34, and the EPC/ endothelial cell -inarker

CD 133. Ta aracterization of Geycul tur ed
ina huni xalﬁl\?l rog?rﬁn%)t Oefs Xf?émﬂf/‘ﬁ%rcgﬂ%?%t cﬁ( tilg%lﬁgirbigdsﬁ/a Ker AVG SE
CD45 90. 47 ‘ﬁafs&Balu‘@K%féH@&ng ﬁl-vlﬁ'o 931%1@1&8)1@@04&8}31&}&&0&3{1 Toipleksendre parti al
| oss of blaq p SS | schem a) ani smin
many di sea g%elgc%t ﬁll de%np %Xtaﬁsué} o%‘ggl(s) an ihter rre ata1 g%g{pggadrldgg%{gnm bl e for
t he di seasdispanut éb)mrebytdﬁmﬁw pd@ﬁniEgCtstalmn§ :qspﬂltsyfrttreédsdapgldtctrte%aﬂfmsed tissue
becom g, REOALERIIELY mb 1GAR &a&&f,%erh SR éhpamiam%toh@m Wiy the onset

of pat hol ogli ¢ processes resultin rom vation of nutrients,
mai nl y oxyd@manabéﬂq'ﬁlemmaﬁleamiemhldasqnbﬁd b¢1mnm@tvabmfblteescubs‘famhthas:el@w | f

Lhese Pr OCRSEBRAIG SEHCIS, cDBEYERUSTMAL) Yhfebel QueChldlth tissue death.

The induction of new vessel formati®on to augnment IP ace the
conpr oni sedobireg SsUSpryolpeauel serem (tyrisallyrlata.on 2.o0f0, ﬁkﬁ@cftgl’@nv%ﬁ 0€2af f ect ed

tissue or slQ: QLG ¢ gmm{&qﬁa ons %m@i@%anp;wglnﬁnmzfe@%e%1ﬁﬁdntos - The
principle of restoring to a deprived organ is practlced by
§bed

car di ol Yyi stfaqegnggkers Wlec%‘ﬁ’éﬁfér sspqn-lymphiacyte Sl et g Ee

angi opl ast yokit infhriQFden34 Marcast 97 fd kiherda@binemi 881 At e 8arhd &MEk
preventing further deterioration. This invasive approach is generally

possi bl e orﬁ\}?%@n | arge and nedi um si zed
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 nent of the present

i nvention, 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
ischemc tissue, or into patent bIood vessels in the proxinity of the
ischemc ti uce ful .creat. suc r ally
restores tﬁg%gﬁﬁgﬁﬁgﬁseg1%wgu?ce¥mn fﬁg?% |g?g a%g¥% ?% t he

f ormati on o‘fvaSp@fﬁth@b@@lbadmgmome:sg‘emhs@nﬁﬁda?rigsktt ooamdomﬂl Buppl a}addefprl vati on,
and/or 25 aMgit s LN o At te [t e, in sone
cases, contro%fe&ggﬁgbﬁ¢£e§§%% e?o?ﬁ%%?on1§%j%g?ﬁ I’n r%g#dns of the or gan
reduce pat htregi.c dlowredeudtar ieratipgrstofing ashier froe gi oA enderthixperithiisor gan t hat
may reduge glb%m%g&pm i UGl R oxdbiah, %H&Q%}@ ra&pc%eﬁt@%omu@éﬁ Wil nventi on,

suppl yi ng EPCs an organ or tissue treats one or nore of | owi ng

i schemi a-r emlataéobleqslnmﬂﬂg drrsprotprd dessilipd heginalBye abelbicopabriin Be CFII’fﬁe

CO”DrOW‘Sedn@kﬁ&ﬂl&Eﬂﬂ&Yl@@@ﬁﬁ@'?XC@aﬁ&hﬂ§H¥m@£eﬁO&QLQhﬁ&MdQHG&%the
di sease or |leads to cessation or slow n of the progression of the

condi tion. cog#ning BHed riininhesult; @é&&%cglbwi et 9-0f flskpgeasgdsyifle St h of

optic nervegyfdihens 1@%9@@5 ﬁﬂm‘i’&&%ﬂsﬁﬁl%mlﬁnﬁﬁ che npi%al@ cARdivBe head. A
treat nent Iead|n }tj storation p ic nerve head vascul at ure

generali@ a%%%éwgogﬂﬁ*ﬁ?@%agﬁmﬂbﬂgéé§szaﬁ@‘Fé%&%?@%vggﬁéﬂﬁﬁ5?H£“thct|on of

L he opt It c mteépgﬁn (éa&t Ae@a&at Ty ]gjlzb\?%g%uﬂwellﬁarmﬁa verd hbekst: \Mmg(aqtﬁhit hbodl es
ave not yet died, In spite o el r axons being.co e e nerve
head) . InyéWmBWﬁﬁﬂﬂﬁ@ﬁ%=oﬁm %%%Wﬁﬁggghf ﬁvgﬁﬁigﬁ3gﬁﬁﬁé€$1§ Egé¥ into the
opti c ner veERGadomp 08l makay 0131 ageusx alkgyr-ef.fects the desired

vascul ature induction. (See the above-nentioned article by Flammera J et
al.) 10 Age r &hble efdr rROLHIATIT. atagm&mhimnof fibit-padi BREs enihwed®ssoci ated with

circul atory"di st urbances,.i t he bl ood vessel tissue supplying
LY aye Bl PR By o dShr i o

t he out net abol i c requirenents. These
Marker Exp. #1 Exp. #2
CD45 85.34 97.10
CD34 1.96 1.50
CDhI17 0.64 0.83
CDI133 0.57 3.88
KDR 0.24 0.54
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di sturbances conprom se the retina, leading to its progressive death with
consequent reduction in visual functions. In an enbodi nent of the present
15 invention, injecting EPCs into the choroid generally arrests the di sease
process and prevents blindness. (See the above-nentioned article by Zarbin
MA.) Diabetic retinopathy. This disease is a small vessel disease that

|l eads to local ischema in the retina and therefore edenma inpairing
vision.. 20 Although neovascul ari zation occurs, it occurs as a result of
ischema, and it occurs in the region nost inportant to accurate vision -

th | . nmbodi t th t
nvent on. EEE S s Rkt s Sr Bite - BSE b G One e A 'St r at i on
of EPCs to Wftéeg‘rabngdaﬁjlawegtm{vmo betvitn ot H:Hsrpnetch&cdsmluﬁa'ﬂlaﬁhk@es the

el i m nat es I r, ea. This
EPC- i nduced}\{lg%g%torfé%dg{(ﬁ'? it H% g%uﬁgggouﬁf%ma iiéggéjil@ Ibdw A ;lj}k?l% %ﬁ’y suppl i es
sufficient ltlflll@ééldt@wtlhmmu ndoveyolivinat gertdhage estaumag sreqded ftoox VAscul ari ze
the macud ar; ¢ ref er.e gD Frangnl cand the
above- r%feﬁgﬁﬁgglzrﬁgg?&ﬂﬁi@gﬁﬁﬁ?kggﬁﬂﬁgﬁggiaﬁgf&%% ?? ¥ Iﬁ%éphropathy
Thi s di seas®eF rgiugied “aﬂlhbmg&1®dov$1@ Bk aoikage d@ﬁfcubttdh@zd{mabnw ‘Bsfdd 0od

vessel s andind@stdnuel LaR &%&?It&flegl @901, Idrar 'é(]ﬂ}grs%utb‘l%é% %émm%ggc@ Ki dneys

and t hus Ki dney failure, necessi tates nmbodi ment

of the pres&iie: ingebisml reialdECEH 0892 ﬁerpﬂcm@méml 19-8sdiolapd 5-2 ect i ng
EPCs into tnﬁmmemﬁxahaw&e%éuﬁaﬂe 953?@3%% ﬁ§§%6€9€ a vaufi;ﬁé gfaﬁyced

article, by Bahl ngnu FH or  al Non- uni on ones occurrence
after tiRuniesspigd sthegtlgwing s ‘5}3 H‘Sikl?'@s‘ﬁﬁf@ iy ﬂ@ﬁﬁf(ﬁli@p@ﬁ@h@%&)d suppl y
in the frachike) St Sealrodeiédr e ML T DAF &ﬁd‘&c%ﬁ@&ﬁ@ﬂeﬂ@@ﬁl ke

enbodi nent he present invention, local application of EPCs to the
fracture/su } i nci sion area of affect ed bone restores vascul arization
and enabl es he 4’1 of th eéh ronic. skin ]%| ers. These |esions are
a result of co & s(é.‘amm 984 aracteluatlou of first-pass EPCs cultured in 2

hiumid environment containing hypercapnic conditions

15

Marker AVG SE

CD45 90.47 4.53
CD34 23.77 17.93
CD133 4.48 2.10
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10 supply to the relevant area of the skin. In an enbodi nent of the present
i nvention, local application of EPCs to chronic skin ulcers restores the

bl ood supply and generally | eads to healing of the wound. Vascul ar
dementi a, post stroke. This condition results from progressive

irreversible closure of blood vessels in the brain. In an enbodi nent of the
15 present invention, supplying the brain with EPCs restores at |east a
portion of the conprom sed circulation and thus restores brain function
and/ or slows down deterioration of brain function. D abetic vascul opathy.
Thi's progressive occlusion of small vessels in the extrenities s a conmon

cause for surgi %#8%@&%}%1&&@?5 of Ibﬂ)oﬁ Lrlﬁpgy dtoetm%f 9 153 1esQ1tsch%Ima) isa c%

i nvention, such anputations are orl ng II‘CU Ion in the
affected | i Trbghatyym iowatly disefseceift WS@deESI@@s as dmkiemaddiaietaf%nsﬁpbfambb forski n

grafts depegd ggeaq%%%o&epg&% E&fClt%HrsM%q\@Heaéégjezhﬁ a% 1o RATP b Eeontille

above-nenti on book edite ove nentioneéd article
by KouwenhorregreEAcktinegpable OfB@thTﬁlF%@ fgmamtl% tcathel ossel qﬂf Hafhalesicoagsefsei | because

of 25 i nadeguai® ¥ ekl c@[m@a@%ﬁ Qf‘nuﬂ: LRE 1&‘11@} B)?yf%é?%glr‘i{clﬁ ﬁggﬁﬂgﬁhﬁ?n OE’IEI . own

vascul ari zation 1 n the bed, and | 'aps need

bl ood suppl Fetabtites; Jefea C%;haTéi@ﬁﬁﬁ@@%@aﬁw@@Jeweﬁmb\rqn@h@dlef%@éeﬂ fgy  exanpl e,
t he above- n@n%g ngd articles by Browne EZ et al., Chen et al., and
Beatrice or a (% This is also true for transplants nade of artificial skin

(see, for exa- gg’lnéﬁﬁorﬁl%?vr%wngﬂtﬂi %@s@l q{)lji‘daﬁé)f t(p cimli%&{t n%t l”edeEe EHJG

t hese cases, Qoo vascularization is a precondition
rei nnervati @ﬁlpﬁfmi'é‘fﬁ{eblgfidaﬁwph'@@ad& rio apst@ptivoddininttioofort the ﬂff@éfsleiﬂﬂsuq ntv e ntion,

vascul afd zaghen ahc§ pileNAHGE G @éﬁﬂlsﬁetqé Qﬁecte?ikceﬂs 9rRS {31%10‘&51& B 1%? (Sng RGN

EPC- i nduced vascul arlzatlon gener al g i ncreases | I kel | hood of skln
graft survHﬁ&Py“Féﬂq§6ﬁé°&$bFH@a%W@h y carfiplpeppce-sebricognaeeemilgidt i s used

i n conbi nat du%my\hﬁdhbamgﬁb Eﬂg%@a%tyj A oRBdRt lQﬁl)l'eeﬂlc (ﬁﬁlulénﬂgr angphant atd on
described in the abgve-nméntioned article by Schechner et al., nutatis

i nut andi s. IFW“&%“%@%%HﬂW@H%“EW the present invention, vascularizationis
i nduced by seedb ﬁ an attachment site with EPCs durlng reattachnent of a
severed |inmb. SHCH BBEYSEREAEY S grasaiapIsyLiheplyvicadygr @dapedge srell ation to

the reatd achedisl bgtoccluded.  However, in many diseases associated with a decrease in
vascularization, the occlusion occurs in small vessels not amenable to this type of

intervention,

In an embodiment of the present invention, EPCs arc supplied to a blood-

deprived organ or tissue in order to augment or replace the defective vascularization by

20 creating new blood vessels in the deprived organ using autologous or non-autologous
endothelial 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
vesse] formation in certain regions of the organ reduce pathological vascularization of

other regions within the organ that may reduce the organ’s fumction.

In an embodiment of the present invention, supplying EPCs to an organ or tissue
treats 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 Ieads to cessation or slowing down of the progression of the condition.
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It is to be noted that the indications described herei nabove are only
exanples of 10 the therapeutic uses of EPCs. In other enbodi nents of the
present invention, other conditions in which blood circulation is
conprom sed are treated by appropriate application of EPCs to |ocations
whi ch have insufficient or no blood vessels. It is also noted that

t echni ques described herein wth respect to increasing stem cel

popul ations prior to adm nistration to heart patients may al so be adapted
for use with 15 patients having any of the conditions described

her ei nabove. An @aReghNeh dRtast OfsipE esﬁe&leésm%m BfoGO AR SIRSs practicing a
techni que described in one or r?gth of, t he foI | ow E"’%ﬂ? i}él si onal patent

appl i cations (opfieGAtH Mt Frbepig bt 0te AoniF bepda 4 B @e¥%eri bed

herein): (a) US rEéitcﬁMicﬁllc@lﬂﬁ|opl?ﬁﬁ@ﬁhe&pﬁﬂsblﬂﬁ&ﬂe%ene@ﬂbaﬁ&t@ﬁ@dlsefalsd ed June 1,
2004, entitled, 20 " |trotec q ith stemcells,” and (b)
US Provi si onal PAtEwt anﬁdﬁﬁt?lﬁs S é%?/ g’@%‘“@ﬁ th ‘TPIFtézomﬁvﬁl (gt lgast 9

entitleds "Indidat io@ﬁtSnérO&F fisdrewheelcell Gsdies' hietbt oft didiesespappf i cations are

hcor porat od herBin Ry paferanbat et LrBry T & Pt SRR eb0s anri ched
fromfirst- passtbebﬂsmM&men@mahmﬁhﬁﬂEPﬁsano1mngpungxﬂﬂhmdemﬂMBtudy These
experinments wer ¢t tients' au 0 usi ng the
protocol descri %éo lgﬁggém%gﬁwcmt e tcgeélhed ST Eﬁ?“lgqoéri‘mrlr%{lm eIe % ug t her apy
suffering fron1ﬁ@vewemanng@mménﬂ&nmsmamamé)been enrolled in the clinical
trial that was initiated by TheraVitae and perfornmed in 30 accordance with
an enbo&@nent'oﬂﬂﬁﬁéﬂwﬁegén&ﬂihﬁenmﬁ@n Thie gistesent ssarieted ovittowed for up to
6 nonths, as is-fah ¥ L I s. Each
patient 67 Constlt%tgg) ﬁ ggril;{gg\% }%gﬁ%{ratcﬁ)f%% %’é}%&’?t‘sﬁlﬁ%@ent condi ti on
bei ng conpar ed ﬂ@ipﬁélbW@b(ﬁﬁbaﬂﬁﬁmﬂwﬁnéﬁu@wbﬁaanmﬁmwhﬁ rEgeits of the
first ten patienfig,bhgls AR¥RRNEER. [@hh QRSB Aleds§ASieathii@e Months are
present ed bel ow. If shéh | d "be enp %égkiegﬁgﬁatlf egﬁésﬁffml ﬁresented herein
are not conpl et é%ﬁﬁ@luea‘”teﬁ’éfﬂlémgﬁ”%fﬁla@%hogﬁ on ap pabofement of ¢ p8Eherformed 5

on conphetion Ofm\teﬁﬁorpllﬁﬂdtﬁélﬂ’tg'11%5 theRl 1Y oené[cjﬁﬁ_/ LfSRUABALeashoWs a hi gh

safety profile. unber of patients
plocess ‘and prevants bhndness (See the above-mentioned article by
Zarbin MA.)

o Diabetic retinopathy, This disease is a small vessel digease that leads to
local ischemia in the retina and therefore edema impairing vision.
20 Although neovascularization occurs, 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 adininistration of EPCs 1o
regions adjacent to, but not in, the macula reduces or eliminates vessel
25 growth and edema formation in the macular area. This EPC-induced
controlled 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.)

30 * Diabctic 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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devel oped m nor adverse events which were defined as possibly related to
the therapy (elevated erythrocyte sedinentation rate, chest pain during
angi ography). These findings disappeared after a short period wthout
affecting the patient's clinical condition. 10 Efficacy (see table 1, 2 and
3) - The general clinical condition of all of the patients inproved, as
shown by the inprovenent in the Canadi an Cardi ovascul ar Society G ading
Scal e for Angina Pectoris (CCS), showi ng better capacity to exercise. All
patients inproved their wallcing ability free of cardiac synptons. This

finding is al sO ¢p@MBRRL GndMedeRCintNEHEAIRCHM L@Sépﬁaﬁaﬁ@ﬂxrwv@ﬂs%}oad an
obj ecti ve assessnent of exercise . 15 cap aC|t done %&? ﬁm bi scan. Both

resul ts show hi gHeEREt PGS B8 1S Grers é’é??&ge“e'ﬁ%\‘l’ﬂe? B “cli ni cal

i nprovenent as defRAsddalethymahhen €anagi @oo4)Car di ovascul ar Soci ety G adi ng
Scal e for Angina Pectoris ( ). Mean val ue Mean percent Mean val ue before

after treat mest NephHOMEHERncs.t TRidtdRMendCics Gatia indAirderPsub P val ue
0.0029 20 68 Table Il: Patient clinpical .ipprove nt hs, as
dermnstrgt ed by & fgrdosidieent @8%(?5“3\?8)1%6‘}{];’??3‘%]1 S%?“’%e]?i%sem% ot al nunber
of patients t hatoﬂtnq)ai(ﬁacesd thae. 1 Q0% cmmﬂimmmérﬂte pxesaﬂtana:glaom fewers) 84 25% P
val ue 0. 0003 Table I rovemen ennnstrated by
the estimated wolRIG Elu fgﬁd@éﬁ‘%ﬁe% ﬁ’lsllﬂéecai/ Clﬁ‘lemsl é”;&ggn(fm%ﬁfog er

pati ents that i npstovedsdilarBMionlanppobieseating ofdveleage 1. 42 20% P vaI ue 0.02

s Chronic skin ulcers. These lesions are a result of compromised blood
10 supply to the relevant area of the skin. In an embodiment of the present
invention, local application of EPCs to chronic skin ulcers restores he

blood supply and generally leads to healing of the wound.

e Vascular dementia, post stroke. This condition results from progressive
irreversible closure of blood vessels in the brain. In an embodiment of the

15 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.

¢ Diabetic vasculopathy. This progressive occlusion of small vessels in the
extremities is a common cause for surgical amputations. In an
20 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 abhove-mentioned
article by Kouwenhoven EA et al.). Both free grafts and skin flaps can fail because of

25  inadequate vascularization. Free grafis require adequate 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 ot al.). This is also true for transplants made of artificial skin (see, for
example, the above-mentioned article by Ferretti et al). In these cases, good

30  vascularization is a precondition for optimal reinnervation of the graft.
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In an enbodi ment, EPCs produced by any of the techniques recited in any of
the «clainms hereinbelow are adm nistered to a human or animal. In an

enbodi ment, EPCs produced by any of the techniques recited in any of the

10 clains hereinbelow are used in the treatnment of a vessel and/or heart

di sorder, or to treat aging, or to treat a system c disorder, or to treat
a nulti-systemdisorder. For sone applications, techniques described herein
are applied to animal tissue. It will be appreciated by persons skilled in
the art that the present inventionis not I|imted to what has been
particularly shhmmmmﬁdﬁde&ﬁﬁmquﬁhﬁﬁﬁmnahowamﬂﬂ&%h&hﬁhﬂmEdeSmétape of the

present i nyent !éxg dwntﬁl é‘%c: boLh=peIDI N Ivect)src];u arilﬁagons 'é&%? IIH&EASQSn&lgOf the

vari ous featu escribéd herelnabove vari ations
nndlflcatldﬁsmthépéddngmﬁaunﬂﬁbiﬁmﬁmnﬂmmmemmmsquEP€Smﬂh%dhmmmu¢é occur to

Ki Yo BN ko 69
pesons Slef g Si) B i e aisas sl aien,

bl ood t & a abivesnengprediagivte by hichehyhas of D¢ mgetieotdonds.f i r st - pass cells having a |
density less than 1.077 g/m; 5 applying the first-pass cells to a second
gr adi ent  sui tabFueanfE‘@ﬂv0§Iaewfutwr%9é%ﬁ‘@mwﬁa§§50%1@Ma§0%émdﬁbedé*Yé@Wéwgt y between

1.055 and LnQédn@lefsite iwite B08S i trbi@a AL Obv&&] hdh, Nk BECacdRRsi ty
between 1.055 and 1.074 g/n4, by culturing the second-pass cells for a

peri od |astseﬁ@albfé%%éqﬁm@Ialﬁwcwlaala%oﬂlawmctl@elﬁﬁfy. ng endot heli al
nmet hod accordln to claim

progenitor cells .in . the red cells

1, wherein appl lﬁﬁiFH@mgu%%g‘ﬂﬂh?%@nﬁ¢?§8’épﬁﬁ? Fe aig SR FATRICR | vi ng t he
bl ood tw a BOkstdpaiciviel ORI, aincapal eymﬂlmhts,sdj‘ah@gxeseandweﬁmgs hihar ohydri n.
3. The met hod ccordl wherein a i_Ist ss cells
to the secShYt 8Paﬁ|gﬁ htﬁﬁ%&??%%%ﬁﬁdijHQHWH%B Xeq%ﬂ%QSQICQFﬂgpﬁo an
aqueous solappii@torod! EPLS td lochtixandlich ihve Taeffinedthode Bioadvedietsg to claim 1

wherein applying the first-pass cells to the second gradient conprises
appl yi ng the fi iitst alpassgedtibi scingiues dpsathed heangiilt espeol Wtiaensing 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 fechnique
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 stern 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 from 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 drag 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 trials. Each patient
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i ncl udi ng pol yvi nyl pyrrolidone-coated silica colloids. 5. The nethod
according to claim1, wherein applying the blood cells to the first 20
gradi ent conprises applying the blood cells to a Ficoll-like gradient. 6.
The nethod. according to claim1, wherein applying the first-pass cells to
the second gradient conprises applying the first-pass cells to an
Opti Prep-like gradient. 7. The nethod according to claim1l, wherein
applying the first-pass cells to the second gradient conprises applying
the first-pass cells to a Percoll-like gradient. 25 8. A nethod for use
wi t h ext r actoeditsttens/belohs cotaipriiigiongteatpnt aondigort bedguempared wdhayget he stem
cells to a first._ gradient itable for.sel ecting. fi - | I havi ng a
density Ies%%%ﬁ%% i%ﬁ Hﬁf% ?1%§%1??ﬁbﬁ?%%nP§F§ ﬂﬁé%%%%gﬁﬁgﬁ?%ﬁé%iecond
gr adi ent sudttledst ¢réomostdt ect megred delod- lpseslddel ¢rephhaxedribatabelesssliit y bet ween
1. 055 and 074, ... 70 I onds. r . i gr adi ent
sui tabi o o ey EbRk shcheR PR Ohd {BpREGENLRESE e B Sl B BrkBitd!, 9055 and
1. 068 g/ ;on eeorpécsion nighe Himiaalimpler of cells having a density between 1.055
and 1.068 g/m, . C i LRk A B ’ I A, L asting
bet ween 3 and 3§ﬂ§§§sﬁtéﬁ%ﬁ§9?5eﬁﬁ%@&%ﬁgﬁgﬁﬁgﬁﬁgf?gP&“$§g§ﬁ§$%?m%§||S in
t he cul t ur edpvelerdd minooadvpe eypats ddchavere ddfireg as powsivhi ylagd ipiiler BPPY he t hird
gradi ent i S;.pui o o RE G : ' | Yo ween 1. 059
and 1068 o e eons ﬁ%ﬁ?éﬁ%ﬂﬁ%ﬁfg?ﬁ‘a R R e
gradi ent cofipppyexs aier edeit pyiadyabew affscipgviongtientyemeet ¢pndiget- ween 1. 059 and
1.068 gfgri. 10 hQﬁc:&¥r(§¢ten9csieﬁpﬁ aH@@>WT1Rb§aﬁ&1?ﬁatllﬁq1 Bvedn of QURIEiRd NY: '

e

applying blood to a tirst gradient suita or selecting first-pass cells
having a dJEHEHE ympREed, (3 aR0WD B7 7thg/ MProvaRsity nge ttieadiy Seupasuigel s to a
second gradi®iy etHatahlcgle T AS@laaekiond (SO MdwiRaRSatabdciy haviengsea density
bet ween 1.ggﬁ and‘1.07{ﬁgpu[; 5 cuht%%lnﬁ t he second-pass cel.ls on a
surface conpl PEISHY BPRYHH RIS R Ty Phy ProyER e e s halthe

cul tured cedubgorted thlthe TiadEhoghacr abMidag, ioGtcaimdsmpherekacisal turing

conpris culturing the . . C
P ?SS Capaclilty dor?e by sestamibi scan. Both results show high statistical significance.

Table I Patient clinical improvement as demonstrated by the Canadian

Cardiovascular Society Grading Scale for Angina Pectoris (CCS).

_ Mean value Mean percent
Mean value before | afier treatment |  improvement
treatment
CCS score 1.92 1.00 52%
P value 0.6029

20

68



second-pass cells on the surface, when the surface is coated with
aut ol ogous plasma. 12. The nethod according to claim 10, wherein culturing

conpri ses

culturing the

20 second-pass cells on the surface,

when t he

surface is coated with at |east one plasna selected fromthe |ist
consisting of: allogeneic plasma and xenogeneic plasnma. 13. A nethod for
use with tissue, conprising: culturing the tissue on a surface conprising

pl asma. 14. The net hod according to claim 13, wherein the tissue conprises
bl ood. 25 15. The nethod according to claim 13, wherein the plasna

conpri ses gubieopRus: clipkasiBrovéent A 3MBddAAMf@Rmotisetcby finexte adked bl ood,
conpri si ngisappl ying blood to a first gradient suitable for sel ecting

first-pass[celTs having a density Jess than 1.077y g/m; 30 applying the
first-pass|cells to a second gradi ent suitable for seIectlng second- pass
cells having a density between 1. 055 Absdhtic7ey/ nd ; 7Hereadtt urihg t he
second-pass cells on a surface conpfising an anti body; and identifying
progenitoricells in the cultured cejls. 17. The met hod &ording to claim
16, wherei nFP%HluﬁﬂjﬁtfﬁmﬁmwstP%EmWOY%‘;! ude Igndnt hel.i i r cells
(EPCs), and wherein identifying the|progenitor cells 5 conprisgs
identifyin; t he t hod accorging to clal whefein

cul turing :eﬁ%gefm"esqsc?ﬁ?rf‘%%rrﬁ’%lgﬁc ecoft %aoo cetts m@%ﬁe surface, when
t he surfac«A;s coated wi th aut ol ogobs plasna 1%0 Jhe nethod actording to
claim 16, wher e*. r‘. ettt R19) DUTI}JI S es—CtH-ttHt 19 t Ilc second= pass cells on
t he surfac ted Wt h 10

sel ected f%éhﬂtﬁir} %l?nztmlclfﬂveémn ﬁtﬁtémgﬁl % dflllonStﬁ%F%{)y gésrtr%ﬁ%ﬁg‘, Ogg(%%genel c

pl asma. 520 (METeet hod for use mnth extracted bl ood, conprising: applying

bl ood to arf+rst Gt ad-ent—sui-t-abte—fot et-eet RYV) ftrrst= pass cel | s havi ng a
density less than 1.077 g/m; applying the first-pass cells tjo a second
gradient suitable for selecting second-| 15 pass cel|ls having [a density
bet ween 1. 055 and 1.074 g/ ; Absolute Values Percent

Number of patients that improved 7 78%

Improvement - gverage 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
10 claims hereinbelow are used in the treatment of a vessel and/or heart disorder, or to treat

aging, or o treat a systemic disorder, o1 to treat a multi-system disorder.
For some applications, technigues described herein are applied to animal tissue.

Jt will be appreciated by persons skilled in the art that the present invention 18 not
limited to what has been particularly shown and described hereinabove. Rather, the

15  scope of the present invention includes both combinations and subcombinations of the
various features described hereinabove, as well as varjations and modifications thereof
that are not in the prior art, which would occur to persons skilled in the art upon reading .

the foregoing description.
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cul turing the second-pass cells on a surface conprising a grow h-enhanci ng
nol ecul e other than collagen or fibronectin; and identifying progenitor
cells in the cultured cells. 21. The nmethod according to claim?20, wherein
the progenitor cells include 20 endothelial progenitor cells (EPCs), and
wherein identifying the progenitor cells conprises identifying the EPCs.
22. The nmethod according to claim20, wherein culturing the second-pass
cells conprises culturing the second-pass cells on a surface that
conprises, in addition to the growth-enhancing nol ecule, at |east one of:
col l agen and fibronectin. 25 23. A nmethod for use with extracted bl ood,
conprising: applying blood to a firgfagyRdi ent suitable for sel ecting
first-pass cells having a density less than 1.077 g/ m; applying the

first-pass ceII 0 econ radi en ui tabl.e for selectlng second- pass
cell's havin @P%VFB%?RQB%XE“ﬁﬁghﬁﬁdmiwbﬁ%%g/n1 30 culturing the
second- pass ceI |a§p1§1ﬁ)g’ baopera Gt badiehingithied medﬁlcdhnglﬂiﬂkt Dadayks having a cul ture

medi um conp % serum and 72 identifying progenitor cells in
t he cuIturé{n&gq%sﬁpﬁzg7£ﬁ%§nethod according to claim 23, wherein the

pr ogeni tor ceIIsmﬂmngﬂﬂehmqndowﬁem»akmpn@gmdmﬂamﬁdét&sSQEﬁ@sﬁ@xaﬁd wher ei n
identifyin geni [ entifying the EPCs. 5 25. A
gpatss Cells l%dﬁgl g Ear?sﬂ}! Brgwfﬁﬁl 1 @%%r%g r%%%? }n(’fl

met hod for ‘use ™ w |ﬁg applying blood to a first
gr adi ent SU|tabM@uﬁsng@eh@cbmngﬂﬁﬂsb@mmas@mmHHEQWhadﬂhgaadZ@éﬁgﬁMy | ess

than 1077 /@R XIR0 A0SaH €51 sARSRARILAER: BypReaNd L adl ent

suitable f t|n S ass ce avi ng a densi tween 1. 055
and 1.074 g/m ; 1(13@11“(?’193Fmtmgalmeslé@@ﬁk}m@@}ssu@eﬂdl0§11“f or a period lasting
between 1 and 5 days in a culture mediumconprising greater than 10%
serum bhd % dentlpe We%d freogiyite eling bl rhergnppphme i tlepddn tedirptgradisgt  The

et hod accafepReks tQpeindl 8 Fhodaes ebRiib @R eN béfilynt | dfSsubiagd bige
epichlorohydiin.

3. The method according to claim 1, wherein applying the first-pass cells to the
second gradient comprises applying the first-pass cells to an aqueous solution of-

15  iodixanol.

4. The method according to claim 1, wherein applying the first-pass cells to the
second gradient comprises applying the first-pass cells to a gradual density solution

including polyvinylpyrrolidone-coated silica colloids.

5. The method according to claim 1, wherein applying the blood cells fo the first
20  gradient comprises applying the blood cells to a Ficoll-like gradient.

6. The method according to claim 1, wherein applying the first-pass ceils to the

second gradient commprises applying the first-pass cells to an OptiPrep-like gradient.

7. The method according to claim 1, whercin applying the first-pass cells to the

second gradient comprises applying the first-pass cells to a Percoll-like gradient.

25 8. A method for use with e}{tracted stemn cells, comprising:
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;
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;
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endot helial progenitor cells (EPCs), and wherein identifying the progenitor
cells 15 conprises identifying the EPCs. 27. The nethod according to claim
25, wherein culturing the second-pass cells conprises culturing the
second-pass cells in a culture mediumconprising | ess than 20% serum 28.
A nmethod for use with extracted bl ood, conprising: 20 applying blood to a
first gradient suitable for selecting first-pass cells having a density
| ess than 1.077 g/m; applying the first-pass cells to a second gradi ent
suitable for selecting second- pass cells having a density between 1.055
and 1.074 g/ m ; aphiyik;tpe acdondwpase raiinté k terdpeadicadsuitahlé fonséleging Herdggeond- pass
cells in a<%Hiﬁ%ﬁ1zu%§ﬁ§§&%&%ﬁ9%ﬁ%%%?b@@ %gss than 10% serum during a
hi gh-serumtine p rio&, cul turing e'se%oﬁd-pass cells in a culture
medi um conpri si fyregsiegthe mumherrriellekpyilg 4 dengigbctrencn hVSanad L @éheinflyi ng
pr ogeni t or o - : _ The ;Aceprding to claim
28, mhereiJgﬁﬁgaﬁ¥gm%ﬂﬁ%%#gggﬁ sa&ﬁg+€%g%ggglgﬁﬁ%§%g???ﬁ’g@%genitor cells
(EPCs), Zand V\heri(gﬂﬁg’inééﬁiqfheﬁiﬂmwﬁ@rpﬂbg@tbietc’dﬁlf@@ﬂl% conprises identifying
the EPCs. 73 30._ The nmethod according to claim28, wherein culturing the
second- pass’cel T8¢ TR AGOUHBE 10 vAaE r i iviersie SR & dERbiS S8EIE IPY uring t he
second- pas Ssek@lidgSellihaHing Uldeabit® betiBEH HOZCARNINGS bR, MP wWheredYappRidéthe 31. The
met hod accordigg to ¢clarm 28, mhgrein culturing the Sfcond-pa s cells 5
during the TERFBEUIATE FhEegRrd SRdicBngminsss P Phgelen v B8chhdPass cel | s
in a serumbew®e 108 kirgosrpdhium 32. The nethod according to claim 28,
wherein culturing the second-pass cells during the |owserumtine period
conpri sEs cul t urd mghédier se eoth dxpass eld @nfpéiting  durati on of between 1 and
5 days. 10 33. The .nmethod accordi fo.claim28, . wherein cylturing the
second- pass cel I" qﬂa%??%%“%%@“ﬁFﬁﬁgE%W&%#%Pﬁéé‘%ngﬁﬁé%%ﬁFﬁ%Q@mﬁu turing
t he second-@asty leeklas 11007 g/anl;
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;
15 culturing the second-pass cells on a surface comprising plasma; and

identifying progenitor cells in the cultured celis,

11.  The method according to claim 10, wherein culturing comprises culturing the

second-pass cells on the surface, when fhe surface is coated with autologous plasma.

12.  The method according o claim 10, wherein culturing comprises cultaring the
20 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.

13. A method for use with tissue, comprising:

culturing the tissue on a surface comprising plasma.,
14, The method according to claim 13, wherein the tissue comprises blood.

25 15, The method according to claim 13, wherein the plasma comprises autologous

plasma.

16. 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/ml;
30 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;
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duration of between | and 30 days. 34. The nethod according to cl aim28,
wherein culturing the second-pass cells during the |lowserumtine period
is perfornmed prior to culturing the second-pass cells 15 during the

hi gh-serumtine period. 35. The nmethod according to claim 28, wherein
culturing the second-pass cells during the lowserumtine period is
performed follow ng culturing the second-pass cells during the high-serum
time period. 36. A nethod for use with extracted bl ood, conprising: 20
applying blood to a first gradient suitable for selecting first-pass cells
having a densi éynti@SBe tdaami-gasOFNs gl adurfacephpiisige avatibidysandpass cells to a
second gradient, suitable for selecting secend- pass cells having a density
bet ween 1.055 aﬂﬁﬁ%wﬁ%ﬂmﬁ?ﬂ?f“@h%ﬁ%ﬁmgmﬁ§%%§ic time period lasting at |east
2 h ours, ¢ LilYt ur JJ.“I:?eg .n%et eods E&&%Qfap%s §1ainf q 6C Qxlrhleﬁ'ﬂj r{u&e E’TOIQM%X el Q‘Rdj.dt" I ons;
during a non-hypoxic trne perrod lasting at iea$t.1 day, culturlpg t he
second- passndaielibls pogastor els KFPOX endc odieti ifFatifying dtbe dREPHS AY*® pr ogeni t or

cells int . r . 7. The nethod according to claim36, wherein
t he progen?@8%%%%ﬁP§9¥%§P%§EC§3O endot helial progenitor cells (EPCs), and

wher ein i degti f ¥ NG 408 JRHEN I QFinCR], hhereGOBIHUHEE SorygtBat bfiyiing tiehe EPCs.
74 38. The nethod according to clain1§6, wherein.%he p gox'c and

non- hypoxi gewnsreass palsiosdee Ffecenivimithe s4riacsIt hefeA § L P8 Oé P63 fasti ng | ess
than 30 days, and wherein culturing the second-.pass cel| wder, hypoxi c
conditions3€oonP%€§ﬂ@ﬁFWﬁ¥$W§“tﬂ@“%E%dﬁﬁgmbgggng%F?g&ﬁﬁﬁgg%ﬁabg§ic

condi ti ons ganingsaelld 5 thet sfacdayBenothe ttigace il taarddnegtit #trfeasperd gekmas 39. The

por i odsthr G HERF el T g L HEBer o Ao Py T ReIRan 30 days. and
Ul tur i ng. the. s QB 5aee wadieRgR R GRORoBRe 1Y RO P one during a | Aot two
days of the cul tpijimgblobdneo pdirdt gridieni4Qitablthéor selehiod Tadeardehpt®HEd ai m 36,
wherein the, AYROXL .88 9 RgRnNYPOXI ¢ time
applying the first-pass cells fo a second gradient suitable for selecting second-
15  pass cells having a density between 1.055 and 1.074 g/ml;
- culturing the second-pass cells on a surface comprising a growih-enhancing
molecule other than collagen or fibronectin; and

identifying progenitor cells in fhe cultured cells.

21.  The method according to claim 20, wherein the progenitor cells include
20 endothelial progenitor cells (EPCs), and wherein identifying the progenitor cells

comprises identifying the EPCs,

22, The method according to claim 20, wherein culturing the second-pass cells

comprises culturing the second-pass cells on a surface that comprises, in addition to the

growth-enhancing molecule, at least one of: collagen and fibronectin.

25  23. 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/ml;
applying the first-pass celis to a second gradient suitable for sclecting second-
pass cells having a density between 1,055 and 1.074 g/ml;
30 culturing the second-pass cells for a period lasting between 1 and 5 days in a

culture medium comprising up to 5% serum; and
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10 periods are within a culturing tinme period |asting | ess than 30 days,
and wherein «culturing the second-pass cells under hypoxic conditions
conprises culturing the second- pass cells under hypoxic conditions for at
| east 2 hours between a first two days and a |ast two days of the
culturing tine period. . 41. The nmethod according to claim36, wherein
culturing the second-pass cells under 15 hypoxic conditions is perforned
prior to culturing the second-pass cells under non- hypoxic conditions. 42.
The net hod according to claim36, wherein culturing the second-pass cells
under  hypoxi ¢ j&eR@ink ipRIpsniics cfliif e odrddeblisoni ng cul turing the second-pass
cell s under non- hypoxic conditions. 20 43. A nethod for use\¥ér|extracted
bl ood, conpri simg: mapl Mtdeeditd doctltin 23, gvhaiianthe tsogsaidctels e 8% avi ng a
first desired density range: 4 i 0. : R pebdifr halld ng a
second des?ﬁ@%gﬁgﬁgﬂ%QmFaﬁgg %%@g%ﬁggrgﬁé&gﬁﬁggggﬁ%cteg&%elIs in a medium
conpri si ngc@ghisadantifing tsalB¥esquent |y in a nedium conprising a progestin;
and 25 identifying progenitor cells in the cultured cells. 44. A nethod for
use with exiractmdihbd trodse withgrirgshgecdap MNP HE bl ood to a gradient to

sel ect cells haa\ﬁgglgo %1Jogrt§ta Hasid@s: daasik tr LROGE; frsipisy edlls hagng he nunber
of cells having sécond desired density range by culturing the selected
cel I s in admeith lesmterortdt77 ity a progestin and subsequently in a nedium 30
conprising est raigﬁgl (B Bt 80 ChifsyioNOscBdra g atiidn0 buiadlel for afectimesceudt ur ed
cells. 75 45. ‘Fhod Tor use with ext %égd bl ood, conprising: applying
bl ood to apesadisdpting pdepsingeetwisal|ls? "%% ¥irst desired density range;

i ncreasjyng the Qupber 0% &alihpas kaNd RY adeserbathedesiced adrisiivy it Ange by
culturing the selected cells in a qﬁglunlpqur|5|ng estrogen and a
progestin; cade Bediga ATPRAHE O YERI LG E8 S in the cultured cells. 46.
The met hod . accoggliteng Srodditoodss Rifthcduitinn® cedB- 45, wherein the progenitor
cells include endothelial progenitor cells (EPCs), and wherein jdentifying
t he progeniskor T@ hfethod according to claim 25, wherein the progenitor cells include

endothelial progenitor cells (EPCs), and wherein identifying the progenitor cells

15  comprises identifying the EPCs.
27, The method according to claim 25, wherein culturing the second-pass cells
comprises colturing the second-pass cells in a culfure medium comprising less than 20%
serum.
28, A method for use with exiracted blood, comprising:

20 applying blood to a first gradient suitable for selecting first-pass cells having a
density less than 1.077 g/m;

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

pass celis having a density between 1.055 and 1.074 giml;

during a low-serum time period, culturing the second-pass cells in a culture

25 medium comprising less than 10% serum;

during a high-serum time period, culturing the second-pass cells in a culture
medium comprising greater than or equal to 10% serumy; and
identifying progenitor cells in the cultured cells.
29,  The method according to claim 28, wherein the progenitor cells ’include
30  endothelial progenitor cells (EPCs), and wherein identifying the progenitor cells

comprises identifying the EPCs.
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conprises identifying the EPCs. 47. The method according to any one of
clains 43-45, wherein the progestin 10 conprises progesterone. 48. The

nmet hod according to any one of clains 43-45, wherein the estrogen

conprises estradiol. 49. The method according to any one of clains 43-45,
wherein culturing conprises culturing for a period |asting between 3 and
30 days. 15 50. A nethod for use with extracted bl ood, conprising: applying
blood to a first gradient suitable for selecting first-pass cells having a

density less than 1.077 g/m; applying the first-pass cells toﬂgisecond
gr adi ent Suitabm@1£@mx§@k@ﬁmgngc&amoﬁﬁqﬂpaQSC@éﬁmé‘h%@%ﬁ B-BRSHERS ty bet ween

1.055 and 1.074 20 dur i ng AN o LR REL i il asiting at | east
2 hours, dﬂF?ﬁPﬁ%&Wﬁﬁﬁﬁgﬁgﬂﬁﬁo mn%x’ ‘% '%e Chyﬁ%ﬁcapnlc condi tions, the

hypercapn|@m&mﬁEomﬁma@ﬂMm&a%aaumr|zed by a CO®2 |evel of greater t han 5%

during a non-hypercapnic tine period |asting at |east | gé Scu turlng t he
second- pass camhsnuhﬂbmmmdn%h@p@wﬂaéﬁlWh%%ﬁdWFWHﬁs“eﬁﬁ IE8H: hypercapnlc

tinme period .2 ract ef i zed: By 80 ligved hefedogSpast bah ion sequal to 5%
and ide ti%%?ﬁ§m§?%sbnl %$g§ef sinthe cultured cells. 51. The nethod
accordi ng free @ltaieme@®m. wherei n the progenitor cells include endothelial

progenitor cells (EPCs and wherejn_jdentifyi .t h PLO ofeyicel I's
conpri ses Bﬁenfﬂﬁwmﬁémiﬁ@mEP@Sm g 35, WHHEN FEHGt g%é%r Eh&tg cl ai m 50,

conpri sing 61)%‘?0%'[ B Qo@v h;% ufdBmk §)abd @bipigs tchiewingype fSG@DIDdHP@SSt Gefte fpfefi od to be
at least 6 . The net hod according to claim50, wherein the

hypercapnlémawaﬂﬁéﬁﬂ@ﬁyb #1943 ¢ time-periods are within a culturing time

period | asting | ess than 30 da er.el i AdbRsseqgrend- pass
cells dﬁde?3hyﬁgﬁb§ﬁﬁP%E%%ﬁﬁ?§‘%ﬁglcg%bﬁﬁggﬁ'aﬂﬁﬁ%%?%nﬁgﬁhgﬁ;econd pass

cells undegmhﬁp&kQ@QBMﬁmﬁGnﬁibmmﬂsamurmmgmﬁﬂﬂM?ﬁﬁ Tearndopasis SBF 05 3¢ he
culturing tdlurrlﬁon oirbetween 1 and 30 days.

34 The method according to claim 28, wherein culturing the second-pass cells
during the low-serum time period is performed prior to culturing the second-pass cells

15  during the high-serum time period.

35.  The method according to claim 28, wherein culturing the second-pass cells
during the low-seruim time period is performed following culturing the second-pass cells
during the high-serum time period.
36. A method for use with extracted blood, comprising:
20 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 1o 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
25  cells under hypoxic condilions;
during a non-hypoxic time period tasting at least 1 day, culturing the second-pass
cells under non-hypoxic conditions; and
identifying progenitor cells in the cultured cells.
37 The method according to claim 36, wherein the progenifor cells include
30  endothelial progenitor cells (EPCs), and wherein identifying the progenitor cells

comprises identifying the EPCs.
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54. The nethod according to claim50, wherein the hypercapnic and non-
hypercapnic tine-periods are wwthin a culturing tinme period |asting | ess
than 30 days, and wherein culturing the second-pass cells under

hyper capni ¢ conditions conprises culturing the second-pass cells under
hypercapni ¢ conditions during a |last two days of 10 the culturing tine
period. 55. The nethod according to claimb50, wherein the hypercapnic and
non- hypercapnic time-periods are within a culturing tine period |asting
| ess than 30 days, and wherein culturing the second-pass cells under
hyper capni gz, condi hictidg acomgHg Seim G6] whereindhe pode R IRESICEFs under

hyper capni c condi ti ons for, at least . IS tNBeR) dksx, and iwtsteid wo days
and a | astPq @ﬁyg%BFEtﬁgm%ﬁﬁgﬁ%i%ﬁégﬁﬁgﬁﬁéggod._56. he nethog accor di ng
to claim %lmﬂﬁ'gethehdaomulbetqmeﬂlmgndbﬂwpsécgmtm%%@“ﬁ%lﬁ‘fsswm‘fa’@rthe ¥i§P&r capni ¢

conditions_is perforped priof. |, UL, Re . secandripasse pelols under non-
hypercapni%“%%ﬂﬁP?%6ﬁ§$K§?QQWHEQﬁ%#ﬁggﬁ%gg%g&?%g to cFain150, wher ei n

cul turipg %&e SEE %Qe(?ﬁa%laa%t?or&lﬁé LSaMBORY whdQinhMPRfpeRP ALE neemotit ons- i s _
perfornmed followng culturing the second-pass cillg gﬂpgrmmngﬂﬁggpercapnlc
condi t i onsper’s8s ak mithinod chlering senenperipdelitngleud Rt 68 Weonpri sing: appl yi ng

bl ood to amh&Fﬁ %@%&%é@ﬂ%ﬁ§gﬁhﬁgkﬁﬂ%?kﬁﬁﬁh@&@b@ngEEGNWﬁm§$e%E@ﬂ% havi ng a

density | ess m; 25 applying the first-pass,. s.to0 a second
gr adi ent sg$$a@k@ﬂ&ﬁhﬂyﬁmé@FﬁW§mQ@@ﬁﬁﬂgﬁgﬁé yﬁ%*ﬁ%“ﬁﬁ%ﬁﬁ%%§#%§%5ity bet ween

1.055 and 1.074 g/m ; culturing the_ second-pass | L0 |44 e medi um
conpri si ngdat | Eispethyracserdizg © %1@1%%{; éfﬁle’fe?no{fhe @ ﬁpeogt%i Jél ? ngl?) r}%gqogitél t%%g of :
eryt hr qpoi Eéﬁdas MEGhthid Srolilrk, ties pedge hstilg? lefBhar sY0r dati.otnd wE¥FBne,

estriol, an estradiol derivative,  estradiol val €ubshs adk@bugypi Onat e,
30 nestranGWF”H&#Wé§¥P8P?%ﬁ& d@@?#W?“g”ﬁ%@%%ﬁﬁgﬁ@g%h$%he %roges?in fanily,

progest er oRgss celluwnkypelic coplitage Sirat tme, 2 Iy syqer 6 JES P SaE ¥dfoat e,
r“30|00><>’I0r03es_teronef cetate a statin, sinvastatin, atorvastatin, an
ant i - di abet4St™ g © t%ﬁﬂtwggiﬁ?ﬁ1azdne; and identifying progenitor cells in
the cul tur % cel LS 1'39(1 ac-lc-cr)]r?ﬁng?c; hadh %?%Erghr&glhﬂrf?lg@ﬁe%éﬂna%ass\wmma t he
progeni t or “del | $°§ HEPAHY ' |
15 hypoxic conditions is performed prior o culturing the sccond-pass cells under non-
hypoxic conditions.
42.  The method according to claim 36, wherein culturing the second-pass cells under
hypoxic conditions is performed following culturing the second-pass cells under non-
hypoxic conditions,
20 43, A method for use with extracted blood, comprising:
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 comprising estrogen and subsequently in a medium
comprising a progestin; and
25 identifying progenitor cells in the cultured cells.

44, A method for use with extracted blood, comprising:
| 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 comprising a progestin and subsequently in a 11_16dium
30 comprising estrogen; and

identifying progenitor cells in the cultured cells.
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5 endothelial progenitor cells (EPCs), and wherein identifying the
progenitor cells conprises identifying the EPCs. 60. A nethod for use with
extracted stemcells, conprising: applying tissue including the stemcells
to a first gradient suitable for selecting first-pass cells having a
density less than 1.077 g/m; 10 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/m; increasing the nunber of cells having a density
between 1.055 and 1.074 g/m, by culturing the second-pass cells for a

period | askéng @ﬁkm@@ﬂn -’ébeﬁ\md; e’a’n&acd:ayts{bodammiisidgnti fying progenitor cells in

the cultured cells. a & Qeshib@idhiBQangsher ei n the
progeni tor cel I@P]iyﬁélb@élém E’egiacﬁ?’ﬂg Ceﬁso agl tgg} cells (EI Cs),, .and wherein

i dentifying thqn&é@g@metmnbemﬂcsns lmmrrpas@e@d de@@@ﬂtd@ﬁ%}%@lgﬁ Hé“‘é?ﬁé%b 62. The
met hod accaording o _cl]aimg60 hentdngsue conprises
appl yi ng ufsist! F%%Eil CCH%’I”&“Eﬁdgjér(&:lcotmdmsﬁée?l%%é%t%grgg{jolkent "50 63. The nethod

accordi Bg to cliaidmngly profeeitei callsippieyinitged ¢véls-t i ssue conpri ses applying
enbryonic cells to the first gradient. 64. The net hod accordi ”961}%0 claim

60, wher ei m6appTiy mefhachectiins e awommsraf skins Fobi FIAGIPARERIA ET1s to the
first gr adllf? e cgc?okl—gehggn %h%@%&ﬁ(‘(ﬁ?@g' e WiRred iabiifghy theperpeiitor aipl yi ng the
in

tissue co etal cells to the first gradient. 66. The
met hod accmmdpmgs tdeutdying the ECs.conpri sing extracting the stemcells from

bone marrow. 67. The nethod according to. claim.6 " [ ilizing
the st em celll s Thometlod nascording ot #8 F%c?l Fltqlﬁfsn}g’ % r‘g%%n%?%r%ﬁ%?g%g%k{st ein

cells. ;[J%? thodcaccording to claim®60, conprising extracting the
stem ce 60§m8 plgglspherGal bl ood. 69. The method according to cl ai m 60,

wher ei n cuI A3ur i fge toehosesRbdinga®s agebhes of cc;@mtp$ i48e§; wherein the estrogen

comprises estradiol.

49.  The method according to any one of claims 43-45, wherein culturing comprises

culturing for a period lasting between 3 and 30 days.

15 50. 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/ml;
applying the first-pass cells 1o a second gradient suitable for selecting second-
pass cells having a density between 1.055 and 1.074 g/ml;
20 during a hypercapnic time period lasting a {east 2 hours, culturing the second-
pass cells under hypercapnic conditions, the hypescapnic time period characterized by &
CO, level of greater than 5%;
during a non-hypercapnic time period lasting at least 1 day, culturing the second-
pass cells under non-hypercapnic conditions, the non-hypercapnic time period
25  characterized by a CO, level of less than or equal to 5%; and

identifying progenitor cells in the cultured cells.

51.  The method according to claim 50, wherein the progenitor cells include
endothelial progenitor cells (EPCs), and wherein identifying the progenitor cells
comprises identifying the EPCs.

30 -52. The method according to claim 50, comprising setling the COz level during the

hypercapnic time period to be at least 6%.

76



5 culturing the second-pass cells in a first container during a first
portion of the period; renoving at | east sone of the second-pass cells
fromthe first container at the end of the first portion of the period,
and. culturing, in a second container during a second portion of the
period, the cells 10 renoved fromthe first container. 70. The net hod
according to claim®69, wherein renoving the at |east sone of the

second- pass cells conprises selecting for renoval cells that adhere to a
surface of the first container. 71. The nethod according to, cl ai m®69,
wher ei n resmvi Nget Aehat sceadihg somslainf $Ohexbetdn ghe dWaeRes ¥l "Cconpri ses
selecting for repoval cells that er. ‘ Wi dGe 30tayst he first
cont ai ner . "YPSCaPRif HEPHSH 5130%% | %gu@g%gﬁfa%%nécggé %\;ﬁég?ei_ n the fiyr st

cont ai ner imdckhg@s colriag tsusdcackpasheelsoindar ByreREMUE AITEHERH §OHGIE Ul e, and
wherein cul turing the cell s i I : : s IRFnLHARE bvdedayef turi ng the
cel I's in tHARUFRS BF SEGAY Efs?]gcfﬂst ng%}eﬂyﬁ%F%glecs&?ﬁg@dgr owt%]- 20 enhanci ng

nol ecul £. 3 cullhieg thet haddaccording to claim 72, wherein the

grow h-enhancing nolecule is selected fromthe_ li ?t ponsé satngln of . plasnma,
col | agen, B4.br dFiec tiethod aacgei@iRg hiof g Shnwbap™ WA PEEEY Yo A stei n cel |
surface reﬁﬁj%fc?%ﬂc Lho-pdiRs TRE RRGn ACE@iHNES Perilddthsnng B:ss viaer3idays he second
container imicludes on"a 25 surface thereof a grow h-enhanci, gl_igggl ecul e,
and wher ei pnc wherginj ayluiigethe SPqoad-PATS 1FES VRISE S EBE &M HeT corrg | ses

cul turing 68 laleSiel SBCONE; GERtcabhetonkiiahs dumkudes twhdays of

gr om h-enhgﬁglln%g%l#%le%dgﬂll?%% 75. The ﬁjgtoﬁ%d according to claim74, wherein

t he grd@t hieshlintietgesidcul e is selected fromthe list consisting of.

pl asma,- col |l agen, fibrqonectin, a growth,f or d . afdi hedy to a
stern cel | S&urf Bt meEY pi“i‘f‘Pr.dm)gg?%%}anﬂ rgnﬂaft %%%QPO?@t P %{%a%gba condi ti on,
conpri si nghwagﬁiag;z@qﬁﬁ&d@eiré azlithinlra)gésmting)rime refiodslagtppdes thay 3P AYEi n} ty of
ti ssue or a space, of a.subject selec Lh6hicSdonGans &dnipiges Of .,

ti ssue of é‘n‘bé‘fhf’]ﬁ}?e‘f%qmi‘?eﬁ{?ese%‘fn%ﬁ%fés éseﬁlgjué%%,rﬂyﬁ%}ggh’ec 56319 gla cen rﬁgl nervous
syst em ner \@lt@fng the second-pass cells under ypercapnic conditions for at least 2 hours between

15 afirst two days and a last two days of the culturing time period.
56.  The method according fo claim 50, wherein culturing the second-pass cells under
hypercapnic conditions is performed prior to culturing the second-pass cells under non-
hypercapnic conditions.
57 The method according to claim 50, wherein culturing the second-pass cells under
20 hypercapnic conditions is performed following culturing ihe second-pass cells under
non-hypercapnic conditions.
58. 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/ml;
25 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,

culturing the second-pass cells in a cultwre medium comprising at least one agent
selected from the list consisting oft erythropoietin, VEGF, IGF, FGF, estrogen, 17-B-
estradiol, estrone, estriol, an estradiol derivative, estradiol valerate, estradiol cypionate,

30 mestranol, quinestrol, progestin, a molecule from the progestin family, progesterone,
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t he subject, an optic nerve of the subject, choroid tissue of the subject,
retinal tissue of 5 the subject, sub-retinal space of the subject, corneal
ti ssue of a subject, kidney tissue of the subject, tissue of a damaged
bone of the subject, tissue of a fractured bone of the subject, inflanmed
tissue of the subject, infected tissue of the subject, contused tissue of
t he subject, damaged, ul cerated or wounded tissue of a skin of, brain
tissue of the subject, tissue of a linb of the subject, tissue of a skin
graft, and tissue of a reattached 10 severed linb of the subject. 77. The
met hod accendidig frogesldnm Haoxgoogsi-mhn gaganemediHgrogPRerEPCERP: 2appl yi ng
blood to a fi.rst gradient suitable for_. I il s s cells having a
density | eSEURH: g‘it.d%‘??g’é‘f?ﬁtit;m’ g’f)%ﬁ?%%ﬁ“?%gﬁﬂrdggs-l%ggszgﬁ%gﬁfs to a second
gradi ent sui t ablidendfong pekedts wijs sebondredSelpass cel | s having a density
between 1.055 and 1.074 g/m; and increasing the nunber of cells. having a
density betSfleen The 088haindectiddAiogein SShywhsigin (bs REPeeHET seldit P Kss cell s

for a peri L fis IE 304 d@¥Fein (Geutifiil FR! PRGer®OC@EIH NG O
clai m 76 geg‘riréﬁ?‘iﬁ‘s“% E’S“%S{@%O‘é?%tﬁﬁg@’e EPCs by: applying tissue including the
stem cel | s ompese idestityge ilRs- suitable for selecting 20 first-pass cells

having a density less than 1.077 g/ m ; aﬁgl w%t‘he first-pass cells to a
second gr adi%ent Asmuethefbloruse giith sarastdisitg Cev 6™ BEss cel I's having a density

bet ween 1.055 angdin® fidudidtluding PR #teAgelishe skenndipgasstabel bssdwetieg t hud

gradient suitable for selecting third-pass, cells having a density between
1. 055 and 1ﬁf€f6815Fg‘feHSFﬁvméﬁdie%%ty?qﬁ%?’é%gpﬁgg@he nunber of cells having a

densi t yiget ween ;151085 tantstlp@b&ighdrh secony geudlehusitnige fivescleHinedseprads cel | s
for a period lastjng between 3 an 0 79. The nethod according to

cl ai m 76, cWﬁia‘f“i%Pﬁgﬂ BF PG ﬂ%%@gz%%gmﬁ’ppl ying blood to a first

gradi ent sui t abligréeihg sl @eabbng dolis Bivipasdensigl beswiravithg wad Idehsi®ly | ess
than 1.077 g/ ; .30 applying the first-pass cell. cong gradient
suitable fo ]é‘bgttpﬁgee‘gééj(?%ofﬁﬁspfgé%p.%rlé)ld{?‘gﬁ’?%k\?/aﬁlr’lﬁ'ﬁgtagcéﬁgf&%’ bet ween 1.055
and 1.074 g/ m; ianefmgirepehing ctlén ecahdedyas cells on a surface conprising

an anti body. 80 ' _ _
15 61.  The method according to claim 60, wherein the progenitor cells include

endothelial progenitor cells (EPCs), and wherein identifying the progenitor cells
comprises identifying the EPCs.
62.  The method according to claim 60, wherein applying the tissue comprises

" applying umbilical cord blood to the first gradient.

20 63. The method according o claim 60, wherein applying the tissuc comprises

applying embryonic cells to the first gradient.

64.  The method according to claim 60, wherein applying the tissue COMPIises

applying placental cells to the first gradient.

65.  The method according to claim 60, wherein applying the tissue comprises

25  applying fetal cells to the first gradient.

66. The method according to claim 60, comprising extracting the stem cells from

hone marrow.

67.  The method according to claim 60, comprising mobilizing the stem cells from

bone marrow to facilitate extraction of the stem cells.
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80. The nethod according to claim 76, conprising generating the EPCs by:
applying blood to a first gradient suitable for selecting first-pass cells
having a density less than 1.077 g/m; 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/m; and culturing the second-pass cells
on a surface conprising a growth-enhancing nolecule other than collagen or
fibronectin. 81. The nethod according to claim 76, conprising generating
the EPCs by: applying blood to a first gradient suitable for selecting
first-passsgel hse haoagicardils idensi 6§, doepssithariragtigzpe giom celapisfyi ng t he
first-pass QeIL% kp a second gradient suitable for selecting second- pass
cel I's havigPR &Mty bet ween 1.055 and 1.074 g/m; and cul turing the
second- pass, cel.ls fq [ I i , inaNflc Beddaypassreells cul ture
medi um co risﬂhﬁ1@%&¥€m§§§g%?ﬁﬁgé%%a%égﬁ%%g%gg%ﬁ%d accord?ng to claim 76,
conpri si ngeagepniessat i ng t he EPCs by: applying blood to a first gradi ent
suitablg for selecti I fSEs el 1 §4havhRe @iring@nskt portiess thhan 1. 077
g/ m; agplying(%ﬁghgﬁg%%%%§£%£€§$¥ggﬁgﬁgh§§%ond grgdientyguitable for

sel ecting pgodnd- pass cells having a density between 1.055 and 1.074 g/m ;
and 20 cul turi o ; > 68hhBrkotca apahoftsl @shinagt beteuden 1 and 5
days in a cuIpg?%ﬂ%%%?%ﬁggggefﬁggﬁg g?eater than 10% serum 83. The net hod
according bﬁh@ﬁahwm?@ﬁﬁéﬁﬁﬁﬁggﬁﬁb generating the EPCs by: applying blood to
a first gradi enctulf;%#-_gt abl &b cothRERG o icb&ti-paRe oteld mrihdvbagella  density
| ess than 1.077 7 25 applying the first-pass cells to a second gradient

sui t abllé f omoyed Ben iedrEd&eHAY pass cel |s having a density between 1.055
and 1.074

[m; during a | owserymtine period, .c U | Lhe ogegond- pass
cells in a %ulfﬂ?@n“H%HWHW#@6ﬁBFE§PﬁB’nggnf’%ﬂ”%%@%ggkggf and during a
hi gh- ser umgldoRBpRe EiRtontkd welnige therenocordisphgsidbet e swige ebiffure 30

medi um conpri si ng ?reater than or equal to 10% serum
first containeT.

71.  The method according to claim 69, wherein removing the at least some of the
15  second-pass cells comprises selecting for removal cells that do not adhere to a surface of

the first container.

72, The method according fo claim 69, wherein the first container includes on a

surface thereof a growth-enhancing molecule, and wherein culturing the cells in the first

container comprises culturing the cells in the first container that inciudes the growth-
20  enhancing molecule.

73.  The method according to claim 72, wherein the growth-enhancing molecule is

selected from the list consisting of: plasma, coliagen, fibronectin, a growth factor and an

antibody to a stem cell surface receptor.

74.  The method according to claim 69, wherein the second container includes on a
95 gurface thereof a growth-cnhancing molecule, and wherein culturing the cells in the

second container comprises culturing the cells in the second container that includes the

growth-enhancing molecule.

75.  The method according to claim 74, wherein the growih-enbancing molecule is

selected from the kst consisting of: plasma, collagen, fibronectin, a growth factor and an

30  antibody to a stem cell surface receptor.
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84. The nethod according to claim 76, conprising generating the EPCs by:

Bl applying blood to a first gradient suitable for selecting first-pass
cells having a density less than 1.077 g/m; 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/m; 5 during a hypoxic tinme period

|l asting at least 2 hours, culturing the second-pass cells under hypoxic
conditions; and during a non-hypoxic tinme period lasting at |east 1 day,
culturing the second-pass cells under non-hypoxic conditions. 85 The

met Ihod anFB di ng el B Bralg (;C@ﬁmt hb;gm?ggml [geas@tymggmtdbeelﬁwwmbytor 10 .
appl! yi ng adi ent sui e iR pass cells
havi ng a d‘éﬁg%@s) Foeas‘é‘clf“rt}%%rtfsﬁﬁaé?aﬁ?o 36198?*%5618&% 0111; mg’itg COﬁSZSim%eI s to a
second gr adr edue 581 tﬁ@h&aﬁ@ﬁre&éklﬁ@hbjﬁg tsacofdcenpabsreak Bsgtehammgfa density
between 1,055 and 1.074 p i sting at
| east 2 hodt® u38ﬁ1?ﬂﬁﬁﬁ§%?ﬁ8fggégﬂ&9 Tg0§gggwggﬁkiﬂ%k§§} ﬁ%ﬁgggé%nlc
condi ti @ns ,thetslaaechyqne-rrempmpecd dfriee pbjebtochrohbtiant ed swbigctbyidaey 10 o evel of
greater than Siand.dhil 16 AcRUAVAC GANAL GuELITE (BRERAA ASt 0 ol | east

1 day, cultt rl}ﬁ}ECt secon ass cel non- hyper capni ¢ condi ti ons,
t he non- hypﬂn@apmmmxﬂﬁmnmpéﬁm@dme@hakaqie$uQ@Hh%ymﬁmCB@ﬂWéWéﬁmﬁﬁ’Iess t han

or equal t B icB2 Al ige Ihacgm@%&im% %acusag §£0a GhiRi N fin GRAPES BkNY

generatlng to a first gradlent SU|tabIe for
selectlng ﬁﬂn@mipassﬁ@éHMSommwmﬁgﬁhUﬁmenéﬂﬂynE@@swﬁhﬁﬁwﬂp07?“@? ; appl yi ng
t he f|r I econd gradient suitable for selecting second-
pass cél %ﬁ&ﬁ?ﬁhuﬁ g%%@%@ between 1,055 and 1.074 g/m; 25 culturing the

second- paSSwCGI Jf§e rh&h@d SR EME © dmﬁlmnaoﬁ@mﬁg 8dnB@rifd tht BREE bone agent
selected fromthe |1 st con5|st|n %%hr550|et|n EStrQ?%

estrogen-f ami | yappheekipedeto & frsy @d@éﬁtrs%ﬂb for selgctipg, Gst-pee o “Vlgﬁ est r adi ol
derlvatlve@d%ggﬁgymgjlyadgﬁﬁie estradi ol cypionate, nestrano
qui nestrol; progestin, a progestin- fanlky qglecul% _ .
applying the first-pass cells to a second gradsent suitable for selecting second-
15  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.

78.  The method according to claim 76, comprising generating the EPCs by:
applying tissue including the stem cells to a first gradient suitable for selecting
20  first-pass cells having a density less than 1.077 g/m;
applying the first-pass cells fo a second gradient suitab_le for selecting second-
pass cells having a density betwéen 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
25 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.

79.  The method according to claim 76, comprising generating the EPCs by: -
applying blood to a first gradient suitable for selecting first-pass ceils having a
density less than 1.077 g/ml;
30 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

* culturing the second-pass cells on a surface comprising an antibody.
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progesterone, synthetic progesterone, hydroxyprogesterone caroate, 30

medr oxypr ogest erone acetate, a statin, sinvastatin, atorvastatin, an
anti di abetic agent, and rosiglitazone; 82 applying tissue including the
stemcells to a first gradient suitable for selecting first-pass cells
having a density less than 1.077 g/m; 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/m; and 5 increasing the nunber of cells having a
density between 1.055 and 1.074 g/m, by culturing the second-pass cells
for a perigd | asthRGobadwaar t3ciand763Gorlaisig eB8%rating thettB68bFor use with
extracted bl ood, co i sing.._applying.bloed t0.a.fdL:s hemMe sui tabl e
for selecting F?Wﬁ%gggggﬁhgﬁﬁ gagéﬁh%m%16%%5%@?@gfgizkfﬁﬁﬁpl.0 7 g/m; 10
appl yi ng thesifyiesthapa®dieedy s to a second gradient suitable for selecting

second- pass cells. havipng a d i : 1+ OaniaRet sbieOfd @bdnd;
i ncreasi ng t he “REB8 fb@g%%¥ﬁ§ﬂ%§é¥ﬁ§&% eng%%y betmeen61;%%5 and 1.074

g/ m, by pdsh telis hangng henseboragephss ad|li0g4 gonl; @dperi od | asting between 1
and 30 days; and, identifyi r QAL tObu £k leSmpibidehe akthupieslciael I's. 15
88. The nethod‘%%Ig%dﬁ%ﬁm%%&%ﬁgf%?§7, mﬂgreiﬁ ? én%$ogenitor cells include
endot hel i atmorwigethérttion coldges o IBPTEFtn. and wherein identifying the progenitor
cells conprises identifying the EPCs. 89. A method fﬁﬁ qfe with extracted
bl ood, conpt.i siTigmalipglegdordinbioslem o campriting eegradedht 'S¢ Pabl e f or

sel ecting fir Stgﬁa@f}&% &l S N Afid safbRapsidopitesst-pdancih g g/ m ;

dividing the fi ass cells into respective first and second portions

t her eofid  dppitylestgharhed¥ig8% portion of the first-pass cells to a second
gradi ent suitablg)f0rne si6L-54kicBE: BeL06Hpasdias ehitblchay bdigtiag densdty between

)\
1. 055 and 1.074 fh1, m xj ng the secon rtion of the first-pass cells
with the c@PaS§eihg>avlﬁzgaﬁe '*‘t’fgfﬂié’ggﬁ%{jb\@rﬁ’ ‘"f.?d‘%g .and 1.074 g/ni;
i ncreasi ng the gubes mefse@ahlpssshali fg agpedehsistng revwednatl D8&sand 1. 074
g/ m,

culture medium comprising up to 3% serum.

15 82,  The method according to claim 76, comprising generating the EPCs by:
applying blood to a first gradient spitable 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 ‘
20 culturing the second-pass cells for a period tasting between 1 and 5 days in a
culture medium comprising greater than 10% serum.
83.  The method according to claim 76, comprising 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;
25 applying the first-pass cells fo a second gradient suitable for selecting second-
pass cells baving a density between 1.055 and 1.074 giml;
during a low-serum time period, culturing the sceond-pass cells in a culture
medium comprising less than 10% serum; and
during a high-serum time period, culturing the second-pass cells in a culture

30 medium comprising preater than or equal to 10% serum:.

84,  The method according to claim 76, comprising generating the EPCs by:
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by culturing the second-pass cells for a period | asting between 3 and 30
days; and identifying progenitor cells in the cultured cells. 90. The

nmet hod according to claim89, wherein the progenitor cells include 30
endot helial progenitor cells (EPCs), and wherein identifying the progenitor
cells conmprises identifying the EPCs. 83 91. The nethod according to claim
89, wherein dividing the first-pass cells conprises setting the first
portion to be larger than the second portion. 92. The nmethod according to
claim89, wherein dividing the first-pass cells conprises setting the
first portion bgphta@u swvBd kex fitshgndiheugetofd sperting Grsi-pEsg3ls )WYIEfhod for use

W th extracted ising: applying blood to a gradient to sel ect
cel I's havidgsy 1§55 ¢ Piﬁgggﬁﬁu density range; increasing the nunber of cells

havi ng a secondmﬂ@agmmﬁﬁﬁﬁmwa¢@%¢®ngeﬁb@g®dﬁmuwﬁﬁéeﬁFﬁé¢§@@é@F@ cells for

a period | asti g1.0Mdyfidentifying progenitor cells in
t he cultur%ﬁ“?ggwgu@fdﬁ5%éb ngﬁg?%%ﬁ according to clalg%93 wher ei n t he

progenigor cel ldsringne huseic temdptriee l4stns Prigehibewr: qulpng t dPAhd wherein

i dentifying,the eni glh conprises identifying the EPCS 95. The
met hod acc IHPCEP%%%MFC&%ng a“ﬁEFEIn applyln? t he bl.oof gradient

conpri ses applymnggbh@bumpmcaﬂgpaﬁﬁéﬁﬁngﬁﬂﬁﬁb gays gireng | 8?%%“ | s havi ng

a density | § Gfic@dm . 96. The method according to claim93,
wher ei n appty n&%gﬂlﬂﬁpgéaaﬁomihe gradi ent conprises applying blood to a

grg%e“}] F%’ﬂtabﬁ%nﬁﬂod%@éo@tﬁﬁé@@laﬁ@bd& &om@wmgggeaeldmshag@cw ween 1.055 and
gnn

he nethod accordjng to. clai o neasing the
nunber 16f cel | stoply@ecieAsrip Se@staaiicy FHEPEH Scraeef3 E ﬁ‘{\ﬂeﬁd%é chnrs |rll g‘ E?ast i ng
bet ween .4 qgnfmggyéllgﬁﬂmﬁhe met hod according to cIa|n193 wher ei n
appl yi ng t bl ood to the gradi

sol ution |ncIudWﬁ§“§‘3b§5%P%§Pe méh%?%@TH%ﬁst%gg%%ﬂﬁgﬁ% ﬁnr%ﬁgﬁggo ?he
met hod accgidi.fg th@ngh abddiPebrwerhenes mdppkgmy the bl ood to the gradient
during a hypercapnic time period lasting at Jeast 2 hours, cultaring the second-
15  pass cells under hypercapnic conditions, the hypercapnic time period characterized by a
CO, level of greater than 5%; and
during a non-hypercapnic time period lasting at least 1 day, cuituring the second~

pass cells under non-hypercapnic conditions, the mnon-hypercapnic time period

characterized by a CO; level of less than or equal o 5%.

20 86. The method according to claim 76, comprising generating the EPCs by:
applying blood to a first gradient suitable for selecting first-pass cells having a
densuy 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;

25 culturing the second-pass cells in a culture medium comprising at least one agent
selected from fhe list consisting of: erythropoietin, estrogen, an esirogen-family
molecule, 17-p-estradiol, estrone, estriol, an estradiol derivative, estradiol valeraie,
estradiol cypionate, mestranol, quinestrol, progestin, a progestin-family molecuie,
.progesterone, synthetic progestero_ne, hydroxyprogesterone caroate,

30  medroxyprogesterone acelate, a statin, simvastatin, atorvastatin, an antidiabetic agent,

and rosiglitazone;
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25 conprises applying the blood to a gradual density solution including

pol yvi nyl pyrrolidone-coated silica colloids. 100. The nmethod according to
claim93, wherein applying the blood to the gradient conprises applying
the bl ood to an aqueous sol ution of iodixanol. 101. The nethod according to
claim 93, wherein applying the blood to the gradient 30 conprises applying
the blood to a Ficoll-like gradient. 84 102, The nethod according to claim
93, wherein applying the blood to the gradient conprises applying the
blood to an OptiPrep-like gradient. 103. The method according to claim 93,
wher ei n appl yi agifiheidtondutiog tivesigr adisent fird @mgidns 8528lp Sy FRE Ehe bl ood to

a Percoll - Ilke %§$ﬂ6$%%88&h%8ﬁgﬂﬁ np&ﬁﬁﬁnfor use with extracted bl ood,

conprisin uséﬁﬁ radie o select cells haV|nﬁ a desired
density range; apfiyihd thlufﬂg—lmkaeceﬁeﬁ@@ﬁ@dnctgﬂdﬂlsn‘ffséﬁabée parsrladivg 48P %g between 3

and 30 days on | a didentif
e (o OSSR R SRR D ot

clai m 104, wheteidsibdithe puogeniftaohs kines dengvRsevecdddbe H8 ’genl tor
cells (Epﬁ‘%)cth andﬁl\&hs%éo%gg)aés%gmfeﬁé’bé?i&ﬁa@@ngﬁfe&&@ﬁmtaﬁ?c[ 3c@lyb.s  conprises

identifyi for use with extracted bl ood,

CO”DrISIng'yapgx%gﬂ @kggqmagmﬁmgﬁﬁﬂkﬁnhnbﬂmﬁglect cells having a desired
density range;

turing the sel ected cel c rising an
ant i body; and appling ibfopil figy 2 %F%@éﬂﬁli‘e%?u”&@? f Si“]ﬁ"tfnlﬁ(i’g—lra&ﬁaﬁu%cgdﬁ%\% . 107. The
met hod aCC@!Qhﬂ&sh&anﬁV%h$06 wherein the progenitor cells |nc|ude :
endot hel i al progenitor cells (EPCs) g aheqn{eL%ﬁggﬂﬁaﬁ_progenltor
cells lﬁonprlsé@ﬂ&@éh@iﬁVFﬁﬁSPﬁétEpéﬁmm‘GEQ%§'lﬁ% according to
claims 104 EC&QQ@thﬁkﬁkﬂﬂﬁamkynmgs&hﬂ(bhgﬂm to the gradient conprises

appl yi ng bFo to a gradient s for s ijag,a density
| ess than 1. 077’3?5?%%13% t‘ieogun"‘b?héyﬁ‘élﬁﬁ‘?) do 831t ﬁcéwte%g%:?%%@ ﬂ}%ﬁ ggr 106,

wher ei n app| Yiifdnd A8 sdbapphst el @ a period lasting between. | and 30 days; and

jdentifying progenitor cells in the cultured cells.

i5 88  The method according to claim 87, wherein the progenitor cells include
endothelial progenitor cells (EPCs), and wherein identifying the progenitor cells
comprises identifying the EPCs.
89. A method for use with extracted blood, comﬁrising:
applying blood to a first gradient sujtable for selecting first-pass cells having a
20  density less than 1.077 g/mi;
dividing the first-pass cells into respective first and second portions thereof;
applying the first portion of the first-pass cells to a second gradient suitable for
selecting second-pass cells having a density between 1.055 and 1.074 g/mi;
mixing the second portion of the first-pass cells with the cells having a density
25  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 progenitor cells in the cultared cells.

90,  The method according to claim 89, wherein the progenitor cells include
30 endothelial progenitor cells (EPCs), and wherein identifying the progen_itor cells
comprises identifying the EPCs.
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gradi ent conprises applying blood to a gradient suitable for selecting
cells having a 25 density between 1.055 and 1.074 g/m . 110. The net hod
according to claim 106, wherein culturing conprises culturing the cells on
t he surface, when the surface is coated wi th autol ogous plasma. 111. The
met hod according to claim 106, wherein culturing conprises culturing the
cells on the surface, when the surface is coated with at |east one plasna
selected from 30 the list consisting of: allogeneic plasma and xenogeneic
plasma. 85 112, A nethod for use with extracted bl ood, conprising: applying
bl ood to ag%yr adlientnethod seb@dihg cel tisivh&v) ngeinddsidied toke fisit-pyss r @tige;
culturing the selegte | 1s .on urface conprisi a growt h- enhanci ng

nol ecul e 8Iﬁ%%afﬁ%ﬁgg%&ﬁ% %ﬁ°%¥ﬂ?§%%%ﬁg%yﬁﬁgggﬁ%b%@?dentifying progeni tor

cells int o u el | S . 1he ;| Aol clai 12,
wherein thggprgg%n?§g¥&dgkﬁgméﬁg|ﬁzg‘82%5@?%31?§?£%?3322?¥%%§C%F%s (EPCs),
and wher ei peririiset seftipi thy fri eorpipo tpdsistooller ghah [t seesadpeilises | dentifying the
EPCs. 114. The nethod according to claim 112, wherein applying the blood to
the gradi eft 10 medoafrvsesitpirsehyorst ederrsesa gradi ent suitable for

sel ecting cel | saiaitshod teleHSdibk td RESt celld@Rink-aGifdt d@difeh derkilpranddie met hod
according to claim 112, wherein applying the blood to the g&@dlent

: PPl Yyl ng | .
conpri ses appl yPHgsBEdSImyerelsridieaiie 2 stropdfisucd GRsiTrety SE8E | s havi ng
a density yhetwesarcels 255 pand 1difydet@écii3.and 50 a6, andhe net hod according to
claim 112, mherein,cultpring_t?e cell p%nPrises culturing the cells on a
surface that cofpHiEREPOFHIAFAIY P PEEhe§r owt h- enhancing nol ecul e, at -

| east e of: collagen.and f.i bronecti 117. . A net hod .for uyse wiith
extrac?@d §ﬁood,F%Bﬁ@@?§?ﬁa?m%p6|§?ﬁbeﬁ13%8”?5”5’6%?%?%hf”ﬁ%§%§$%ct cells
havi ng a desdatietaldgogintityr rcelisgEPRY) aud tiieieng idech@ysel et mdgeoidr sella peri od

. . . il 0
| asting be%$@§ﬂ¥}$5§gi§ %9%?0&”' a culture mediumconprising up to 5%
serum and i dentl ylﬁb rogeni'tor cells in the cultured cells.

95.  The method according to claim 93, wherein applying the blood to the gradient
comprises applying blood to a gradient suitable for selecting cells having a density less

15 than 1.077 g/ml.

96.  The method according to claim 93, wherein applying the blood to the gradient
comprises applying blood to a gradient suitable for selecting cells having a density
between 1.055 and 1.074 g/ml.

97.  The method according to claim 93, wherein increasing the number of cells
20 comprises culturing the cells for a period lasting between 4 and 8 days.
08.  The method according to claim 93, wherein applying the blood to the gradient

comprises applying the blood to a solation including a copolymer of sucrose and

epichlorohydrin.

99,  The method according to claim 93, wherein applying the blood to the gradient
25  comprises applying the blood to a gradual density solution including

polyvinylpyrrolidone-coated silica colloids.

100. The method according to claim 93, wherein applying the blood to the gradient

comprises applying the blood to an aqueous sofution of jodixanol.

101, The method according to claim 93, wherein applying the blood to the gradient
30 comprises applyiug the blood to a Ficoll-like gradient.
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118. The nethod according to claim 117, wherein the progenitor cells

i nclude endothelial progenitor cells (EPCs), and wherein identifying the
progenitor cells 25 conprises identifying the EPCs. 119. The net hod
according to claim 117, wherein applying the blood to the gradi ent
conprises applying blood to a gradient suitable for selecting cells having
a density less than 1.077 g/m . 120. The nethod according to claim 117,
wherein applying the blood to the gradient 30 conprises applying blood to
a gradient suitable for selecting cells having a density between 1.055 and
1.074 g/ m .1086 T@anwmodmuhnwwﬁomkUSéﬂmhmheﬂxtmhﬁgeuaMb@bmu&@@ﬁﬁhMSing

appl yi ng bkg&_nwg ﬁ%ﬁﬁgﬁf % PE&PJﬁg a_gmtl}awng a desired density

range; cultu period | asting between | and 5

days in a cught urrﬁe B dh q&eo&%%"ﬂnﬂgngw@& EQ’F‘.@ tﬂ@%woqm gr%ﬂfém5

identifying progenitor cells in _the cul tured s. 122. The net hod
accor di ng ﬂ@ﬁ@ﬂ%¥ﬁmﬂﬂagmﬁh%?%wﬁI?H@“ﬂ%@g@ﬁ%ﬁOr cells |nclude endot hel i a
progenitor cells (EPCs and wherein identifying the progenitor cells
conprlsé% H&éntﬁﬁ?@hﬁl ﬁ@eﬁﬁéﬁmﬂﬁ?ébkwﬁémﬁﬁﬁﬁﬁﬁ according to claim 121,

wher ehn appl yi ngpﬂlljhﬂg? ; BbQDd atgadieﬂz&ogﬂ'asldbﬁmthawﬁga @@g&l’deﬁﬁ@ P Vi ng bl 2087t70
a gradient suitahle fo cells a_densit e t han

0/ 01 258 The AoihaE e gL B A B AR REVEr 1 STV THG o bl ood t o
t he gradienm&m&&mmpn§@§mﬁmﬂﬁwnﬂ@nhjﬁﬁd to a gradient suitable for selecting

cells having a 55 an 074 g/m . 15 125. The met hod
according to clgf %ﬁépnﬁﬁ@?éﬁﬂsgﬂg?ﬂFWﬁ’ e cells conprises culturing

t he cel a Itur medi um c risi sS.,t han 20 A et hod
for useﬂo\?\n tlﬁs extradted dbfmmému 1%”91? ll”%llﬁg’ %er°1n IBgpI B‘(f“’&t% %ﬂ]amér&gedl ent to
sel ect cel |sddthaliahgrepeniesi vcle (BE@L‘QJ tayd r\almgzan 1dmtufymg &l pwgsatoursels e

period, cul cells ina culture nedium 20 conprising
less than 13&5’13‘%9 6 B8 iRGHed

A method for use with extracted blood, comprising:
applying blood to a gradient to select cells having a desirved density range;
15 culturing the selected cells on a surface comprising an antibody; and

identifying progenitor cells in the cultured celis.

107. The method according to claim 106, wherein the progenitor cells include
endothelial progenitor cells (EPCs), and wherein identifying the progenifor cells

comprises identifying the EPCs.

20 108. The method according to claims 104 or 106, wherein applying the blood to the
gradient comprises applying blood to a gradient suitable for selecting cells having a
density less than 1.077 g/ml.

109.  The method according to claims 104 or 106, wherein applying the bloed to the

gradient comprises applying blood to a gradient suitable for selecting cells having a
25 density between 1.055 and 1.074 g/ml,

110.  The method according to claim 106, wherein culturing comprises culturing the

cells on the surface, when the surface is coated with autologous plasma.

111.  The method according to claim 106, wherein culturing comprises culturing the
cells on the surface, when the surface is coated with at least one plasma selected from

30  the list consisting of: allogeneic plasma and xenogeneic plasma.
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during a high-serumtime period, culturing the selected cells in a culture
medi um conprising greater than or equal to 10% serum and identifying
progenitor cells in the cultured cells. 127. The nethod according to claim
126, wherein the progenitor cells include 25 endothelial progenitor cells
(EPCs), and wherein identifying the progenitor cells conprises identifying
the EPCs. 128. The nethod according to claim 126, wherein applying the

bl ood to the gradient conprises applying blood to a gradient suitable for
selecting cells having a density less than 1.077 g/m . 87 129. The net hod
accordi ng 11, clminehd@ 6y uwheireixnaagilyddnepnidveinBl ood to the gradi ent

conprises applying. blood to a.qrad gnt L akl.e-fiQk astlpehédng cell's having
a density bef%@£%m§%8?gu%%%ﬂ%gﬁg%%§?ﬁ$ﬁy%%8%aTﬁé nethgﬁ_aCCO{ding to claim
126, wherein cuttuddgne tehveted ebllsn durifavg corhprisingp ooV S ERRARFDE FRHYF | od
conprises culturing the cel 1.1 cul ture nmedium conprising up to 5%
serum 1319%?H Mﬁ@ﬁ#@ﬁ°ﬁ§%8%%?%3n§o claim 126, wherein culturing the cells
during she | owidseifymg progreitpaeiion thegmredediscul turing the cells in a

serumfree culture nmedium 132. The nethod according t.o clain , wherein
cul turing ke cBid sethadiasecrding cf&ﬁlmlblzse‘?l&?ﬁ‘?“ﬁitﬁ%l’ %ﬁ‘lg’a ngérr%%ﬁ%%gs

culturing theqaeell gmtgaﬁtoa A @) 0f hetwrendchighd fedaysnior1edls The

met hod according to claim 126, wherein culturing the cells during the high-
serum ti me cpepisetidedifpre 96&PERI t uring the cells for a duration of between 1
and 30 days. 134. The nethod accordj to. claim 124 (=Y Wit uring the
celI's duri dg*t héhq ’@ﬁﬂm‘%éﬁcﬂlﬁl}”tgi1%135%?l%%ﬁllelﬂselnp%ﬁwéﬂﬁ#ﬁgb%w%rﬁ% (%r agﬁ%ﬁt uring the
cel I's dyr i ngmbies Biiding BlobdNictd gredient Suipibivi fodseleb@8 cofhbavit hésiatesr di ng to
claim 126, wherein culturing the cells during the low serumtine period is
performed MW §G%%ul turing the cells during the high-serumtinme period.

136. A met for use with ext Ledbland, | Bk BBod 20thagprkiyhng bl ood
1,\ﬁ@ ; %g%ﬁﬁ (
to a gradi gﬁ? tgﬁ%ae 18&%%@% t{%g\%nﬁg 2 desi e de,gn3| ty range;

comprises applying biood to a gradient suitable for selecting cells having a density

between 1.055 and 1.074 g/ml.

15 116. The method according to claim 112, wherein culturing the cells comprises
culturing the cells on a surface that comprises, in addition fo the growth-enhancing

molecule, at least one of: collagen and fibronectin.

117. A method for use with extracted blood, comprising:
applying blood to a gradient to select cells having a desired density range;
20 culturing the selected cells a period lasting between 1 and 5 days in a culture
medium comprising up to 5% serum; and
identifying progenitor cells in the cultured cells.
118. -The method according to claim 117, wherein the progenitor cells include
endothelial progenitor cells (EPCs), and wherein identifying the progenitor cells
25 comprises identifying the EPCs. |
119. The method according to claim 117, wherein applying the blood to the gradient
. comprises applying blood to a gradient suitable for selecting cells having a density less

than 1.077 g/ml.

120. The method according to claim 117, wherein applying the blood to the gradient
30  comprises applying blood to a gradient suitable - for selecting cells having a density

between 1.055 and 1.074 g/ml.

86



during a hypoxic tine period lasting at | east 2 hours, culturing the

sel ected cells wunder hypoxic conditions; during a non-hypoxic tine period
| asting at least 1 day, culturing the selected cells under non-hypoxic
conditions; and 25 identifying progenitor cells in the cultured cells. 137.
The net hod according to claim136, wherein the progenitor cells include
endot helial progenitor cells (EPCs), and wherein identifying the progenitor
cells conprises identifying the EPCs. 88 138. The nethod according to
claim 136, wherein applying the blood to the gradient conprises applying
bl ood to algradAamﬂméﬁnwabW@n@@mmsébb@tpwg@tﬁ%Js having a density |ess

he bl ood to 1) Qiﬁkﬁwé reln appl yi ng
tha b vod 1o 1 hipeli ikt MELAAH SR DG L BTabihy ritber

nFrlses appl ying bl ood t@l i ent
suitabl e for setwiotigige seddcres Clq]éﬁv ohg periaddigng Yot e Wi R Cé.l 1. 074

g/m. 140. ] eﬁ&%&%ﬂ%é‘ Q&thﬂlglot’/é)seﬁina'aﬂ& 136, wherein the hypoxic and
non- hypOXIC tine erio are wwthin a culturlng time period lasting | ess

t han 305days, aﬁéﬂi\ﬂ’iéﬂt@‘PEFnﬂéllﬂe%%tﬂ‘gwﬂ% gdi1 s under hypoxic conditions
conprises culturing the cells und 0 caondi tion a first
two days ofl22heTeumtethiof mycving Bef F%H¥E§4ﬂhw%ﬂ %é?%%ﬁ“ac%%gg%ﬁggto claim
136, wher eleﬁdatmazh¥p§éh@: ants MEPCY)Y pAK ivthetdinredenpyirigods progenitht leelis a
culturing tine perjio %%% | ess than 30 days, and wherein culturing the
cells undeﬁoﬁ?%%§ﬁ@m€®ﬁ8 § conprises culturing the cells under hypoxic

condi tions ay. h dgﬁﬁb Haied® 142. The
net hod accdgg ggTﬁm@Pi?ﬁ? @ﬂ d&?ézg‘ﬁﬁlﬂL§%3§%%hgh non- hgpoylc time-
per i odsmar e;om\ipﬁm Apyieg blood inggtdine spigbieoidr bastiinepls dggng haesBoFays, and

wherein u%&ﬁ the cells under hypoxic conditions conprises culturing
the cells J e 3%3&|c conditions for at |east 2 hours between a first

two days angd,a \A@ag:% dg%golfo JiddG 126 WAk E}ﬁ)l}tlhcnﬁe P&l @flthe 2hdkAS. The

met hod accor |ng a|n1 wherei n culturln Eells under. hypoxi c
condi ti ons qosmp&%f?@p]rmé feddoto & @ragdisnt B Pbg fprgel Q?B‘Fg elliniEPe fo i Phoxi ¢

condi tions. between 1.055 and 1.074 g/ml.
15 125. The method according to claim 121, wherein culluring Fhe cells comprises

culturing the cells in a culture medium comprising less than 20% serum.

126. A method for use with extracted blood, comprising:
applying blood to a gradient to select cells having a desired density range;
during a fow-serum time period, culturing the selected cells in a culture mediam
20 comprising less than 10% scrum; -
during a high-serum time period, culturing the selected cells in a culture'mediun;
comprising greater than or equal to 10% seramy; and

identifying progenitor cells in the cultured cells.

127. The method according to claiﬁa 126, wherein the progenitor cells include
25  endothelial progenitor cells (EPCs), and wherein identifying the progenitor cells
comprises identifying the EPCs. '
128.  The method according to claim .126, wherein applying the blood to the gradient
comprises applying blood to a gradient suitable for selecting cells having a density less

than 1.077 g/ml.
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144. The nmethod according to claim 136, wherein culturing the cells under
hypoxic conditions is perfornmed follow ng culturing the cells under

non- hypoxi ¢ conditions. 145. A nethod for use with extracted bl ood,
conprising: 25 applying blood to a gradient to select cells having a
desired density range; during a hypercapnic tinme period |asting at |east 2
hours, culturing the selected cells under hypercapnic conditions, the
hypercapnic tinme period characterized by a CO2 |evel of greater than 5%
during a non-hypercapnic tinme period |asting at |east 1 day, culturing the
sel ected 309celrhsmuthod recnaivatty plite dAphivdicteonaivtingse blopdiondh SHYERY capni ¢
time period_char. 1 a eyel I 4 Qhvigguadenti® 5% and
89 i dent i f yIh “%?oé@gﬁnféé%?“gg‘  EoffRlD o SR2uLANS A4 B0UMentia B)Y
accor di ng twivekai A33a48,1.0WeMei n t he progenitor cells include endothelia
progenitor cells (EPCs), and wherein _identifying the ogeni t.or, cells"
conpri ses idént ithymafed AreompEsto ckin 470, Whgelt 1%%Hg@68§kdﬁﬁﬁgb%1%whin1145,
wher ei N apRlYihGnt P&i&' Qarit R LiRingRdi@Ntn 2 CONR s@smappipyisingublood to a
gradient suitable tfor selecting cells having a density less than 1.077
g/ m . 148. Pheetvet hod according to clai m 145, wherein applying the blood to

the gradient conprises applying, bl t.o a gradi ent suitable fior selecting
cel I's havi ngta aéﬁgFﬁygd%@R%%iVg%ﬁ“%Qgégmgﬁﬁgﬂgﬁ?%ﬁﬁfﬁﬁ{&ﬁgggm%ﬁg met hod
accor di ng t@neh @hobekibd coapiips bt Betdls ga tehen-G8Pcultewcaeddmri ng t he

hypercapnic tine period to be at |east 6% 150. The nethod according to
cl ai m 145, ygher dihs ntethed hypeficapnidmdad, womein hyipeing fisrreds ¢irivg sePPods are

Wi Ehi 0. 9 CULLY A, LT RSILON AR h00:055, bRt Hlans 1 snd Saged, uher el

.Nn |
cul turi tﬁ@“%%??gﬂﬁnﬁgrpl@percap ¢ conditions conprises culturing the

RS ELY; i \d | g I krdn Edifusibe IeQcidaysin@hetbld- cul turi ng
time periodyﬁ'1?%?%%ﬁgﬁﬁ%§ﬁgg£%2%§Pgi%gE&B clain1g:°L4.15,c g
1

) wher e he
hyper capni cscandtime periodyepapisppilgring he s GraipR Owef”ﬁ‘?aﬁ?aqn‘ﬁz g‘f %B(YF‘i ng time
period lasting |ess than 30_daé§,, and eneiqrcul%uriﬂgdthet&gkh§ under
hyper capni ¢cl¥enditeinsniodaerasding Bsclan 20, WRQCIP (ituring the cells duriiy

serum time period is performed prior to culturing the cells during the high-serum time
15 period.
135. The method according to claim 126, wherein culturing the cells during the low-
serum time period is performed following culturing the cells during the high-serum time
period. '
136. A method for use with extracted blood, comprising:
20 applying blood to a gradient to 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 tirae period lasting at least 1 day, culturing the selected
cells under non-hypoxic conditions; and
25 identifying progenitor cells in the cultured cells.
137. The method according to claim 136, wherein the progenitor cells inchude
endothelial progenitor cells (EPCs), and wherein identifying the progenitor celis

comprises identifying the EPCs.
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20 cells wider hypercapnic conditions during a |last two days of the
culturing tinme period: 152. The nethod according to claim 145, wherein the
hyper capni ¢ and non- hypercapnic tine-periods are within a culturing tine
period |asting | ess than 30 days, and wherein culturing the cells under
hyper capni ¢ conditions conprises culturing the cells under hypercapnic
conditions for at least 2 hours between a first two days and a last 25 two
clays of the culturing tine period. 153. The nethod according to claim 145,
wherein culturing the cells under hypercapnic conditions is perforrhed
prior to cuBdurTmgmtthed eebidingundieim hdh)-Whgper gapnigche tlondlic hoesdie®0 154. The

met hod accor %1“%' %}199 nxllgfbl%cg'f}) wr%g.{é@f Blbﬁlymt é’é[ecprgr éeﬂ? h&%% idc’:ﬁ'é'igﬁ]ess

hyper capni ¢ ¢ SIS $8ie ¢H turin s under
non- hyperdﬁpdﬂﬂ7g@ﬂdltlons 155 A net hod for use mnth extracted bl ood,

conpri si ng: gglylng blood to a gradient to select cells having a flrst
desired deri§f’ty arigibod ageardingrtp shiire H26, ydicwin englying the biopd & BEtadied nedi um

conpri sisng c@fn LhLashpIPRe ARG o sakeat §daid &P LReidd dils GRMSE St ddgof :  VEG,
| GF, FG-, ? 1Emetln estrogen, an estrogen- fénl |y nol ecul e,
pn

17- ( 3- estréﬁ“@ %@?@Héﬁ4é§erol an estradiol derivative, estradio

val er at e, es |on nestr estr.ol est.i a

gt n 1001 alth peRet sRtiE o Parn Lo roe b Rt e BOdest Pare

hydr oxypr ogﬁﬁé@r £8 6vithad @QaduBuringTEithe Oxeyipd ng;aﬁg @450 rniema@feuayse and vakRtn n,
sinmvastatin, atorvas atlg an anti |abet|c ent _& {OSI %ltazone and

i dent i fyi ng FBEEM FOF Hekf PEOKK °p o ot ciuping B setls Dl bop

accordirng tcondiids dudidy, fvheodnys of e cpitegenivbeerigel | s i ncl ude 15

endot helial progenitor cells (EPCs), and wherein identifying the progenitor
cell's conprilseShé aethdd hacorigpgtthelaEBPCY, whe?in fMihlkypmet hutinaeiooed? figet o ¢l ai m

195, “wher el 0uaRPLY 1t NELARE b KNG A 908 mAOSBIACSuERLNING, DI 00C

to a gradi SUI ceI thavi ng a” densi ' ess than
1.077 g/ m .cuR@ing58: ceﬂhglldvehmlcazgmmm ngnmlaﬁet@éhumﬂ@§ len@ﬁ@mﬁp%pﬁpl ying the

bl ood to t h:%n(gﬂ@ag 'dﬁlq'ﬁg a last two days of the culturing time period.

15 142. The method according to claim 136, wherein the hypoxic and non-hypoxic time-
periods are within a culfuring time period lasting less than 30 days, and wherein
culturing the cells under hypoxic conditions comprises culturing the cells under hiypoxic
conditions for at least 2 hows between a first two days and a last two days of the

culturing time period.

20 143. The method according to claim 136, wherein culturing the cells under hypoxic

conditions is performed prior to culturiﬁg the cells under non-hypoxic conditions.

144,  The method according to claim 136, wherein culturing the cells under hypoxic

conditions is performed following culturing the celis under non-hypoxic conditions.

145. A method for use with extracted blood, comprising:
25 applying blood to a gradient to select cells having a desired density range;
during a hypercapnic time period lasting at Jeast 2 hours, culturing the selected
cells under hypercapnic conditions, the hiypercapnic time period characterized by a CO;
level of greater than 5%;
during a non-hypercapnic time pexiod lasting at least 1 day, culiuring the selected
30 cells under non-hypercapnic conditions, the non-hypercapnic time period characterized

by a CO, level of less than or equal to 5%; and
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conprises applying blood to a gradient suitable for selecting cells having
a density between 1.055 and 1.074 g/m . 159. A nethod for use with
extracted stemcells, conprising: applying tissue including the stemcells
to a gradient to select cells having a first 25 desired density range;

i ncreasing the nunber of cells having a second desired density range, by
culturing the selected cells for a period |lasting between 3 and 30 days;
and identifying progenitor cells in the cultured cells. 160. The net hod
according to claim 159, wherein the progenitor cells include 30
endot hel i al pr ogéniifydre reedehisor CERGs dhe catkdwaids. ei n i denti fying the progenitor
cells conprises identifying the EPCs. 91 161, The nethod according to
clai m 159, Ufer dita mghod iapgprding thlchbe 146, thercyr fhei piegenitenwplsi BeBdappl yi ng

bl ood to a gagliBnt, Sithk 1s| @pcSE! R TH A6 Sl RiAY 110 (R dBRS1 deWs | ess
than. 1.077 g/qi._f%%#%#ﬂgkﬁgt od‘gccordgﬂdﬁsglngﬁ%5155,E%hereinsapplying
the bl ood tempReesddcativamtbe BPGonpri ses appl yi ng bl ood to a gradient

suitable for selecting cells having a density between 1.055 and 1.074

g/m . 168. Te ndeRsPodceerdrnl 180a FROIGd 2Prires dieblenddP ierPd e ti ssue
conprises apRkivdsngplyiRividcdab a gRufniduagde 0 séibgingcadiRing aliedkity The net hod
accordi ng t@ cLs%pvl 9, wherein applying the tissue conprises 10 applying
enbryoni c ceft 0®t*he gradient. 165. The method according to clai m 159,

wher ei n appl yi ng..t he ti.ssue. conpri.se pl.ying fetal .cells to th
aradient ke e MGG EO LG T ERar i AynE MR SR BeAY ¢ ne
ti ssue conpedngeises @ppling bigoplaec endat eetabls foo s¢lérding rcalih Baving 4 9erkBy. The

met hod cordi ng «t.Q.cl ai 9, conprising extracting the stemcells from
bone na??omﬁgqﬁﬁﬁiﬁﬁgni%p%} 1Tﬂaiccording to claim 159, conprising nobilizing

the stemc eMQS frIrhg %eﬂgﬂ Qigco';%]flé Wi 1tlf;;‘,%iohqbfiﬁﬁfseﬁﬁltgrtﬁec&bzofév&fdu}iﬁgeth§t em

cells.
hypercapnic time period to be at least 6%.

150. The method according to claima 145, wherein the hypercapnic and non-
hiypercapnic time-periods are within a culturing time period lasting less than 30 days,
15  and wherein culturing the cells under hypercapnic conditions comprises culturing the

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

151. The method according to claim 145, wherein 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 comprises culturing the

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

152, The method according to claim 145, wherein the hypercapnic and non-
hypercapuic time-periods are within a culturing time period lasting less than 30 days,
and wherein culturing the cells under hypercapnic conditions comprises culturing the
cells under hypercapnic conditions for at least 2 hours between a first two days and a last

25  two days of the culturing time period.

153. The method according to claim 145, wherein culturing the celis under
hypercapnic conditions is perforried prior to culturing the c¢ells under non-hypercapnic

conditions.
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169. The nethod according to claim 159, conprising extracting the stem
cells from 20 blood. 1.70. The nethod according to claim159, wherein
culturing the cells conprises: «culturing the cells in a first container
during a first portion of the period; renoving at |east sone of the cells
fromthe first container at the end of the first portion of the period; and
25 culturing, in a second container during a second portion of the period,
the cells renoved fromthe first container. 171. The nethod according to
claim 170, wherein renmoving the at | east sone of the cells conprises

sel ecti ng fiem r e vattheeldkordibatic adfier 43,0 waersar talgwingf the heell§ j yuger

cont ai ner nmet hod ! ]&Q whergkh henmovi ng the
at | east s&%ﬁr %pmtché’ond?thnfslscgerﬁ)(r%iﬁgc{eg]og &l%t %}ﬁh recr(rzl)valIl celnl s that do

not adher e Hypereapsigrchabidoref t he f| rst contai ner 173 The met hod accordi ng
to claim 170, wherein the first container includes on a 5 surface thereof
a grow h- erﬂlﬁéncMgsth@ﬂﬁ?wﬂeé"ﬁh&h@d%é@ﬂﬁow}lﬁ%| ng the cells in the first

contain conpri Hilob it AdAeroGEkdt Sellshatinga Fitst §(§sn§d)c[bhs':ltyﬁﬁfgei hat
i ncl udegsrt he gro aﬁﬁﬁngeﬁ ar?calrgﬁag m)loecul ee S174 gThe nmet ho cor di n to claim

173, wherein t heulgriparhe ensid Gy b PR Bedium CHPEHES ‘? H{l‘? ﬁ%en

consi sting Qfected! @S Bhe 68! dopagAg Ji bﬁ@mem? n}:GE, @tmwpbicf:a ckoogeanth an 10
antibody to a stemcell surface rec$ gerordl ng to

cl ai m 170, shHessailepilhandedilnd! b Pﬂeresfr?ﬂﬂ’ u"tﬁ@é’lﬂoﬁ“ St“’%ff’rlfacgmt“ﬁér eof a

growt h- enhafGhdig Md-8E U bradian dypidieiee nfdsteaibl ufulnagrcﬂ hgrogeatin, sa iprogediie- second

cont ai ner conpri ses culturing the cells in t econd co i.n fhat
i ncl udedV t higmily e R e ARRETEF ﬂ’@e r?b”lltg‘é’ﬁl @Ogef?mil%ﬁ gV rr’r%?sﬁg‘i E‘ea(%gogr ding to

claim 175, Wen@w[pfbgm@ow @tk enhanciingsmih eqovestitie, aseltgpbeldt 4ge0im t he | i st

consi sting of 4) asma, collagen, fibronectin, a growth factor and an
ant i body t 0?4 '¢ igizeRt P ur f ace receptor. 93

identifying progenitor cells in the cultured cells,

156. The method according to claim 155, wherein the progenitor cells include
15 endothelial progenitor cells (EPCs), and wherein identifying the progenitor cells

comprises identifying the EPCs.

157. The method according to claim 155, wherein applying the blood to the gradient

compises applying blood to a gradient suitable for selecting cells having a density less

than 1.077 g/ml.

20 158, The method according to claim 155, wherein applying the blood to the gradient
comprises applying blood to a gradient suitabie for selecting cells having a density
. between 1.055 and 1,074 g/ml '

159. A method for use with extracted stem cells, comprising:
applying tissue including the stem cells to a gradient fo select cells having a first
25 desired density range; |
increasing the number of | cells having a second desired density range, by
culturing the selected cells for a period lasting between 3 and 30 days; and

identifying progenitor cells in the cultured cells.

160. The method according to claim 159, wherein the progenitor cells inchude
30  endothelial progenitor cells (EPCs), and wherein identifying the progenitor cells
comprises identifying the EPCs.
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161. The method according to claim 159, wherein applying the blood to the gradient
comprises applying blood 1o a gradient suitable for selecting cells having a density less
than 1.077 g/ml.

162. The method according to claim 159, wherein applying the blood to the gradient
comprises applying blood to a gradient suitable for selecting cells having a density
between 1.055 and 1.074 g/ml.

163. The method according to claim 159, wherein applying the tissue comprises

applying umbilical cord blood to the gradient.

164. The method according to claim 159, wherein applying the tissue comprises

~ applying embryonic ceils to the gradient.

165. The method according to claim 159, wherein applying the tissue comprises

applying fetal cells to the gradient.

166. The method according to claim 159, wherein applying the tissue comprises

applying placental cells to the gradient.

167. The method according to claim 159, comprising extracting the stem cells from

bone marrow.

168. The method according to claim 159, comprising mobilizing the stem cells from

bone marrow 1o facilitate extraction of the stem cells.

169. The method according to claim 159, comprising extracting the stem cells from
blood.

170.  The method aécording to claim 159, wherein culturing the cells comprises:
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 at the end of the first

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

removed from the first container.

171. The method according to claim 170, wherein removing the at least some of the

cells comprises selecting for removal cells that adhere to a surface of the first container.
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172, The methed according to claim 170, wherein removing the at least some of the
cells comprises selecting for removal cells that do not adhere to a surface of the first

container,

173. The method according to claim 170, wherein the first confainer includes on a
surface thereof a growth-enhancing molecule, and wherein culturing the cells in the first
container comprises culturing the cells in the first container that includes the growth-

enhancing molecule.

174, The metkod according to claim 173, wherein the growth-enhancing molecule is
selected from the Tist consisting of: plasma, collagen, fibronectin, a growth factor and an

antibody to a stem cell surface receptor.

175.  The method according to claim 170, wherein the second container includes on a
surface thercof a growth-enhancing molecule, and wherein culturing the cells in the
second container comprises culturing the cells in the second container that includes the

growth-enhancing molecule.

176. The method according to claim 175, wherein 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.
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