METHODS FOR COLLECTI NG AND USI NG PLACENTA CORD BLOOD STEM CELLS Thi s
application clains the benefit of U S. Provisional Application No.
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placenta cord blood stem cells and methods for using the collected stem cells.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present subject matter relates to stem cell collection from the placenta
detailing a new method which is clinically feasible, convenient, and highly efficient.
Particularly, the present subject matter describes a new finding that residual placenta
cord blood cells gathered by machine pulsatile perfusion are more enriched with
primitive hematopoietic stem cell phenotypes compared to those from conventional
needle/syringe withdrawal or gravity drainage collection and allows cord blood cells
to be used for regenerative .medicine purposes. Increased stem cell numbers
obtained frc;m a single placenta using the described method can also improve
allogeneic hematopoietic stem cell transplant outcomes and obviate the use of
double or triple cord blood grafts from different donors in order to compensate for

insufficient stem cells from a single donor graft.



2. Description of the Background Art Cord bl ood collection nmethod and cord
bl ood transplantation in adults Urbilical CB cells are a prom sing
source of HSC to perform all ogeneic HSC transpl antation for hemat ol ogi cal
mal i gnanci es and bone marrow failure syndrome (Kurtzberg at at, 1996;
Wagner etal ., 1996; G uckman at at, 1997; Rubinstein etal., 1998).
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blood by venipuncture into collection bags or syringes.

Since CB supplies are barely enough for only one time use or more recently
using double CB supplies from two non-identical donors, adult CB transplants have
been performed generally under a clinical research basis only when suitable
unrelated donors are not available. In practice, a recovery of only 20-40 ml is not
unusual and these CB cells are therefore not even used or stored (Lasky et al.,

2002; George et al., 2006). In such cases, a significant amount of uncollected CB



Over the past decade, many types of stemcells which have the capacity to
replicate, self-renew, and differentiate, have been identified in humans.
Toti potent stemcells are capable of form ng every type of body cell, and
these cells are within the early enbryo and are the so called human ES
cells. Pluripotent stemcells are capable of devel oping into endoderm
mesoderm or ectoderm Tissue sFecific stemcells are commtted to nmake
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adul t st emsted) ¢alls are capahle dfdaghing eveam tES of dobiy celhant ¢hese febits anetvitiired and

expanded in vitro to gr oduce different types of progenitors, its
appl i cat i of'g FATY AR and are the, gnegliod hupiga &) colls. Rlvrpeisntestemifeaiprg ssues.

ddit o . Ll - dor i ved .
col s has CPP ebhHing R Snfoactf migRlefm o GREBT HEn ePBRSRRLr | veo
from hemat @pRI & icomitfst R SmAIRE édHin GO BrIYBES WY afipft, HEREL) :@@ﬁc Q@g\ca I's

were found to be capable of differentiation into ectoderm endoder m upon
exposur e t celzdBi§Caare weponsible (deglliipes ofbidod/eaiByhut hd Diher Besuectypernartt  at ,
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Research studies on transdifferentiation of adult HSC continue to be
controversial and active research investigations are on going. In contrast, a number

of clinical cases have reported evidence of nonhematopoietic cell generation after



Anong debat es concerning whether truly pluripotent somatic stemcells
exist, cells derived fromthe CB and pl acenta have been increasingly
focused on as containing interesting properties for potential clinical

expl oitation. Recently, CO has been shown to contain a heterogeneous cell
popul ati on and recogni zed as a source of piuripotent stemcells (Goodw n at
at, 2001; Satrp1 hﬁg s et at, 2001; Bicknese et at, 2002; Sanchez- Ranvos,
2002; Zi govingh ttran gtion 9 ereigcdfrneplapation. A ratiawnestite tudy todenkufoat i on
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derived CO_¢ obtalned by this innovation nmay contain nore primtive
stemcells ( eII-Ilke cells) left as remant stemcells deposited in a
pl acenta vascul ar bed niche since enbryogenesis. isolation and sel ection
of primtive CB cells including ES cell-like cells and primtive I-/SC
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6 that has been described is al dehyde dehydrogenase (ALDH) (Takebe et at,
2001). The fluorescent substrate of ALDH, Al defluor (StenCell), has been
used to denonstrate increased ALDH activity in neural stern cells (Cal et
at, 2004b; Corti et at, 2006) and HSC (Storns et at, 1999). Thls nontoxic,
live | abeling nmethod can be used to identify other stemcell popul ations as
wel | (Cal of at, 2004a). Furthernore, Rhodanm ne uptake and Hoechst dye
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at. 1999). immuwichistocbemnigaheddarice roé gctoderspbant iepdpdiesmel fegturesd (MeGusiis, such
as nestin, neur on-s?eci fic nucl ear pr otein (Neu aci

fibrillary $ & c3004-Ges 1§ R s@iassofoRHoCe I ¢B lg'i'ﬁﬁ'ﬁﬁt Eﬁ%ﬂ”? (?He?ﬂ"giﬁ%l st ronal
cells were L5RAhd fimihd RlurodddeRtlafild @lordbd krabhd | eﬂ%d(ygﬁ\ﬁsy (ggeo%m gr owt h

factor (EGF? rain RV neuro rop nchez-'Ranos et
at, 2000). ?g nonnesenchynal helnatop0|et|c progenitors, several reports
have shown that human CB mononucl ear cells i ncl udi ng separated C0133+ cells
were induced to express neuronal and glial markers in vitro such at

beta-tublin I1l. GFAP after exposure to basic fibroblast growth factor
(bFC3F) and nEGThe niesent dnyentes hypothasizes tat thepe rﬂ’&lquﬁcfPﬁF”Eﬁﬁcf"H’E’r eCBr owt h
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l'ineage placenta may be a hematopoietic niche during embryo development (Gekas et al.,
2005: Ottersbach and Dzierzak, 2005). It is a simple assumption that a full-term
placenta may also contain remnant primitive stem cells adherent to the vascular
niche, or possibly due to the stress associated with "birth”, there may be an
increased number of circulating stem cells that are released from fetal BM or liver
which have migrated to the placenta niche. Thus, the present inventor hypothesizes
that placenta derived CB cells obtained by this innovation may contain more primitive
stem cells (ES cell-like cells) left as remnant stem cells deposited in a placenta

vascular bed niche since embryogenesis.



Previ ously, hepatocytes were thought to be transfornmed frominfused BM
cells in a nouse nodel (Lagasse of al., 2000), but it was found to be
caused by cell fusion in that particular |iver regeneration nodel (Wang of
al, 2003b). OQthers also found that mnyel ononocytte cells from BM HSC source
were the major source of hepatocyte fusion partners (Carnargo et at, 2004).
CB cells i from. J L) el | l.ef i cedure foll owed
by & weok Sehaa seRRloh.of AR OF Rels B Esc B AL PR BIEPTONA i ci
were found to express markers for hepatic cells after further incubation
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In sonme enbodi ments, the perfusing conprises subjecting the

nonexsangui nated or partially exsangui nated mamral i an placenta to a
pressure-nedi ated fl ow of perfusion solution. In certain enbodinents,
pressure-nedi ated fl ow of perfusion solution conprises a pulsatile flow of
perfusion solution, In sone enbodi nents the pressure-nedi ated fl ow of
perfusion solution conprises one or nore. of a positive pressure-nedi ated
fl ow of perfhashambess ddscribedis ddehydatemeirquenase (A:-D)dTakeb éfl ab2001).

per fusi on sol ution. In some enbodi ments, the method conprises
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and cooling the isolated mammal i an placenta to produce a cooled manmal i an
pl acent a. represepts thehighast eapanrlitynsfss!f-ranewings and tiuippteneye rileechet dvsol ed or

kept [ ft t, d bef fusing. | di ts,
the cool ed YRBKSiSctPOBRIRICHY & TemipaPR faPRATeS ABS L AL IR BPEPHREPH  r om
about >0C thﬁgg%tE Otﬁ exiHbsdibP Bl ABOES p%@&i#\ g%l?d%oéttal4§oopr§?:\ﬁh$ﬂgerb*b? gp] acenta

is not permtte reeze, prior to per m ng the pérfusion. I n other
enbodi ment s20d2pe ABCEZE pidleih Sis NElEd lekpieesbdaspécificamp i aicufas? st@nocely dridom about
4C to about 10C for four hours, prior to performng the perfusion. In one
enbodi nent , dedieaseh ircexpression Whgnt pregurspCeeljsrdiffarentiatey e of #, 260Dhe per f usi on.
In certain enbodi nents, the isolated cooled placenta is naintained for a
period of time of up to about 40 hours, after procurenent and before
per fusi ng. In sonme enbodi nents, the method does not require
adm nistration or injection of an anticoagulant into the placenta prior to
perfusling. In-one enbodi ment, the placenta Is not adm nistered or injected
wi th an anticoagul ant prior to perfusing.

Evidence of ectodermal cell transdifferentiation from human hematopoietic cell

lineage.

There are increasing reports of BM stroma derived progenitors differentiating
into neural cells since these cells were first reported to show differentiation into
muscle, glia, and hepatocytes in mouse (Azizi ef al, 1998, Ferrari ef al, 1998,
Petersen et al., 1999). In vitro evidence of neuron specific proteins inductions, such
as nestin, neuron-specific nuclear protein (NeuN), and glial acidic fibrillary protein

(GFAP) In cells derived from human and rodent BM stromal cells were reported after



In sone enbodi nents, the perfusate solution conprises a

physi ol ogi cal | y-conpati bl e sol uti on Bel zer (non-human use RPM of IMDM. In
ot her enbodi nents, the perfusate solution conprises an anticoagulant. In
certain enbodi nents, the perfusate solution conprises an anti coagul ant

sel ected from heparin, creatine Phosphate dextrose (CPDA), or any

conbi nat i f . r e thereof. S0 odi pents, the placenta
is parti aﬁpry&g%@%@i rne;ﬁﬁgelg 5pcr":f:"o?p '?ecgmﬁlergfoow;rlrinfﬁﬁmgﬁg@ﬁt o ge[?ér? qufEY"tﬂ(:.

Gener al | y nelild@rofifé didt?OdBDRE) bispyrangthaat gd Lir ogpbhle Rl’ﬂ%f\&ntn% Hsi ng
standard net hods such as veni puncture (for exanpl'e, by needle ana syringe)
or gravit ynaeashymge héretopeietaptagenibys, egeak reposts hage .shokh MRstathdnyan St ern
cells may be isolated fromthe cord bl ood exsangurnated fromthe placenta
by such stGhoepenusisensels. inciHdisg werarated f Priddt-scedie wenne indvgethtd expresst ern cel | s

i sol df h ' d, pl [ hod b
conbi ned PR B S8 FereRE o0k <81 A el nBrOR shef Pumie ot hods. 1 n
some emboGLiEHbbbiabGronARIchE doPb Ak PhESr ! SRILBE MLTENN gg&@rgﬁgo&e used to

derive further stemcCell ontogeny. n one e acenta is
perfused \acid aie nendei browah factorr(NGF) axfosuidi (ShecHez\RRInfbs bh 80M001;

enbodi ments, the placenta is perfused, and the cord bl ood renoved

conpri si n@lakness & a5tAWkel |s, up to about 40 hours post-delivery. in
certain enbodi nents, the placenta is pertused, and the cord bl ood renoved
conprising viable stemcells, between about 6 hours and about 40 hours

post - del i gy, ¢ endodéd HQﬂ@. , . . ched pl acenta
is perfor mag¥ %c{e%egu?seméfe){@ihﬁg 0 rgi?}éh%% T}S’ngsgggogf) 'g;’ B k%)ﬁ{ng%#ugcertai n
enbodi ment's, tieviGldRP hepatbhigesivéra ehr@hitb a6 @hafointe @b HRA BN calssyst ol i ¢
pressure ranging from15 to 70mHg. In yet further enbodi nents, the PWVPP of

t he att aciedimgusecapdel (Lagapes ¢lal.n2eP0).dt i wis fesind 4» ge nguseddmcBll fasiont 0 90 i n,
during whjc is rempgved fromthe placenta. I n _sone

i d bl d
enbodi rre?tnst?a{ PRt iVeT regrReralon Rl (angdrl ok 2a03y lireer i 1 e
_ 8 " i iz
T oend s koM Cel tim bl G S OL AT Bty bl fMidoationblS |

further erdatwliplaanérs,(cérhargBM?Bz.,Oiomh@@&éuame@h%%ﬁr%a?é B&fiJeXdied for a
m ni rum anount of tine selected fromat least 10 mn, a east 15 mn, at

| east 20 depictiontprocedste RBowedby atwdekad tsu§iengion ,cultdre| femsdd ZiDadhenrentat | east

50 mn, and at least 60 mn, wherein the nmaxi num perfusion tine is not
greater t fRinPapylalipmuhich weie fopnd toepwEasednarkes famheratia welioafter figher12

incubation with hépatocyte growth medium (McGuckin et al., 2005). In vivo evidence
of hepatocyte-like cell development in the liver treated with CCl, in immune deficient
mice after CB CD34+.CD38-CD7- transplant was reported (Wang et al., 2003a)and
more recently in a non-injury model using fetal sheep, human hepatocytes were
generated through BM reconstitution of fetal sheep by human HSC, including
CD34+/Lin-, CD34-/Lin- , CD34+/Lin-/CD38-, CD34-/Lin-/CD38-, CD34+/Lin-
/CD133+, CD34+/Lin-/CD133- derived from either BM, peripheral blood, or CB
(Almeida-Porada ef al,, 2004).



In certain enbodi nents, the isolated primtive hematopoietic stem cell
phenot ypes conpri se one or nore of CD34+1CD38- cells, CD133+ cells,
CD133+1CD34+ cells, CD133+/CD34- cells, CO117+ cells, CD90+ cells, COp9+
cells, Thyl+ cells, Lin- cells, CXCR4+ cells, ALDHhl ah cells, side

popul ation (SP) cells, SSEA-3+ cells, SSEA-4+ cells, TRA-1-60 cells,
TRA-1-81 cells, or conbinations thereof. In further enbodi nents, the
isolated stemcells conprise primtive hematopoietic stemcell phenotypes

that can differentiate into ?Qﬁl |§ §£ EEE;'QDQS ﬁ4ﬁr10038- cells, CD133+
cells, CD133+/ CCB4+ cells, = _ 2] _ I n one enbodi nent,
a method of col %ﬁ&%@%@n@ﬁfbﬁ%cﬂn%ﬁ& %Fa?é.@ 68! ifndvat i REHoR B cbitdlin ﬁé}dco”p“ S€
or consist of providing an"isolated non-exsanguinated or partially

exsangui natgisbd{@Byakivdl LAGRIE forf @i4dehta) InGAe @nitoamikbnt opkiidientors; or d

bl ood stemcells; perfusing the an isol ated non-exsangui nated or partially
exsangul nattezl plagental pesfusionaoanbe peifermed hyr pisatiltemashine pladenthloperfusion
perfusion solution to produce a perfusate congrising cord bl ood conpri sing

d I
cord bl ood (EMER)-JEMPE cap be combingg Wikeeithar ¢arer] t@“ of AeFarventiopplrpiediencor d
bl ood st emrﬁ&ln{u? ééﬁ@“\k@ﬁgﬁ&h{f“@?ﬁifaﬂw FLBQM&a‘?gbﬁQJaﬂ.&ﬁ&u&%ﬂa g'n%%leSt em
or 00 e . In

cells. The 1soldte m cells can be cryopreserve

anot her enhpdisyBite) oPgraRith@dinabe, i Inbgribt éllestRhd PMFEFOEarbbE poredtbs with

descri bed that can conprise or consist of providing an isol ated

non- exsangwnraxtieckgutamtredntaining lcagerpesfusionspiutiomty fitish ¢thebd¢ard tlood wpls @itng cor d
bl ood stemcells; partially exsanguinating the isolated non-exsangui nated

marmal i an pﬂnac%'ﬁﬁ%ﬂqeaﬂxppel&é&@ege fiRg sl cellcontaining Redipals. Jhinathadd a

I f . SI : WX fusi h
partial 1y GReandBRErCaT ireRuphof SrfieBione o b B Iua BRPHERLP " | ow of
a perfusi onyefiiitd proveRt AI6MAY!ICTha isHRdtéd pRESNtd Ban HRNBIoleY Rt AMPIPbPod
conprising cord blood stemcells; collecting the perfusate; and isol ating

t he cord blptexthgsbelice, qelor do fpediosibie ¥ pletfostorols perfatmiad owithim rothe f iaum df he
perfusate to produce isolated cord blood stemcells. The isolated cord

bl ood st emRiaseNta! isalAtion: theypipeanienersNot be cooleq Ariardapeduriaiti Hermresentiie PVPP
prusat e B el o0, iy LA B0 AL L0 A sgsgy gl
results in aﬁbé?iﬁkoé'buﬂanﬁgfi&' o) de’?fBFrﬁﬁ§ ?e(‘f@éi@rl. lpEH?&’glb%Pg%fs ?Fe' Jirsf:%é'l@{:}e bt ai ned

fromone placenta conpared to aspifation of cor romt ilical

vascul at ur eisingtddnderiorsl| Rethbas, Ihy rda@Raltdddd Blood ceMBIRtERABY &vith (RNVIPP @eh |
recovery is possible if the placenta is not exsanguinated prior to

per f or m ng betesided ye this initiah eolfegtioro ThadtMiRIR obtained corchblop@ celisheati alenbe t he
PMPP perfusate plus asgiration of cord blood fromthe unbilical vascul ature

with a cpn\?&'i?q gh&eciey &ﬁ&%?hatf’fe&rf%ﬁluﬁﬁd’?" grafhengineering aad degangratiye | nge,
results in abpul E%u%b%e% ?*h%olrxg%gﬁgﬁ df)PﬁEtCﬁ%tgﬂ%ﬁ%nﬁ\?u%?gdﬁm%%ll & &y ai ned

conpared to aspitatio rom-t vasoulature with a
needl e and pRbkHisRGE c@lsFfn thd HREREAN Al tRe bBllitRko A it dirE5H9\GRlide bidly RAS®RILbl e i f

the placenta |Is not exsangutnated prior to performng the inventive

per f usi on ey iwther preparations to a central facility makes this method potentially attractive
to be incorporated into the currently established cord blood cell banking system.

One embodiment comprises a method of collecting cord blood stem cells from

an isolated non-exsanguinated or partially exsanguinated mammalian placenta.



i n anot her enbodi nent, the PMPP perfusate plus aspiration of cord bl ood
fromthe unbilical vasculature with a conventional exsangui nation nethod,
such as a needle and syringe, results in about a 4.9-fold increased total
CO34+ cells obtained conpared to aspiration of cord blood fromthe

unbi li cal vasoulature with a needl e and syringe al one. A conparable total
cell recoy I ossible if the placenta,is t exsanguinated prior to
per f or ni néﬁﬁ%eemﬁ?@gﬁqtﬁlgarbg?marﬁeo% 'chf’.'ace”{; PEIfLFIQN 3%?'“@?%&7‘00& nent ,
the PVPP RRIEHSHif £bbfustiPdidiohOfr Sharfifh bR FEOMIGME of BlsidHe!

vascul ature wth a conventional exsangul nati on nmethod, such as a 14 needle
and syri ngelutisre tolldreduca slpetidsate tdmpBrisirg orti scpsies €ER4 oM threl |

popul ati on percentage obtai ned conpared to aspiration of cord blood from

t he unbi | ireHsaleemprigingraerd\plppd atemecalls:candrigblafingicatfeblapd plem orlle fmpar abl e
total cell _recovery is possible . if e placenta | ot exsangul nat ed. pri or
o pert or deh BT Rl pasabe rord Hopd el cols. | Peflyang gan GBI

enbodi ment,, 4 Ee?RnE ' f qm'jlrl! r t he

unbi |i cal tp\?glté(':u Eﬁ?’é@?\f {'ﬁﬁéghggﬂééejﬁftl ona{oﬂtgfgﬁﬂguffﬁ%%ﬁé’net goﬁ?@s uch as a
needl e andoliyes BOserfusidd bfuort.n about an 11 tinmes nore 0034+/ CD38- cells
being collected conpared to aspiration of cord blood fromthe unbili cal
vascul at ur e wilhhsemeaeeabedipgitss yihe n gerfusingn ecomprisempRubiesting ttbe ahorel |
recovery 1Is aﬁ»OSSi ble if th& pl acenta i s not exsangui nated prior to

per f or m nG<TAEURAGEneT PATLY fRSFRInAISEL BEmmalien PIECENIA (49§ WIFS¥fodi ment |
wher ei n t i PR ARUTELE, Blibbn? JRbdrl SoRlimEAL el QAL AG Ui | i cal

vascul ature wt nventi onal exsangul nation ne as a needl e and

syringe, bepsifision Bolaiacormpisekod purafie Gload oChaddtore ebiltidier GeRrbage obt ai ned
conpared to aspiration of cord blood fromthe unbilical vasculature with a

needl e andgmbgdimegls the amessure-meriptedafisive ot perfilsiane bluticec caregrises Dnpowsi bl e i f
the placenta |Is not exsangui nated gri or to perform nﬁ the inventive

per f usi on MR IFH P Positive prepsygrmegizied flowe abh BBTWRINT Solufien P NsevEsat e pl us
aspiratio {eggurg%etq‘h&%&)ﬁ)& L{F%%Liggsanpn[ i cal vasculature with a conventi onal
od,

exsangui nat1on ne such as a needlé and syringe, results in about a

7-fol d higher |£Dig3¢ @RidodRRP, AtHeOMmaRbARI eﬁﬂpr%égp%ﬁﬁgctﬁ@ andi he-1 on of
cord blood fromthe unbilical vasculature with a needle and syringe al one.

A conpar abksangaitated cal partielho essanglimatedssabinalinh plaeenpd dc emt @essirerot
exsanguin ﬂeﬁgte%rﬂloevr oftp%rfgga{’ttfa,ofgrn;xggnpﬁer,l ?IiaI prlll\lls(:zlglteI pve?fugigrg.fv:rjhsérgir? pgﬁ&srilr?gdi's
carried out under conditions sufficient to produce a mammalian placenta
substantially free from cord blood stem cells. In further embodiments, the placental
perfusion is performed using a peristaltic pump.
Generally, the method involves isolating stem celis present in the cord blood
of an isolated placenta. The isolated stem cells may comprise embryonic stem cell
(ES) -like stem cells, hematopoietic stem cells, mesenchymal stem cells or
combinations thereaf. Other cord blood cells that can be obtained by this method

include T-cells, monocytes, dendritic cells, and B cells.
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I n other enbodi nents, the cord blood stemcells nmay be cryopreserved. 15
in some enbodi nents, the described subject matter includes a nethod for
treating a mammal I n need of hematopol etic reconstitution conprising (a)
i sol ating hemat opol etic stemcells derived from placental cord bl ood
according to a method described herein and (b) culturing in vitro the

o0 e e Th Els? Elibal e il R fla fukr BoriBheed frblodaidilg ner o' 1

t her eby produci ng progen ncertarn e I ment's

progeny st goptifgal :%amméhé}? plae6stai frome di mh@hialial dshar Bthrofite X doRiey by
cryopreservation, for future use, such as in a unit for delivery to a

patient i nmaeeshlinheiapehta; and fcaplllrtgetheead!}atdd mearnealiarh planettt del preduce @ t her
conprise (c) introducing into the nmanmal a conposition conprising a
t her apeut i é‘%ﬂlﬂ/mémﬂ%@“ Q‘éc%n%unt of the progeny stem cells, whereby

hemat opoi et o 15 SBrEal & {; t? n@%gseo%tgéjpgxa OQ‘Eo&Q?ﬁP'kQ&’E bice Lfg, marmal

is chosen from such as™ a oon or ot her

primate.  procurehidnf 4Ry bé\‘ﬂf‘éogérﬁf‘smgsy Id Q@m@eéfﬁﬁéotﬂﬁgn@ Umee%oléﬂiisfo%'ied ncl udes

a method for treating a mamal i n need of hematopoietic reconstitution
conpri si ngpkaégnta somaintaigedhatna teymeratutecrangiaonfoeal hisout e0f© dal abowir@°@) acent al
cord bl ood according to a nethod described herein and (b) introducing into

t he mammal ffem(ﬁhﬁ‘ﬁbyq toorbobAish ipsovidpdhe Rlacapia it netrerpitiedte &epzRe PHRbunt  of
th | at t { | by h titut

< el fectelf : PTETRIoRNS RO £ REoAlRRE. the BRGRLE B Bt or o O
prinate, ﬁﬂf@' r§nglﬁé‘ﬁ net@ﬁggbc?%o&rm% R FolR ot Snor to perforH'hg

addltlonal I ments, or treating a nmanmal in need

henat opoi etHeOpdrREIBAS Th bué lemboameni, hé pREeta ke at ar@,qmoesepunfasr@i@e
isolated stemcells before they, or their derived progeny cells, are
intr oducedthemezfuaowdmnam #mbeé@mhetmwlatﬁﬁ coqled plapertpisompintaines for he

isolated stemcells, or rived cells ‘ht are. introduced
Do manAERTROnBisToRds EheUtAD o, 2l smaient a0k b BRuREenh
combination thepgghe eh%oaun%n@m%etm&saevg M rddRfte SBInfistratibn 6RRfelfidh 16
of an anticoagulant into the placenta prior to perfusing. In one embodiment, the
placenta is not administered or injected with an anticoagulant prior to perfusing.
In some embodiments, the perfusate solution comprises a physiologically-
compatible solution Belzer (non-human use RPMI of IMDM). In other embodiments,
the perfusate solution comprises an anticoagulant. In certain embodiments, the
perfusate solution comprises an anticoagulant selected from heparin, creatine
bhosphate dextrose (CPDA), or any combination of two or more thereof.
In some embodiments, the placenta is partially exsanguinated prior to
performing placental perfusion. Generally, the cord blood may be exsanguinated
from the placenta using standard methods such as venipuncture (for example, by

needle and syringe) or gravity drainage (for example, by needie and bag).
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enbodi nents, the isolated stemcells fromnore than one placenta can be
pool ed together for use In treating a manmal in need thereof. In further
enbodi ments, the progeny derived fromlsolated stemcells of one isolated
pl acenta can be pool ed together with progeny derived fromone or nore
additional isolated placentas for use in treating a manmal in need thereof.

In sone e I.aen i i f

hemat opoi re]? ?@J’rg&é%%s %%ﬁtﬁgg%yg?‘%’ei&gqﬁn%ﬁ%gfm@% h’éi“ﬁ“g%f?ﬁg r?'ctm?;mem' a, a
hemat opoi eflagentipby SR SndaA nRidids MK BEmE ichRSfherts BEMELIMVEnHbS Gidher . an

i rmunodefici ency, a malignant solid tunor, or a conbination thereof.

| n cert ai ncalinlisnkitedd ritos) thehexsamgunkted rplavestd udind) staatiandoimethiods mexyobst i t uti on
has a hemat opoi eti ¢ mal i gnancy selected from | eukem a, |ynphoma, multiple
nyei oma,  nRERESALSETCCalS RSP USinG: e PYaTEre BRBGATIAYETE.  HoSeabmal | n
need of hematopoietic r nstituti as.ap | odeficiency, resulting from
irradiati oﬁn,ntt’% ' e?r?)%'hté? g‘éﬁl’%m?h E}eé'{' ico%' %‘)’}" §°g‘a‘{'%§§ e yrﬁecﬁ’soegrtﬁa‘%ms'%] or a
combi nat i opyhdiekRPEeii ontogeny. | N an enbodi nent, the described subject matter

i ncludes a nmethod for regenerating damaged tissue in a mammal in need

t her eof , conpr irs pmegy embadimeot, tthe ipragenta i perfesetinga ther dmbilica cartetiesaoe| | s

i solated according to claim1l, thereby producing differentiated cells or
expanded strBPRIGELYSIR: InypRMe BYPPdiMeaigubR RipceRiads PREUSPENARY therfoFhblesdusl y or

direct Injection into.the target organ a,c sition rising.a

ther apeut | eVSH arPBradeti iR cefi. 4Bila BarRPR Rl meuioBM 30 By pandec
stem cel | SempdMitREREYink | fisdéRtd RISHIREES, | Y 1he &rd $iddatren]oled@ chMbldiRS

enbodi ment, a nethod is described for regenerating damaged tissue In a
manmal i n viagestemaets betveseniboset Sigbursanddhont Aghours podtidelivernmal
intravenously or direct injection into the target organ a conposition
conpri sing a tHeseprampedimeptsethedtMPR of haaltaehask pla¢anta isrrerformerstatsa em cel | s

5012 o0 5l S8 Sl PALRE po MRl b bR MM AL
0§ TR S £ R B TR 1 Pt
tissue, ephtyaefurtier ShbeiMentef the FamM eF tharattaBidEpiabErite R ParfdaNe@forHE FI GURES

time ranging from 5 min to 90 min, during which time cord blood is ;'emoved from the

placenta. In some embodiments, the PMPP of the attached placenta is performed

for a time ranging from 15 min to 35 min. In other embodiments, the PMPP of the

attached placenta is performed for a time ranging from 20 min to 30 min. In further

embodiments, the PMPP of the attached placenta is performed for a minimum

amount of time selected from at least 10 min, at least 16 min, at least 20 min, at least

25 min, at least 30 min, at least 40 min, at least 50 min, and at least 60 min, wherein

the maximum perfusion time is not greater than 20 minutes for the selected minimum

amount of time.
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In the detail ed description of the invention presented below, reference is
made to the acconpanyi ng drawi ngs in which: Figure 1. Pulsatile
machi ne pl acenta perfusion (PMPP) enables 1.5-fold Increase total

nmononucl ear cell count per placenta (venipuncture fraction plus PMPP
fraction) conpared to veniptincture alone. The figure represents an

Y 2 O PAfERhd [RibdAnts> HBTRLERA BHAMIE I IHaNERLE A &yt MO

(solid blac by machi né placen usi on mne

pattern), AstilbypssndsisisBeloay BACHoRAf! Sp3asRNast NEeIBANBb eIl HRs, S
di splayed in the Table 1. (Figure 1) Raw data is presented in Table 3.

Fi gure 2. F@Bt&ﬁﬂ@g@*obelm1 38¢IGD34r zetis, oﬁDmﬁt-raceltsd Ghgo+PbéiRP ansghod
contai ned 4.9-fold i ncreased ar to that fromthe

_ Eer cent age co _ _
veni punct ur@is. Betlitogels. Lin- cells; (XGRS celleg Dt’e | celipugide fPPBW?‘!FEhﬁR)nCt ure

fraction an VR ti 0 ( n (range
of 8 patlen%ug) Iéosléligg 8%02?@ 3123%5 #53‘519?&( 7‘5‘%% %31 Y ée 'SCL'))
(range 1. 6-cbhfbinatibh theréstP el fu&ﬁéyemw&lmeﬁfsl R rstseied\/k/t%ni Eé\rst bébrizgnt ai ned
a 3.9-fold increased total CD34+ cell Figure 4. The nean

per cent age mﬁnlﬁmnerhﬁmiﬂetlocaédnscallrpheeuwpemﬂiaum difidrdoiiBie ihtoagdlis wagerwas 0. 32
+ 0.17% (nmean + S.D.) (range 0.04-0.66) and 4.4 + 4.1% (nean + S.D.) (range
1.3-14), r dBpROR3GEIGPWe mls (FRTIHgCRIRaCOMRPECPRAL CRlh Qf PR tI3TEPH-
13-14-fold |ﬂcr eased COB84+/ CD38- cell popul ati on percentage conpared to
veni punct ur® ¥raction. Figure 5. The absol ute nunber of CD34+/ CD38-

|1 I : S. D
Ce el STLPUIRLM A STS it e httetioh o oyt S0

respect i veltyat(déng:orrmr@ pr tordist 8t progidingadn |E’6(E’Bdfﬁoatﬂxsmgmt&d%rﬂﬁdﬁall@ tines
nore CD34+/0D38- cells.
exsanguinated mammalian placenta comprising cord blood comprising cord blood
stem cells; perfusing the an isolated non-exsanguinated or partially exsanguinated
mammalian placenta with a pressure mediated flow of a perfusion solution to
produce a perfusate comprising cord blood comprising cord blood stem cells;
collecting the perfusate; and isolating .the cord blood stem cells from the perfusate to
produce isolated cord blood stem cells. The isolated cord blood stem cells can be
cryopreserved,

In another embodiment, a method of collecting cord blood stem cells is
described that can comprise or consist of providing an isolated non-exsanguinated
mammalian placenta comprising cord blood comprising cord blood stem cells:
partially exsanguinating the isolated non-exsanguinated mammalian placenta to
produce a partially exsancuinated placenta and a volume of cord blood comprising

cord blood stem cells; perfusing the partially exsanguinated mammalian placenta

with a pressure mediated flow of a perfusion solution to produce a perfusate
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Figure 6. CD133+ cell percentage In venl puncture and PVPP fraction was 0.55
+ 0.8 % (nean + S.D.) (range 042.5) and 2.4 + 2.0 % (nean + S.D.) (range
0.5- 6.8) respectively, denonstrating a 4-fold enriched CD133+ cell
percentage in PMPP fraction. Figure 7. CD133+ cell nunber In

veni puncture and PMPP fraction was 0.98 + 0.8 x 108 (nean + S.D.) (range

0-2.3) ané?rﬁpr%in’g &br8 broHABcdniRRifg ol Blopd (stern @elld) . dofidcting Jthe ipesipsatd;i vel y.
CD133+ cell 'population in PMPP fraction was significantly enriched at a

6. 3-fol d hhglemrtihgethel cord biood sfEnycrile f@m thadoBBie dimerdrblend pad &emt thge and

absol ute nunber of CD34+/CD38+ cells in veni punctu[ nd PMPP fractions was
1. 34 + 0. gergsglpcigrproduseisofated gprgedlepogemyceliy The isp aiﬂﬁ%f'ﬁé%?ﬁ' %M.) (range
1.0-16.2) ,c'?yand B 51.6%19, (nean + S.D.) (range 0,82-6). 11,9 + 15 x 108
(mean + SCHSIAQ PEADEPETEVEY) | respectively, denonstrating a 2,6-fold and

1.95-fol d i ncngaste G%ég.ﬁr/ggé? thel B BEAGRAIGs ﬁ%&ehw &F JdRNBIBsd from

respectively, favoring Figure 9A and‘98. The nean percent age

and absol weeumbiite vastuldtiDE33ith GDhventiehbiseisanywmticnrosthed susl Prubsatil e
machi ne placenta perfusion fractions was 0.37 [0.7 % (nmean + S.D.) (range
0-2) , 0. Beedle andrswingeqepyitsdn akousp, 1.5fqid ingeeage Yotgmofenualearseell Coudy (nepan +
S.D.) (range, O- 2.4 + 3.3 x 106 + S.D -

respect i vapPtgined ?Br"c?ﬂq RlRC YR EO B Hr%g) piD c(’:fc?r?%daphg&(;ggmg P‘?nlajfs»og'ﬁ?li ched
CD133+/ S i 4 hoBdie TRES 3a3h"DR4confpakdbid iiedel recovery i gure 10A
and 108.CO$ sé:u%eﬂg%%tgr cent a%e anc)zl, absol ute nunn‘[%r of CD133+/ CD34+ cells in
veni punct yessitaadr fiel pRtédte isteiiexeanyuaaet prigretof peif@minar et invastveas 0. 62 +
0.5% (nmean + S.D.) (range 0-0,6), 0.68 + 0.6 x 106 (nmean + S.D.) (range

0- 1. 89) amerfusigngnethod.8% (mean + S.D.) (range 0.35-2.9), 4.0 + 5.6 x 108

e e 5| S it o oo R B R B Pl P, O
0133+ CD%%"UI?IBIEQAI "Uagct.ﬁﬁblle Wlﬂlmleéonventional exsanguination method, such as a
needle and syringe, results in about a 5.5 fold increased percentage of CD34+ cells
obtained compared to aspiration of cord blood from the umbilical vasculature with a
needle and syringe alone. A comparable total cell recovery is possible if the
placenta is not exsanguinated prior to performing the inventive perfusion method.
In another embodiment, the PMPP perfusate plus aspiration of cord blood
from the umbilical vasculature with a conventional exsanguination method, such as a
needle and syringe, results in about a 4.9-fold increased total CD34+ cells obtained
compared to aspiration of cord blood from the umbilical vasculature with a needle
and syringe alone. A comparable total cell recovery is possible if the placenta is not
exsanguinated prior to performing the inventive perfusion method.
in yet another embodiment, the PMPP perfusate plus aspiration of cord blood

from the umbilical vasculature with a conventional exsanguination method, such as a
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DETAI LED DESCRI PTI ON OF THE | NVENTI ON In the followi ng detail ed
description, the nethods of the present invention can be perfornmed in a
nunber of different variations, and it is to be understood that other
enbodi ments nmay be utilized and | ogi cal changes may be made w t hout
departing fromthe scope of the present invention. The follow ng detail ed

descr i PLT OmhockBeARd Qifinge2lesie P64 BO1EBKSE hdleducd RERUBLARNSG) and the

scope of the present invention Is defined he appen

Al t hough a popolatisn pErcéhtage esheainsth admparet Stoaaspirdest bf RSN BRIBWrorhtthkS to be
understood that these are nerely non-limting exanples, and that any given
enbodi ment wibilichlevaseylehwre oyithnayneedigpaiids syringaealofe. t Ife chrpanablestotl celie shown
enmbodi nent, and/ or sor‘r% of .the features. of another shown enbodi nent.

A net hod of *FYPVeERIFPIEL AN PESENS, & Aot Sxpanguinatrds prqrfa Perieaping dhe conpri se
or consi st jQfan J;é,l@giggmétﬁq _exanpl e pulsatile perfusing, an isolated

non- exsangui nated or parti adl y exsangui nated mammal i an placenta with a

per fusi on sol utingt keotherashisudirie St P p&rfUERId SidSspiatich & rdlpiebem cel | s;
collecting the perfusate conprising cord blood stemcells; and isolating

cord bl ood fromeihe gipibilicalivaserlathee with 4 cenveetianal @rsadguimatios ehetbatl socr ak o1 ood
stem cel | s. In addition, a nethod |Is described wherein the perfusate,

for exanpl &eH@ARASYARE: rERHISUNSTROMT 8N Jdriines Biere B34 +ADS8: selisobeid cor d
et hod 1 o0 (P Urtefil oy ARFE! A B bl RaBIRY BB nGRTEHLE ol
count obt aingedle farnt@inge RMIGRENTA corpRAbRAIA @hiPidealdrpNs YPossiBiedif Rhood from
the umbilical vasculature with a needl e and syringe al one.
placenta is not exsanguinated prior to performing the inventive perfusion method.
In a further embodiment, wherein the PMPP perfusate plus aspiration of cord
blood from the umbilical vasculature with a conventional exsanguination method,
such as a needle and syringe, results in about a 5-foid enriched CD133+ cell
percentage obtained compared to aspiration of cord blood from the umbilical
vasculature with a needle and syringe alone. A comparable total cell recovery is
possible if the placenta is not exsanguinated prior to performing the inventive
perfusion method.
In yet another embodiment, the PMPP perfusate plus aspiration of cord blood
from the umbilical vasculature with a conventional exsanguination method, such as a
needle and syringe, results in about a 7-fold higher CD133+ cell population obtained
compared fo aspiration of cord blood from the umbilical vasculature with a needle
and syringe alone. A comparable total cell recovery is possible if the placenta is not

exsanguinated prior to performing the inventive perfusion method.

In other embodiments, the cord blood stem cells may be cryopreserved.
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A further nmethod is described, wherein the perfusate, for exanple,
resulting frompulsatile perfusion, plus aspiration of cord blood fromthe
unbi l i cal vasculature with a conventional exsanguination nmethod results In
at least a 2-fold Increase, a> 2-fold increase to a 10-fold Increase, a
4-fold increase to a 6-fold increase, or a 5.5-fold increased percentage of
CoBidr ce 1 ONhaAlRRAeREGHAERSE, il IR LB Ot i80S MERBLGS

unbi l i cal vasculature wth a needl e and syringe al one. A nmethod is
descri bed treafiey ®infanirhsl ip @bl 28 hematopsietx arPhitutior Tohiphisiga {#)0slpsHgsat i | e
perfusion, plus aspiration of cord blood fromthe unbilical vascul ature

wi th a 21 hemetopeiatic sieal cellgsienvrd fiemirarenigt hard biensiaqcording te al ngthetd

i ncreased totisl D34+ caleg? oEt ai n_ed,coggeaf_led to aspirati or of cord bl ood
from t he GRETTPPLAERIAA0H; & GHErRER 4o, Lianemalegoiels sisge callsoltatated Al so,
a met hod i l s e t | r [Ein
ul st | ¢ "B A 4 Bt 66k ed REreRPIoER shoq ol (TR fem SR 1 Cal
vascul at urcertath EmbadifRnise tck o PRigefX SiamAiis alaly @R Uil hasetiaty drisidiggat | east a
540l1d increase, a > 5-fold increase to a 20-fold increase, a 12-fold

i ncrease ffay exampi@4y cryppreservation, or fidurequsg, shichl as ime uew derdded@sy 4 @8D38- cel |

popul ati on gqer cen%%ge obt ai ned conpared to aspiration of cord blood from
t he unbi | PAYENtILEReH BEtRok her rpends dhe Jrsthpgemay fber comprisep gt hod

s descr i ety IGHE ko WS RSEEHS Bl Rorshith BB . SHhkblly SRkl | ©

perfusion, ‘plus aspiration of cor Ical” vascul ature

Wi th a coameiht c?iRd pRYEANSEM G@IL, GiheftlyHehdieordtit Feddhs@litidreid Sfe&tedi MBS NDI €,
5times to 20 times nore, 10 tines to 15 tines nore, or 11 tines nore

CO34+/ CO3 8 semk | embtzsirments, olhk gpamsohat snpleosen ftoon as piuman ioore efimeter dorbl ood from
the unbilical vasculature with a need| e and syringe al one. A further
met hod i s SYRBRIP HER 25 ARaPRI o ater BEMF§sat e, for exanple, resulting from

pul satile per flﬁthr?é?’en%o AP QtJchQib%.s%g{egt Rbﬁ%r?iﬁélgé?é@eéﬂﬁ?tgg?if&i cal

vascul ature with a conventi ofal ~exsangui nation inat |least a

é—D f1 8'3‘1 . ltrlgétﬁéda hiainfnat Gn hebdl of Rerftatbpdibtict R canbtifnib® |cgt_mpﬁ'§in%3‘ (é'ié@itﬂquenr i ched
percent age obtai ned conpared to aspiration of cord blood from
t he unbi | hembtopaisiiaistainuced!s \detivedafrome eticentahcbrd \hldodgescaldingeto a method
described herein and (b) introducing into the mammal a composition comprising a
therapeutically effective amount of the isolated hematopoietic stem cells, whereby
hematopoietic reconstitution is effected. In some embodiments, the mammal is
chosen from a human or a primate, for example, such as a baboon or other primate,
In additional embodiments, the method for treating a mammal in need of
hematopoietic reconstitution may further comprise cryopreserving the isolated stem
cells before they, or their derived progeny cells, are introduced into a mammal in
need thereof. In further embodiments, the isolated stem cells, or their derived

progeny cells, that are introduced into a mammal in need thereof may be allogeneic,

autologous, or a combination thereof, to the mammal receiving the cells. In certain
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A method is described, wherein the perfusate, for exanple, resulting from
pul satil e perfusion, plus aspiration of cord blood fromthe unbilical

vascul ature with a conventional exsanguination nmethod results in at |east a
Mold, a 3-fold to a 15-fold, 22 a 5-fold to an 19-fold, or a 7-fold higher
C0133+ cell popul ati on obtai ned conpared to aspiration of cord blood from

th mbi | i cal | e With a needl e and syringe alone. |. Definitions
Thg gel IovvI %‘P?%ﬁﬁg’gﬁ%égﬁ‘\%ﬂ 8tepy 65'?&@"?&"8@%"&9[@ RIBFRIYR F@hbe preledst andi ng

of the speghflicats al ludi S iven such
Corm, por oL eehiel P Rseblil) fnard el WHLED pehor P REPeRBodit. B8 o
i nduci ng a grbgenyderifed koimd isorfed efent beIRUG o BOIBIAXSAROY Bt 86 fRbied
partially exsangui nated pl acenta, preferably the passage of fluid through a
non- exsangubgeinerwithrpregesarderivgd fyoraene g mormadsitionabiselated plicehtas tdrfusei ent
force or pressure to renpve an cells, e.g., non-attached. cells

i dual
from the oryYretHe & Mevmal i“,@eﬁg'ﬁrﬁgqsﬂar (l;ian, the term"perfusate" refers 'lto
i ks J t . a
the fluid collegt ggmgo%rhgg%glrg?es:t qhgqﬁéﬂ%ifgpgrg% gn "gnqﬁ%n%lr ggé(gfﬁlige n a

preferred enbodi nent, usate con ns “one~or mnore ants.
flow of pemetitdpoictio! cbRNitBA ROBEI T nfarfh&IS fk endi SoRked drbmiy, Of

perfusion solution. A pressure-nediated flow of solution can conprise a
posi ti ve oremaippoietie pralignancy, mpdiaatorombne wdisdasepl ait geretic Adipordes uae
medi ated flow of solution can conprise a pulsatile flow of solution.

_ immunodeficiency, a malignant solid tumor, or a combination thereof.

In certain embodiments, the mammal in need of hematopoietic reconstitution
has a hematopoietic malighancy selected from leukemia, lymphoma, multiple
myeloma, myelodysplastic syndrome. In further embodiments, the mammal in need
of hematopoietic reconstitution has an immunodeficiency resulting from irradiation,
chemotherapy, infection by a pathogenic microorganism, or a combination thereof.

In an embodiment, the described subject matter includes a method for
regenerating damaged tissue in a mammal in need thereof, comprising: (a) culturing
in vitro the cord blood stem cells isolated according to claim 1, thereby producing
differentiated cells or expanded stem cells; and (b) introducing into the mammal
intravenously or direct injection into the target organ a composition comprising a
therapeutically effective amount of the differentiated cells or expanded stem cells ,
whereby tissue regeneration is effected. In a further embodiment, a method is
described for regenerating damaged tissue in a mammal in need thereof, comprising
introducing into the mammal intravenously or direct injection into the target organ a

composition comprising a therapeutically effective amount of the cord blood stem

cells isolated according to claim 1, whereby tissue regeneration is effected.
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Pei fuslng can conprise perfusing with at least a first volune of perfusion
solution for a period of tinme of fromabout 10 m nutes to about 1 hour from
about 15 m nutes to about 45 mnutes; or from about 20 m nutes to about 30
m nut es. Perfuslng can conprise perfusing a non-exsangui nated or a
partially exsangui nated placenta in an open or closed rigid or deformable
contai ner. ThemZ&he.cgmbaammscannﬁmmrissees@ % wreregéné?ar Uéé.ﬂ&re%o' ution
such that the nonexsangui nated or a parti aI y exsangui nat at ed

pl acent a itiesutinnemgathal ih héeel therebf sihereirs tleltisk 0 c6@pistisN 6B bNmbhescont ai ner
during perfusing, whereby the volune of perfusion solution and the

per f usi on cowiagtissue. carcis Yrsueiliven thveus htnanewel tissee.donbitisewr, ppittwlial o

i sol ati ng ord bl o q‘astem cells there from The , subnerged isol ated

pl acent a 8'“§Lﬁrre aﬁ P perfusion solution can be at anbient pressure or
can be subjected to a positive and/or negative pressure. Per f usi ng
can conprise subjecting a non-exsangui nated or a partially exsangui nated
pl acenta to a pul satil e BRiBWDESCREPTION O THEIRMGURESUSI Ng a pul satile or
peristaltic punp, for exanple, at from about 15 to about 90 beats/ mn and
at a systolic lpr@ssdﬁ’tailedfdmmtbabﬂdheisvetnﬁorawn@ beitwy; refarente @bout 60
treats/ mn and at a s c pressure of fromabout 30 to about 70mrHg.
The pressagedpiieascom %nyr@ dﬁﬁ@ﬂg%'P WAM  perfusi on sol ution through the
mammal i an placenta will be sufficient to generate a flow of solution froma
pressurized system for exanple, a peristaltic or pulsatile punp or device.
The use of perrigdral 1.i Puﬁﬂﬁ@irﬁﬂchﬁtéﬁ?ré%nté %‘érh%fbﬂtﬁNFfFf)t emdbledn 1@troterility
In the solutions being induced to tflow through the placenta. The act ual
pressur e lnsiegise tatalpuensinaglearael cownt adf Ristant (venippridture fractiermuwsaPMBP cor d

bl ood froma, partially exsangui nated or_nonexsangui nat ed pl acent a.

Per f usi onf’§6t|°81 FB‘HP?’ﬁé tPé’reHﬂp“%H"FLﬂ?Qﬁ'l T88| figureorerrensat§samAfalysis of 8

placenta derived CB samples obtained by venipuncture method (solid black)
followed by machine placenta perfusion method (stripe pattern). Arabic numbers
below each bar represent the sample numbers displayed in the Table 1. (Figure 1)

Raw data is presented in Table 3.

Figure 2. Percentage of CD34+ cell fraction obtained via PMPP method
contained 4.9-fold increased percentage compared to that from the venipuncture

fraction.

Figure 3. CD34+ cell count from venipuncture fraction and PMPP fraction was
7.4 x 10° + 5.9 x 10° (mean * S.D.) (range of 8 patients, 1.1-18.2 x 10°) and 28.8 x
10° # 37 x 10° (mean * S.D.) (range 1.6-116 x 10%), respectively, indicating that

PMPP fraction contained a 3.9-fold increased total CD34+ cells.
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physi ol ogically conpati ble solution or nedia conprising an anti coagul ant
sufficient to sustain viability of cord blood cells conprising stemcells
Sui t abl e perfusion 24 solutions can conprise of consist of a RPM (Roswel |
Park Menorial Institute) nedia, optionally conprising gluconate and/or
heparin, for exanple 1000U heparin for a total volune of 1 liter; and

Bel zer MPS optionally conprising heparin, for exanple 2000U heparin for a
total volune of 600-750 m. Qther suitable perfusion solutions are known

and can be readFlgﬁréﬂl?ﬁé%aﬁ%m y&%l?%at?@?3@fceﬂ§ .Qéﬁi%{urﬁz I lanhyn_the

art. Perfusing can conprise per using wt east a first vol ume of

per f usi on seMPPif@BtionBeldsUSBRG 0 67% est S.0Y (@Hbe 010420 .66EparH4 Wiseropf from
about 4C to about 27C, for exanple, at roomtenperature. First Vol une. The

term "fir st(imeahuheS.Doe fasger uaﬂmmeemee&vqherdeuw\etnatml that dPMPBr frpatiofiusi ng a
non- exsangui na ed or parfiall exsangq;Pnat ed 1sol ated manmal i an gl acent a,

The first VOPER®dR p ?‘ﬁg‘l"hg EERRAY PR CI R oY e PRRUIRNIGRS iPSEcepiage r om

about 250 | 0 about 2 liters, fromabout 400 mMl to
about 1.5 rgit'@rggﬁﬁwﬂfé@éut ﬁ%gtb& to about 1.2 I|ter s, from about 600 ni

to about 1 liter; and from about 600 m to about 750 m perfusion sol ution.
Pressure Medi at ed Flow. The term "pressure nedi ated fl ow' neans a fl ow of
per f usi on sol ut Figare S.dTivee ebsolutp ogimtier of QDMMe2D38 eells #s genipuncture and

PMPP fraction was 1.7 + 1.5 x 10° (mean # S.D.) (range 0.12-5.2) and 17 + 22 x 10°
(mean + S.D.) (range 0.86-65), respectively (Figure 5), indicating that PMPP fraction

contained 10 times more CD34+/CD38- calls.

Figure 6. CD133+ cell percentage In venipuncture and PMPP fraction was
0.55 + 0.8 % (mean * S.D.) (range 0-2.5) and 2.4 + 2.0 % (mean *+ S.D.) (range 0.5-
6.8) respectively, demonstrating a 4-fold enriched CD133+ cell percentage in PMPP

fraction.

Figure 7. CD133+ cell number in venipuncture and PMPP fraction was 0.98 +
0.8 x 10° (mean + S.D.) (range 0-2.3) and 6.3 + 0.8 x10° (mean + S.D.) (range 0.55-
11.2), respectively. CD133+ cell population in PMPP fraction was significantly

enriched at a 6.3-fold higher level.
Figure 8A and 8B. The mean percentage and absolute number of
CD34+/CD38+ cells in venipuncture and PMPP fractions was 1.34 + 0.6 % (mean +

S.D.) (range 0.26-2), 6.1 + 5.1 x 10° (mean + S.D.) (range 1.0-16.2), and 3.5+ 1.6 %
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Negative Pressure. The term "negative pressure” neans a pressure bel ow

at nospheric pressure, i.e., less than one atnosphere. Positive Pressure. The
term"positive pressure” nmeans a pressure at or above one atnosphere, i.e.,
greater than or equal to one atnosphere. 25 Exsangui nat ed Pl acent a.

The term Exsangui nated Pl acenta” neans an isol ated placenta fromwhich all
circul ati 0 APVAT) Qr 4 M t har | .€m ploodl ess.
Non- &san%%gt%§'6$§é ?g:bméfﬁgnﬁgsa%%i 4rﬁlﬂgt@(;‘sgﬂl 'Jécsg[r)n)a(}éﬁﬁe%za glb? i sol at ed
pl acent a fregpacidifh dBMoRétftiHg 241 0G-Bl0BAM NaB5RAE NinkRABY edDa4+BbbEAr awn.

percentage and absolute number, respectively, favoring PMPP.

Figure 9A and 9B. The mean percentage and absolute number of
CD133+/CD34- ceils in venipunciure and puisatie machine placenta perfusion
fractions was 0.37 + 0.7 % (mean + S.D.) (range 0-2) , 0.36 + 0.7 x 10° (mean +
S.D.) (range 0-1.9) and 1.16 + 1.5% (mean + S.D.) (range 0-5), 2.4 + 3.3 x 10°
{(mean + S.D.) (range 0-9.9), respectively, indicating that PMPP fraction contained 3

times enriched CD133+/CD34- and 6.6 times more CD133+/CD34- cell number.

Figure 10A and 10B. The mean percentage and absolute number of
CD133+/CD34+ cells in venipuncture and pulsatile machine placenta perfusion
fractions was 0.62 + 0.5% (mean + S.D.) (range 0-0.6), 0.68 + 0.6 x 10° (mean +
S.D.) (range 0-1.89) and 1.26 + 0.8% (mean + S.D.) (range 0.35-2.9), 4.0 + 5.6 x 10°
(mean * S.D.) (range 0.35-16.5), respectively, demonstrating that PMPP contained
2 times enriched CD133+/CD34+ cells and 5.9-fold increase CD133+/CD34+

absolute cell number.

DETAILED DESCRIPTION OF THE INVENTION
in the following detailed description, the methods of the present invention can
be performed in a humber of different variations, and it is to be understood that other
embodiments may be utilized and logical changes may be made without departing

from the scope of the present invention. The following detailed description, therefore,
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Partial | y- Exsangui nated. The term "Parti al | y- Exsangui nated Pl acenta” neans
an i solated placenta fromwhich a portion of the circulating bl ood has been
renoved or withdrawn. Stem Cell.As used herein, the term"stern cell™
refers to a master cell that can reproduce indefinitely to formthe
specialized cells of tissues and organs. A stemcell is a developnentally

Gaught er s etBIies aRe) Ty P Sibe arch o8 Sprd BiFbey &
("transit"” befﬁ%hl%tﬂ@é@énh@&?la?ﬁs‘?' iferates into the tissue's mature, fully
T

formed cell's. "stemcel " used herein Includes "progenitor cells"

unl ess ot her w satheagted .number of dietratecgihaeiirnénts hdesetibed belowy Bistoe M ti ve
bl ood cell progenitors that have the capacity to self-replicate, so as to
mai nt ai n aucdaistoedidbat these careomerely arnarlimitinge examples, and that @nyfgivamti at e,

R e e
| f- i ' j j I'I's I'ncludi th
L) P GRS, Ty TP M BPLSE g3 7l v 0 L

m croenvi r onmens meted of BSlletlifytdi€ blogd S&hf cls @ ddsefisddthanchnapivipried yr Mai Nt ai n
conti nuous production of all mature blood cell |ineages throughout life.
CD34+ cel | sormist ofipériusing, i exhmplegpuisatiletpeifesing.opoiselated noineaxsargduinated

identifiable in bone marrow, peripheral blood or neonatal cord hl ood. The
Suppl ement ORFRIHINEXRRETIARS: MERETAIRE BBRTER AR & RSP SOBPR FLETOGTS, sui t od

for suppor bizagy Litg SRABRY Wi bioblP ki, GEtd. Sobilng Shd peftlsall Ehiblidg neage
. ! rd blo erfusa i ’
i ncl udi ng I'—F%?rll:1 celcl(a)éhfB er ﬁ"alr oclyt es, T'&?& g c_eP?s, _ ﬁegaskar yocytes, CFU- GM
cell's, nongsutiReed SRAT BARAGAE isdIRtiNg @R ibldbdeRsmneBifiom tingelasepi |s. In
earlier stages of devel opnent, cells of nyeloid |lineage express the CD34+
mar ker pr opexdace isolatedicord oahstemalellslevel opnent, cells of nyeloid |ineage do
not express detectable |evels of the CD34+ marker protein. i
In addition, a method is described wherein the perfusate, for example, resulting
from pulsatile perfusion, plus aspiration of cord blood from the umbilical vasculature
with a conventional exsanguination method results in at least a 1.5-fold increase in
total mononuclear cell count obtained from one placenta compared to aspiration of
cord blood from the umbilical vasculature with a needle and syringe alone.
A further method is described, wherein the perfusate, for example, resulting
from pulsatile perfusion, plus aspiration of cord blood from the umbilical vasculature
with a conventional exsanguination method results in at least a 2-fold increase, a >
2-fold increase to a 10-fold increase, a 4-fold increase to a 6-fold increase, or a 5.5~
fold increased percentage of CD34+ cells obtained compared to aspiration of cord
blocd from the umbilical vasculature with a needle and syringe alone.

A method is described, wherein the perfusate, for example, resulting from

pulsatile perfusion, plus aspiration of cord blood from the umbilical vasculature with a
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Whet her a cord bl ood stem cell expresses the CO34+ marker protein can be
determ ned by one of ordinary skill in the art using well-known techniques,
such as fluorescence activated cell sorting. CO34+ henmat opoi eti c
cells" or "CD34+ cells" are hematopoietic cells which express the CO34+
surface marker protein. Such cells include but are not limted to

hemat opol %h@en‘ﬁ&ﬁ‘d’(‘e‘ié‘d W%thﬂd sﬂﬂ?ﬁ 4 £5-1Q irfdf2EHE TR G934eSeeygr YL T 01 d

progenitor or precurso and ol d progenitor or precursor cells

CD34+ cel |obtiasa dompassd ﬁtégélrétro%m&ﬁ}d lﬂSécBﬁorﬁQﬁéjurhbiﬁéﬂ vagwﬂuren:ﬂmfélsat eto

produce isolated cord blood stemcells using nethods that are well known by
t hose of deddlaang sykidelalane.the art. Various systems are available to those
of ordinary skill In 27 art._ For exag&l the M croCELLeotor Systern. RTIVI

(Applied | muiisosgimnatqsis desqiibes wieatrle theRpsiuaate oI exasirle. resulingdiem ¢ he
St er ”Sepcéylﬁﬁx Z;feﬁﬁ&&%ﬁg%%hﬁaﬂ;ﬁ%?@% B0 FebnCRE PR‘BII@%‘AE&EA}E%%H 5ed to

i sol ate preparation 0 aor CO34+

cel I's on ach@igekai $RRuInSYST ARTholBEXME 8¢l abiafiaxsMid iiRaddsBCanes-fgl CePro
are available to those of ordinary skill in the art. The terns

"hemat opoiidréasedo @i 20-oll intrease] d' 1a-fold jpoteesd toham88-fgid inetdase,serear m4.8el | * ref er
to a cell which can g&ve rise to any tbg pe at hemat opoi eti c progenitor or

recur sor R ipcrepsed L3 F Gl RAPHIGEYR tRereepteapr dtaiped reopwrres! tar vt hr oi d

0 t Ill nlﬂn I
pr ogeni or, BR & 058 t %P %@ % [ rsor cells.
Hemat opoi & PFat's{‘e?n%équP °8d|f§ h% 4 Q%Q QQ}/‘}‘ gee‘%enot Sy or a CD34+
(FI LD DR aidneD38- phenot ype ( Dal ey J. P. et al., Focus 18:82- 87 (1998);
Pinentel, E., Ed., Handbook of Growmth Factors Vol. Henatopoietic Gowh
Factors and Oyt olethodsis qescrikied? wheR® e perfusBle; doRetapnple, Fteaulting 3@4) .
1. Met hod of collecting |ol acenta CB cells with or wthout prior

pulsatile perfusmn plus aspiration of cord blood from the umbilical vasculature with a

conventional exsanguination method results in at least 5 times more, 5 times to 20

times more, 10 times to 15 times more, or 11 times more CD34+/CD38- cells being

collected compared to aspiration of cord blood from the umbilical vasculature with a

needle and syringe alone.

A further method is described, wherein the perfusate, for example, resulting

from pulsatile perfusion, plus aspiration of cord blood from the umbilical vasculature

with a conventional exsanguination method results in at least a 2-fold, a 2-fold to a

10-fold, a 4-fold to an 8-fold, or a 5-fold enriched CD133+ cell percentage obtained

compared to aspiration of cord blood from the umbilical vasculature with a needle

and syringe alone.

A method is described, wherein the perfusate, for example, resulting from

pulsatile perfusion, plus aspiration of cord blood from the umbilical vasculature with a

conventional exsanguination method results in at least a 3-fold, a 3-fold to a 15-fold,
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conventional CB harvesting A proof of concept pilot test for a method
for CB harvesting using a pulsatile perfusion technol ogy using Waters' RMB
pul sati ve perfusion device (Waters Medi cal Systens, Rochester, M\) wi dely
used for renal preservation was successful. The device was originally
designed to inprove the inmediate function of the kidneys which are stored

oo &l | AGEPELS B 182, Bp 7Rk ek athia3R SR BSHTAER ditarldloBied P, (2
liter or B?d waMDnSofmo‘r@ bﬂo@@?roapﬂgl&nmféam&c&@@% \Xlﬁ@aﬂneeeibz.—,efd dyRisgan t h

2000U hepari n sodium, Presently, it has been shown using a baboon

pl acenta, ufepefeasibility of this nethod and successful perfusion and
removal of the entire 28 remaining placenta CB. The collection of an
absol ute total nononucl ear cell count, colony formng cell (CFC) count,
CD34+ and ﬁ? /.CD38- percentage and count was approxi mately 2-fold hi gher
when machi %@?'?Tﬁl on was added to the conventional venipuncture nethod
conpared 1o venppyn a&ﬂfﬁhbgﬁm@k&aﬁwdeacnearBﬁ&e&a%ﬂt@ﬁdaé@ﬁa.ﬁg Bg baboon
CB col Il ection by pul sat e machi ne perfusion, this nmethod was tested on
human pl ac g specifidzitigh anéBlaing, lirvhidiry the eeope tp Be givensdctorrBs- 41 week

pl acentas from 7 normal vagi nal deliveries and one caesarian section under
the clinical protocol appr oved by t he Uni ver si ty of Mar yI and I nstitutional

R Board. Pariial X ) { th
ng\é:jle\évl s??.r nge ?#“égpl r a?{?O*Pﬂg gﬁ'ﬁ?’ 'Eﬁﬁ'r‘ﬁ'?'l §e%555§yt8? gc‘a n%’Swgg%Wt he

unbilical Goi brPhuiG! AP 87 1RBflgd BendiiBXaNGniEd oy & pshith] &R ahdlindacent a

was still er us s met I's use or both trans-vagi nal and

caesari an pReémtaNpreferdbiXing pesadiconfiup thradigh GPharedisanguinetedioda iptrtialy one of
several nethods used widely for routine CB collection. The 18 gauge needl e
was att achegsanguiBétedrpl@entd with rsuffipiant derde tanepresspre ia Mo ﬂmt egsichal was

i mredi ately transferred to a 50 m conical tube containin R?g of heparin

SIO| ution. 1’2@ €8 Rrratpched vals framete Arean, ondissue: (P (5ot dsET everp]_t
b ocedure. ERuage’ i g TBiCOfSfey TbuERR: brarse ”’@%@%ﬁﬁéﬁfaﬂni 2 was

delivered kgifel NG >é %Efe%&%ﬁhdébﬁﬁﬁl ¥he NiéHuaatet @bhlams! Dakalir omokag (3M
Health Care St. Paul, MN). If the placenta required visual exam nation, it
was pl aced aﬁrcoagmasagl | Aefibw 8y perfutsidnr sohaibe care domprise spresairedmediatard #aw on bag
at the tinme of conpletion of the exam nation. The placenta was wei ghed

wi t hi n t he o§ perfusiop seligjons Averassurgipediated flow °b§f§utwa§amgmpr'§e EIF’8§'§Y§P and

placed into triple ba |so&t£ E anlce wi t.h ny
mani pul at i Gh8SSFYS Prefﬁ‘g e&‘a ?ﬁé)ﬁmf)g ?%@fg’gh’\ﬁar%ssu ’f"‘§§ ﬂmf’hoé s;g)'pg%@nt as 29
can comprise a pulsatile flow of solution.
Perfusing can comprise perfusing with at least a first volume of perfusion
solution for a period of time of from about 10 minutes to about 1 hour; from about 16

minutes to about 45 minutes; or from about 20 minutes to about 30 minutes.

Perfusing can comprise perfusing a non-exsanguinated or a partially

exsanguinated placenta in an open or closed rigid or deformable container. The
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were perfused between 6.25 and 39 hours after delivery. 'A placenta can be
cooled after isolation at a tenperature of from about -3C to about 15C from
about -6C to about 10C, from about -2C to about 6C, or from about OC to
about 6C, provided the placenta is not permtted to freeze. The cool ed

pl acenta can be maintained prior to perfusing at a tenperature above
freezing, dotairexasa %orngFisé red oA Lof >BruisRn 288 Hionl 3bch Aha@ BRI tnROC tO
about 10C, or at about 2C to about 6C, for a period of tine of'¥ron1about
30 m nut esaxsanguireted 60a Ipadhaily eksaoguiabiedtisdathd wlackotadbaubmbfhelannre from
about 6 hours to about 40 hours; from about 10 hours to about 40 hours;

f r om aboutPelisiap gplstienceriziord indha Gartainebduinararpipat Wharekibthesvalumeabout 40
hour s. To perform pul satil e machi ne. pl acental .perfusion (PIVIPP), the
pl acent a m%speﬁﬁagggas"g'ﬂmg Lo Be'fliskﬂnds‘gﬁ Ne KU Fe‘]d"{)ghed&"ét?w&@'%et her
Mere were i te} N SaddN e t Th j11ical
cord was e%%dﬁg {og t!I) gﬁat]& gréd;@ub?}%didl ?%gll c@%?@?’?e@orgndeiheun%%#gaq cord

vei n. One isolate® placeita izhe stimbundily pdrision 36/B6H 65 Badt dNBiettBetduedbr vei N wer e
be etiolated to facilitate perfusing. First, a 6mm strai ght annuls was

i nsetted |anbesnbigetd d @ positiveramdipe negaliMel presswted n pl ace with o-silk tie,
then; both arteries were each inserted with 2 mm strai ght cannulas and tied
in place with o-slik ties. The placenta was placed onto the perfusion
circuit (Water i d r ' p W ‘ pL ' Bel zer
MPS pl us 1000-2%@5@3%@ W?’%gogﬁ%%%e‘?;@%" %@ﬁ%ﬁ&’zo o%egﬁ'é%ﬁ Fin

sodi unm atexsarigemaikailatedtfo & pulkatile Aéw oBpémaion\ddhutioh wWingRrp@gfiloyed or gan
periusate used for preservation of cadaver donated organs for

t r anspl antPgfistaltic Peage fastexample] 0 Tiom shius 46i toeakiorit AP rheatsé minisind rat \eas
perfornmed at 60 beats! mn and the systolic pressure was at between

30- 70mmi i §Y St‘?lﬁ’ep'ﬁ?/gé‘fed@fefrrg"i‘ ARoYt 3549 ﬁb‘%l‘&ge "HE'F'&[E i3 AP S0 DatH MR A (r ange
20-30 mn t 1.he S0P i ental perfusion, we used the
pl acent a éaba ??@%Lﬁé%gféo?ftf%ﬁangg %‘?{)orﬁ%gu%os"%/ﬁg'l ue color into a clear white
color as a marker for a total evacuation of the vascular content In the

pl acenta. " Ei ght CB sanples were col |l ected using veni puncture and
machi ne pl acentle pes$urei smuraeetswidtd pash bheuls peFusiormjselatioratidoidre the
quantitative descriptions are sunmarized in Table |. The nean CB vol une

col | ect ed MEIRN pRiAcaNt? evilhale guffigiealc tq enertso\pe flowhel selgierCBorolBune from

t he pulsagiggunaggi e ptacent@ perf%§” n nmet hod was noé g;@ rabl e since
the perfudata 55 CRa " BT PEYRAEHE PUTRYSRIERP Ge8Vei: oif'®dfSet he

har vest ed ophasedit noavdle it B3R- Hgﬁgn pl acent a
size for dignetefagﬂﬁﬁt i§§Hﬁg§¥agéé€8£§u?ﬁéﬁ%%%@?ﬁ%l%@%ﬂgﬁ?s Thé pl acent as
wer e obt aindeced tooflavotheoighabaplaaantacTiie actudigaessiue kbyelast humpir@giafais
deliveries (sanple 2-8). Mean tine from placenta delivery to the initiation
of perfusP@HsRALo PptirBe rempvab #f Fordgblomst Bomppargslly exsanguineterpaoedn tinme of
pl acent a gerfusiondgéoc§dure was | ess than 30 m n per placenta (nean 26

m nut es, ﬁﬁﬂgmﬁﬂg cﬂ?ﬂ) (Table I'). There was thronbosis found In 3

pl acentas (sanmples 3, 5, and 6) and it was approximately 5% 10% and 7% of
the total placenta area but not seen in other subjects. These pl acentas
wer e packed i rPerfasionkolatidrenper atthee tefm 4Cpdriusdnt heiumaht ¥ nigaasll aingd chest
between 19 and 39 hours until the initiation of perfusion. Overall, there
was no di piiysialdgioally eompatiblerseiutign camkiia coperisios awanticoagidand syffipleaident a we
tested including those with thronbosis and no barotraupma was observed due
to pul sat Py ity oherord, Ko, cells ogapriziasstsm egjist e FUERPIS HAPIBA fr om PVPP

in conparison to conventional cord
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bl ood harv
obt ai ned f

cells were

esting nmethod. CB Mononuclear Cell Isolation CB cel

s

romveni puncture of the placental vasculature were first diluted
with iscove's nodified Dul becco's nedia (IMtvl) at 1:5 and nononucl ear

i sol ated by Ficoll-Hypaque (Signa D agnostic, St Louis,

MO)

density gradient centrifugation as described previously (Takebe et at,

2002). The
cell s wash

gd twce w mer at by cytoneter.

H . | . A
so|ant &%nl’%ﬂlﬁ%%ﬂg{}ﬁsﬁgéﬁeﬁ# i (oWl e%%‘%h&m&%?'lﬁ&&uﬁ&‘;@t €

viabi ity WagiaCeptiohaiEsbniptisihgRsiidonBlelhdfof Chéfsdrifforekdifisle 168010 akparinobt ai ned
via PMPP were processed simlarly to the CB cells from veni puncture.
However, t foesetatal Valuneof Iniites daridn BelzéraMiS eplianatly gpmpesing) separing 80 t o

600nl total volune). This perfusate was alli quotfe“g %m)n%g_s eral dozen or
50mL coni c8XarRis Q004 herariRdpea deiat Yalyng aHs96Rq Mty Otier

mnutes to

DREFEIOM o

PR Bt R B b roff pchiafiing G By 08 61 GG

separ at ed

centrifugakiiPih tHeBark el Perudip cantsdnftisa PriasiHgaiint fdieast 4 aRE Volufé above.
Fl ow Cytonetry Anal ysis Mononucl ear cells were stained with
nonocl onal perhisidncxbiution. Petfusingigarabe cérded nuiCdBtempeaiire COBdm ABCUYHBD

Phar m ngen
anal yzed b
I nstructio
in paralle

., San Jose

CA),
{p abOULITSC. for a&gmmtéwrmﬁ%m%wm per manufacturer's

AC133-PE (M Itenyl Biotech, Auburn, CA) and

SO

ns. | sotype controls were perfornmed using appropriate anti bodies

| for each sanple. CD34+ Cell Selection
First Volume. The term “first volume” means a volume of a perfusion

solution for perfusing a non-exsanguinated or partially exsanguinated isolated

mammalian placenta. The first volume of perfusing solution can comprise or consist -

of from about 250 ml perfusion solution to about 2 liters, from about 400 mi to about
1.5 liters; from about 500 mi to about 1.2 liters, from about 600 ml to about 1 liter,

and from about 600 ml to about 750 ml perfusion solution.

Pressure Mediated Flow. The term “pressure mediated flow " means a flow

of perfusion solution induced by positive or negative pressure.

Negative Pressure. The term “"negative pressure” means a pressure

below atmospheric pressure, i.e., less than one atmosphere.

Positive Pressure. The term "positive pressure” means a pressure at

or above one atmosphere, i.e., greater than or equal to one atmosphere.
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The aliquot of CB nononuclear cells obtained fromFicoll-Hypaque density
gradient centrifugation were further isolated to enrich CD34+ cell

popul ati on by magnetic cell separation method using the CD34 progenitor
Cell lIsolation Kit (MIltenyi Biotec) per manufacture's instructions.
Purified cell nunber and viability was determ ned by cytometer and trypan
bl ue excl usion i [ t 4 i S bl Yo | OW
cytonetry anal %ﬁ' mgﬁt%aggc&%sof% itgﬁsbg%(ﬁbgﬁg%dpgreééﬁe{%eﬁg gna 0% CD34+
cel | puri tiyolated iplacentai flant whizh eMecirdiStidaybibsd/ pas) biéru 2neovel us ivithdminhod.

Met hyl cel | ul ose Col ony Forming Unit Assays. Purified CB CD34+ cells
(3 x 103 per tpmakeblogdlipss. seeded Into the 35-mm cul ture dishes as descri bed
previously (Takebe at al., 2002). Cells were cultured In the commercially

avail abl e culture nmedia, MethoCult (StenCell Technol ogy, Vancouver,

Canada), consi FBR'%f‘gﬁt"&%m%teh!v% %’Tﬁﬁ&)ﬁkfﬂnwh&éﬁ ’ Pl%%ta"émeééfz an .

mer capt oet hano am ne, 1ns tran Terrin,

| L- 6, G CSfulatadlflabents hoopdiel idciRaktinpib udhitdsbeRnSeibadd diadithenwn. At day 14,
the colonies (larger than 50 cells) were enunmerated fromduplicated culture
di shes. Table ILSummary of colony formng units from3 CB sanpl es

containing a nmatched _pair sanple fromveni punature nethod and machi ne
pl acent a gerf ugg%al?yﬁ!é%qagﬂinatgg ﬁe term “ParHaIRIPExsangu?nated Placenta” means
an isolated placenta from which a portion of the circulating blood has been removed

ar withdrawn.

‘Stem Cell. As used herein, the term "stem cell” refers to a master
cell thaf can reproduce indefinitely to form the specialized cells of tissues and
organs. A stem cell is a developmentally pluripotent or multipotent cell. A stem cell
can divide to produce two daughter stem cells, or one daughter stem cell and one
progenitor ("transit") cell, which then proliferates into the tissue's mature, fully formed

celis. The "stem cell” used herein includes "progenitor cells” unless otherwise noted.

Hematopoietic stem cells are rare primitive blood cell progenitors that have
the capacity to self-replicate, so as to maintain a continuous source of regenerative
cells, and to differentiate, so as to give rise to various morphologically recognizable
precursors of blood cell lineages. These precursors are immature blood cells that
cannot self-replicate and must differentiate into mature blood cells including the

erythroid, lymphaid and myeloid cells. Within the bone marrow microenvironment,
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CFU-GM col ony-form ng unit-granul ocyte macrophage CFU-GEMM col ony-form ng
unit-granul ocyte, erythrocyte, nonocyte BFU-E: burst formng unit-erythroid
a and b : paired t-test showed statistically significant (p<0.05)

di fferences between veni puncture and machi ne pl acenta perfusion.

veni puncture nethod "PL: PMPP nethod :34

the stem cells self-proliferate and actively maintain continuous production of all

mature blood cell lineages throughout life.

CD34+ cells are defined as the earliest hematopoietic stem cell identifiable in
bone marrow, peripheral blood or neonatal cord blood. The supplement and the
medium of the present invention are particularly suited for supporting the expansion
of CD34+ cells and cells of myeloid lineage, including BFU-E cells, erythrocytes,
CFU-MEG cells, megakaryocytes, CFU-GM cells, monocytes, macrophages,
neutrophils eosinophils, and basophils. In earlier stages of development, cells of
myeloid lineage express the CD34+ marker protein. In later stages of development,
cells of myeloid lineage do not express detectable levels of the CD34+ marker

protein.

Whether a cord blood stem cell expresses the CD34+ marker protein can be
determined by one of ordinary skill in the art using well-known techniques, such as

fluorescence activated cell sorting.

CD34+ hematopoietic cells" or "CD34+ cells" are hematopoietic cells which
express the CD34+ surface marker protein. Such cells include but are not limited to
hematopoietic stem cells, myeloid progenitor or precursor cells, erythroid progenitor

or precursor cells, and lymphoid progenitor or precursor cells.
CD34+ cells can be isolated from collected cord blood and/or perfusate to

produce isolated cord blood stem cells using methods that are well known by those

of ordinary skill in the art. Various systems are available to those of ordinary skill in
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Phenot ype characteristics of CB stemcells collected via venipuncture or
PMPP et hod 35

art. For example, the MicroCELLector System.RTM. (Applied Immune Sciences), the
MiniMacs System (Miltenvi Biotec), the StemSep.TM. system (StemCell
Technologies) can be used can be used to isolate CD34+ cells. To prepare a
preparation of cells enriched for CD34+ cells on a larger scale, systems marketed by

Baxter Healthcare and CellPro are available to those of ordinary skill in the art.

The terms "hematopoietic stem cell” and "pluripotent hematopoietic stem cell"
refer to a cell which can give rise to any type of hematopoietic progenitor or
precursor cell, including myeloid progenitor or precursor cells, erythroid progenitor or
precursor cells, and lymphoid progenitor or precursor cells. Hematopoietic stem cells
display a CD34+ /CD33- /CD38- phenotype or a CD34+ /HLD-DR.- /CD38-
phenotype (Daley, J. P. et al., Focus 18:62-67 (1996); Pimentel, E., Ed., Handbook
of Growth Factors Vol. Ill: Hematopoietic Growth Factors and Cytokines, pp. 1-2,

CRC Press, Boca Raton, Fla., 1994).

1. Method of collecting placenta CB cells with or without prior
conventional CB harvesting

A proof of concept pilot test for a method for CB harvesting using a pulsatile
perfusion technology using Waters’ RM3 pulsative perfusion device (Waters Medical
Systems, Rochester, MN) widely used for renal preservation was successful. The
device was originally designed to improve the immediate function of the kidneys
which are stored prior to transplant. The perfusion solution consisted of RPMI
{Roswell Park Memorial Institute) media with gluconate and 1000U heparin for a total
of 1 liter or Belzer MPS plus 1000-2000U heparin (600-750ml Belzer MPS with
2000U heparin sodium). Presently, it has been shown using a baboon placenta, the

feasibility of this method and successful perfusion and removal of the entire
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study of different procedures for the collection and banking of unbilical
cord bl oodon $6i4d waskiatacentas from Bgormal vaginal deliveries and one caesarian section

under the clinical protocol approved by the University of Maryland Institutional
Review Board. Partial CB collection was first done by venipuncture with
needle/syringe to aspirate the maximal quantity possible as soon as the umbilical
cord was clamped and the baby was delivered while the placenta was still in uterus.
This method is used for both trans-vaginal and caesarian section to maximize the
yield of CB collection and it is one of several methods used widely for routine CB
collection. The 18 gauge needle was attached to 30 or 60 mil syringes and the
aspirated CB material was immediately transferred to a 50 ml conical tube containing
5000U of heparin solution. The‘collected CB was immediately mixed with heparin to
prevent clotting and stored in an ice chest. The mean CB volume collected by this
procedure was 59+18ml (mean * S.D.) (range 40-90ml). Next, the placenta was
delivered routinely and placed directly into a sterile isolation bag (3M Heaith Care St.
Paul, MN). If the placenta required visual examination, it was placed on a sterile tray
and transferred into a sterile isolation bag at the time of completion of the
examination. The placenta was weighed within the sterile bag as well. The sterile
bag was tightly closed and placed into triple bag isolation and kept in an ice chest

without any manipulations until the placenta perfusion was initiated. The placentas
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to perfusing at a temperature above freezing, for example, at from about >0°C to
about 16°C, at about >0°C to about 10°C, or at about 2°C tc about 8°C, for g periced
of time of from about 30 minutes to about 60 hours, frem about 1 hour to about 50

hours; from about 6 hours to about 40 hours; from about_ 10 hours to about 40 hours;

from about 15 hours to about 40 hours; or from about 20 hours to about 40 hours.

To perform pulsatile machine placental perfusion (PMPP), the placenta was
placed on a sterile field and examined to determine whether there were any
lacerations or tears in the placenta. Then, the umbilical cord was examined to look
for 2 umbilical arteries and 1 umbilical cord vein. One or more of the two umbilical
arteries and the umbilical vein were be canulated to facilitate perfusing. First, a 6mm
straight cannula was inserted into an umbilical cord vein and tied in place with o-silk
tie, then; both arteries were each inserted with 2 mm straight cannulas and tied in
place with o-silk ties. The placenta was placed onto the perfusion circuit (Waters
RM3 kidney perfusion pump) which was primed with Belzer MPS plus 1000-2000U
heparin (600-750mi Belzer MPS with 2000V heparin sodium) at a temperature of 1°C
to 27°C. Belzer MPS is a FDA approved organ perfusate used for preservation of
cadaver donated organs for transplantation (Gage et al., 1997). Pulsatile Machine
perfusion was performed at 60 beats/ min and the systoiic pressure was at beiween
30-70mmHg. The average time to complete perfusion vras 26 minutes (range 20-30

min). To determine the completion of placental perfusion, we used the placenta
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transdifferentiation in brain after transpl antation:

Lancet 363,pefiysion jmethod from the same subject and their quantitative descriptions are

summarized in Table }. The mean CB volume collected by venipuncture was as
described above. The mean CB volume from the pulsatiie machine placenta
perfusion method was not measurable since the perfusate and CB was mixed at the
end. The mean gestation of the harvested placenta was 38.6 weeks (range 36-41
weeks) and the mean placenta size for diameter and thickness was 20 x 1 cm (17-22
x 1 cm). The placentas were obtained from one caesarian section (sample 1) and 7
vaginal deliveries (sample 2-8). Mean time from placenta delivery to the initiation of
perfusion was 17 hours (mean) (6.25-39 hours), and the duration time of placenta
perfusion procedure was less than 30 min per placenta_(mean 26 minutes, range 20-
30 min) (Table 1). There was thrombosis found in 3 placentas (samples 3, 5, and 6)
and it was approximately 5%, 10%, and 7% of the total placenta area but not seen in
other subjects. These placentas were packed in ice at a temperature of 4°C in a
thermally insulated chest between 19 and 39 hours until the initiation of perfusion.
Overall, there was no difficulty in performing machine perfusion for every placenta
we tested including those with thrombosis and no barotrauma was observed due to

puisatile machine perfusion.
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4 40 21 x1 15 0.37 62 vaginal 0

5 36 18x1 39 0.33 ‘ 40 vaginal 10

6 40 25x1 19 042 90 vaginal 7

7 36 17 x1 6.25 0.33 46 vaginal 0

8 40 21x1 12.5 0.6 40 vaginal 0

2. Analysis of collected solution from PMPP in comparison to conventional cord
blood harvesting method.

CB Mononuclear Cell Isolation

CB cells obtained from venipuncture of the placental vasculature were first
diluted with Iscove's modified Dulbecco’s media (IMDM) at 1:5 and mononuclear
cells were isolated by Ficoll-Hypaque (Sigma Diagnostic, St Louis, MO) density
gradient centrifugation as described previously (Takebe ef al, 2002). The layer
containing mononuclear cells was gently aspirated, the cells washed twice with PBS
solution and enumerated .by cytometer. Cell viability was confirmed by trypan blue
exclusion method. CB cells obtained via PMPP were processed similarly to the CB
cells from venipuncture. However, these cells were mixed in a large volume of
perfusate (650 to 800ml total volume). This perfusate was aliquoted among several
dozen or so 50ml conical tubes which were centrifuged together at 1800rpm for 20

minutes to obtain the buffy coat layer. Then, the cells were further separated for
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CD34+ Cell Selection

The aliquot of CB mononuclear cells obtained from Ficoll-Hypaque density
gradient centrifugation were further isolated to enrich CD34+ cell population by
magnetic cell separation method using the CD34 progenitor Cell Isolation Kit
(Miltenyi Biotec) per manufacture's instructions. Purified cell number and viability
was determined by cytometer and trypan blue exclusion test. Enrichment for CD34+
cells was confirmed by flow cytometry analysis, and each isolation batch showed
greater than 90% CD34+ cell purity with viability above 95% by trypan blue exclusion

method.

Methylcellulose Colony Forming Unit Assays.

Purified CB CD34+ cells (3 x 10° per plate) were seeded into the 35-mm
culture dishes as described pre;/iously (Takebe et al,, 2002). Cells were cuitured in
the commercially available culture media, MethoCult (StemCeli Technology,

Vancouver, Canada), consisted of 1ml IMDM, 1% methyicellulose, BSA, 2-
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Sample *vP **PL VP PL VP PL
number
1 366+59 | 110+ 42 2+0.7 6+0.7 1+0 0
2 608 + 36 197 +36 4+07 12+1.4 0 7+0.7
3 650+173 | 243+40 | 1+1.4 9+3 0 3+1.4

CFU-GM: colony-forming unit-granulocyte macrophage

CFU-GEMM: colony-forming unit-granulocyte, erythrocyte, monocyte

BFU-E: burst forming unit-erythroid

a and b : paired t-test showed statistically significant (p<0.05) differences between
venipuncture and machine placenta perfusion.

*VP: venipuncture method

**PL: PMPP method
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48 CLAIM5S What is clainmed is 1. A nethod of isolating cord blood stem
cells, conprising: providing an isolated mammal i an pl acenta conprising cord
bl ood conprising cord blood stemcells, wherein said isolated nanmal i an

pl acenta i s non-exsangui nat ed; perform ng nmachi ne perfusion of the isolated
manmal i an placenta with a pressure nedi ated pulsatile flow of a perfusion
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isolating the cord blood stemcells fromthe perfusate to produce isol ated
cord blood stemcells. 2. A nmethod of isolating cord blood stemcells,

conprising, providing an isolated nanmal i an placenta conprising cord bl ood
conprising cord blood stemcells, wherein said isolated manmal i an pl acenta
is partially exsanguinated to produce a volune of cord blood conprising a
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3. The method according to claim2, wherein said isolated manmal i an

pl acenta has been partially exsangui nated by venipuncture. 4The method
according to claim2, wherein said isolated mammalian placenta has been
partially exsanguinated by gravity drainage. 5, The nethod according to
claim11, wherein perform ng machine perf usi on is carried out under
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7. The nmethod accord-to claim6, further conprising: maintaining the cool ed
i sol ated mammal i an placenta at a tenperature of about >Q0 to ab 15 C prior
to said perform ng nmachi ne perfusion. The nmethod according to claim§6,
further maintaining Ml ed isolated mamn placenta at a tenperature of from
about 0 C. to about 6 C. 9. The nethod according to claim®6, further
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mai ntai ning the cool ed isolated mammual i an pl acenta at a tenperature of from
about >0 C. to about 15C for a period of tine of from6 to 40 hours. 11.
The net hod according to claim®6, further conprising: maintaining the cool ed
i sol ated manmal i an placenta at a tenperature of fromabout >0 C. to about
15" C. for a period of tinme of from10 to 40 hours. 12. The net hod
according to claim®6, further CQ%frising: mai nt ai ni ng the cool ed isol ated

manmal i an pl ace§PY Bpod, oy, parelatesd dongrs: fanglysig RS angsiiment agd asWigt9rd% C. for
a period of ti ng, %Ls-%&rgige%sé.chlé% $PyYbs.godne nethod according to claimsé,
Flng COnprises p 'ng

wherein said coo _ aci'ng sald isolated mammalian placenta in
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Having described the invention in detail and by reference to the embodiments
thereof, it will be apparent that modifications and variations are possible, including
the addition of elements or the rearrangement or combination or one or more
elements, without departing from the scope of the invention which is defined in the

appended claims. Thus, the present invention is not intended to be limited to the
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The net hod according to claim11, wherein the perfusion solution conprises a
physi ol ogi cal | y-conpati bl e solution conprising an anticoagul ant. 16, The
nmet hod according to claim 1, wherein the perfusion solution conprises one
or nore anticoagul ants selected fromthe group consisting of heparin,
creatine phosphate dextrose (CPDA), or a conbination thereof. 17. The

met hod accol %dﬂ%n‘s Sl’%‘l\ﬁ\l lﬁgrg’]p ﬁt{\{ﬂﬁrtg ?sc%br%lem M&%sp&r kg%ﬁgﬂg H S€s

per Fusi ng Sia one or Ica erires a |caI vein
18. The Wﬁ@%uﬁﬁ%@rﬂl'ﬁﬂeltf@atﬁilea'd@bléged wdigrei n said perfusing further

conpri ses cannul'ating one or nore of the unbilical arteries and the
unbilical vein to produce a cannul ated pl acenta; and placing the cannul at ed
placenta in a closed perfusion circuit. 19. The method according to claim
18, wherein said perfusing is carried out at a pulse setting of from about
15 beats/mn to about 60 beats/mn. 20. The nethod according to claim 18,
wherein said perfusing is carried out at a pul se setting of about 60
beat s/ m n.

48



21. The nethod according to claim19, wherein said perFusing is carried out
at a systolic pressure of fromabout 30 mn Hg to about 70 mm Hg. 22. The
met hod according to claim2l, wherein said perfusing is carried out for a
period of time of fromabout 15 mm to about 35 min. 23. The nethod
according to claim1l1, wherein: said i %éﬁlged cord blood stemcells fromthe
perfusate conprise a percentage of 0DI33+ cells which exceeds a percentage
of CD133+ wrdtlstiafniec@®:a control sanple, wherein said control sanple
conprises isolated cord blood stemcells isolated by partially

exsangui naf i Ng Bm&atof RbiatRg Bsr XiosH W &b, eempAyRIl | an pl acenta wi t hout
perform ng machi ne perfusion on said control non-exsangui nated manmal i an

placenta. 24. m.dmsgneﬂat@%%maegplfageuralce.'nmsaﬁmrwﬂssoeeo pfmg bri®leB g@Tcord

bl ood stemcells from.t usat e qr conprise cte S selecte rom
the group consi®%¥ I‘ﬁ’bereérfsa l‘?"(ﬁi%“a'%ne[ﬁcgna%% P dcel |'s, CD133+/ CD34-
cells, CD117+ cells, CDO0+ c ce Ch9+ cells cells L|n- cells,
CXCR4+ cel I's, APTHRINGMaghiePs” “sé"f‘&E“T)B?JifF%'E“f"B’Ha"(a‘SPJ¥°eE‘€|"‘I“Eap§§’£ﬁ’§%‘-’aé“é’l |'s,
SSEA- 4+ cel | s, Pyisgilerflog@f @rariugon spirjipnto grpdyse pperfusatn dorersising prid blendsomprising of .

25. The met hod cadbbpdistergcells; cl ai m 23, wherein the isolated cord bl ood stem
cells fromthe perFusate further conprise stemcells that can differentiate
into cells otheblettmghe@eBubateGInd8- cell s, CD133+ cells, CD133+/ CD34+ cells,
C0133+1CCB84- cells, Q0117+ cells, CD90+ cells, CD59+ cells, Thyl+ cells,

Lin- cells, CXGehtngard dofd blddki otk ceildirofahd serfusitede pro@ylisakied Bor§ BiR)d st | S,
SSEA- 3+ cell's, .g8EA-4+ cells, TRA-1-60 cells, or TRA-1-81 cells. 26. The

met hod according to claim23, wherein said isolated cord bl ood stemcells

conprise & per %l%q%f|9<gatﬁ§|)é‘t§€go&esltén$ce%cgrnpn@lﬁ&eeds sai d control percentage

by a factor of between

providing an isolated mammalian placenta comprising cord blood comprising cord blood stem
cells, wherein said isolated mammalian placenta is partially exsanguinated to produce a
volume of cord blood comprising a first population of isolated cord blood stem cells;

conducting machine perfusion of the isolated mammalian placenta with pressure mediated
perfusion solution to produce a perfusate comprising cord blood comprising cord blood stem
cells, wherein said machine perfusion is performed using a pump;

collecting the perfusate; and

isolating the cord blood stem cell from the perfusate to produce a second population of
isolated cord blood stem cells,

wherein said second population of isolated cord blood cells has a greater percentage of
CD133+ cells than said first population of isolated cord blood cells.

3. The method according to claim 2, wherein said isolated mammalian placenta has been
partially exsanguinated by venipuncture.

4, The method according to claim 2, wherein said isolated mammalian placenta has been
partially exsanguinated by gravity drainage.

5. The method according to claim 1, wherein performing machine perfusion is carried out under
conditions sufficient to produce a mammalian placenta substantially free from cord blood stem
cells.
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27, The method according to claim 23, wherein the isolated cord blood stern
cells further conprise cells other than CD133+ cells, wherein said cells
ot her than CD133+ cells are selected fromthe group consisting of stem
cells froma placenta vascul ar bed niche, hernatopoietic stemcells,
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cooling the isolated mammalian placenta to produce a cooled mammalian placenta;

said cooling the isolated mammalian placenta being performed prior to said performing
machine perfusion.

7. The method accord to claim 6, further comprising:

maintaining the cooled isclated mammalian placenta at a2 temperature of about >0° to about
15° C. prior to said performing machine perfusion.

8. The method according to claim 6, further comprising:

maintaining the cooled isolated mammalian placenta at a temperature of from about >0° C. to
about 6° C.

9. The method according to claim 6, further comprising:

maintaining the cooled isolated mammalian placenta at a temperature of from about >0° C. to
about 15° C. for a period of time of up to about 40 hours.

10. The method according to claim 6, further comprising:

maintaining the cooled isolated mammalian placenta at a temperature of from about >0° C. to
about 15° C. for a period of time of from 6 to 40 hours.

11. The method according to claim 6, further comprising:

maintaining the cooled isolated mammalian placenta at a temperature of from about >0° C. to
about 15° C. for a period of time of from 10 to 40 hours.

12. The method according to claim 6, further comprising:

maintaining the cooled isolated mammalian placenta at a temperature of from about >0° C. to
about 15° C. for a period of time of from 20 to 40 hours.

13. The method according to claim 6, wherein said cooling comprises placing said isolated
mammalian placenta in ice.

14, The method according to claim 1, wherein the placenta is not administered or injected with an
anticoagulant prior to said performing machine perfusion.

15. The method according to claim 1, wherein the perfusion solution comprises a physiologically-
compatible solution comprising an anticoagulant.
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16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

The method according to claim 1, wherein the perfusion solution comprises one or more
anticoagulants selected from the group consisting of heparin, creatine phosphate dextrose
(CPDA), or a combination thereof.

The method according to claim 1, wherein said machine perfusion comprises perfusing via
one or more of the umbilical arteries and the umbilical vein.

The method according to claim 17, wherein said perfusing further comprises cannulating one
or more of the umbilical arteries and the umbilical vein to produce a cannulated placenta; and
placing the cannulated placenta in a closed perfusion circuit.

The method according to claim 18, wherein said perfusing is carried out at a pulse setting of
from about 15 beats/min to about 60 beats/min.

The method according to claim 18, wherein said perfusing is carried out at a pulse setting of
about 60 beats/min.

The method according to claim 19, wherein said perfusing is carried out at a systolic pressure
of from about 30 min Hg to about 70 mm Hg.

The method according to claim 21, wherein said perfusing is carried out for a period of time of
from about 15 min. to about 35 min.

The method according to claim 1, wherein:

said isolated cord blood stem cells from the perfusate comprise a percentage of CD133+ cells
which exceeds a percentage of CD133+ cells from a control sample, wherein said control
sample comprises isolated cord blood stem cells isolated by partially exsanguinating a control
non-exsanguinated mammalian placenta without performing machine perfusion on said
control non-exsanguinated mammalian placenta.

The method according to claim 23, wherein the isolated cord blood stem cells from the
perfusate further comprise cells selected from the group consisting of CD34+/CD38- cells,
CD133+/CD34+ cells, CD133+/CD34- cells, CD117+ cells, CD90+ cells, CD59+ cells, Thy1+
cells, Lin~ cells, CXCR4+ cells, ALDH" cells, side population (SP) cells, SSEA-3+ cells,
SSEA-4+ cells, TRA-1-60 cells, TRA-1-81 cells, and combinations thereof.

The method according to claim 23, wherein the isolated cord blood stem cells from the
perfusate further comprise stem cells that can differentiate into cells other than CD34+/CD38-
cells, CD133+ cells, CD133+/CD34+ cells, CD133+/CD34- cells, CD117+ cells, CD90+ cells,
CD59+ cells, Thy1+ cells, Lin— cells, CXCR4+ cells, ALDH"®" cells, side population (SP) cells,
SSEA-3+ cells, SSEA-4+ cells, TRA-1-60 cells, or TRA-1-81 cells.

The method according to claim 23, wherein said isolated cord blood stem cells comprise a
percentage of CD133+ cells which exceeds said control percentage by a factor of between 2
and 10.
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27.

The method according to claim 23, wherein the isolated cord blood stem cells further
comprise cells other than CD133+ cells, wherein said cells other than CD133+ cells are
selected from the group consisting of stem cells from a placenta vascular bed niche,
hematopoietic stem cells, mesenchymal stem cells, and combination thereof.
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