METHODS FOR COLLECTI NG AND USI NG PLACENTA CORD BLOOD STEM CELLS Thi s
application clains the benefit of U S. Provisional Application No.

60/ 799, 734 filed May 11, 2006. The aforenentioned provisional application's
di sclosure is incorporated herein by reference in its entirety. FIELD OF
THE | NVENTI ON The present subject matter relates to an efficient

nmet hod for coll j pl acenta cord bl ood stem cel | d_net f usi ng
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| nventi on The present subjecnéﬁﬁ ter relates to stenlcell col | ection
fromthe placenta detalllng a new which is clinically feasible,
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used for regenerativ I CI'ne purposes ncrease stemcell nunbers
obtained froma single placenta using the described nethod can al so i nprove
al | ogenei ¢ hemat opoi etic stemcell transplant outcones and obvi ate the use

of double or triple cord bl qggy & 8FtTHE QVENTIBRr ent donors in order to
conpensate for insufficient STemCerTs froma srngle donor graft. 2.
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bl ood transplantation in adul Urbilical CB cells are a prom sing
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mal i gnanci es and bone narrow failure syndrome (Kurtzberg et at, 1996;

Wagner et at, 1996; d uckman et at, 1997; Rubinstein et at, 1998).

Si gni fi cant advant ages include a rapi d access.to CB cells whi ch are stored
in CB banks nationw de aBACKGROUND®OBTHE INVENTION eukocyte anti gen

m smatch grafts due to infrequent severe graft versus host di sease (GVHD)
conpar ed. tRielt loé thealnebetiorunr el at ed donor grafts (Barker et at, 2002). CO
cells enable patients to choose allogeneic transplant as a curative option
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needle/syringe withdrawal or grav:ty drainage collection and allows cord blood cells
to be used for regenerative medicine purposes. Increased stem cell numbers
obtained frt;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.



Si nce CB WOppI7i8866are barely enough for only one tine uP€ETAIS2G/0&13®cent |y
usi ng double CB supplies fromtwo non-identical donors, adult CB

transpl ants have been perforned 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 at, 2002; George et at, 2006). In such
cases, & Yegrintianpfithe Backeroghdudtol | ected CB cells still remain in the
pl acenta_ and are dj scarded since there is no standardi zed suppl enent al
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2004). O her reports have noted detection of donor cells in osteoblasts,
hepat ociftchisle draining the blond hyigradly) fremaibe dgliverasl placesta; amd draining B
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per i phePRRdhyosmirinstHrednte aollgetingn bags orswiinggs.di omyocytes with and wit hout
endot helium after cardiac transplant with a w de range of percent anounts
found (Hruban et at, 1993; Theise et at, 2000; Korbling et at, 2002; Miller
et at, 2002; Ckanpto et at, 2002; Quaini_ at at, 2002). Cord blood cells as
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pl acenta which is normally discarded, thus requiring no tissue damage to
t he host upon harvesting the cells. Conpared to the BMcells, CB has
primtive ontogeny with naive innuneugtatus and rel atively unshortened
tel omere length. WO 2007/ 133665PCT/ US2007/ 011359



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, CB has been shown to contain a heterogeneous cell
popul ati on and recogni zed as a source of pluripotent stemcells (Goodw n et
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gestational placenta may be a hematopoietic niche durihng enbryo devel opnent

( Gekas imdregded ami@lht of CBeESRAFSM ARE s%e%@é&nta%ﬂ@?bﬂowtstbrﬁw@aﬁ'aWEHLﬁlt

assunption that a full-termplacenta may al so contain remant primtive
stem caifiCB eelisesumdientorot hultie LeSinclidife badk up@??lrm ¥ngiv8efify 506h 8§ T ess
associated with "birth", there may be an increased nunber of circulating
st em celnl ex \tamemansmsrelaaasadpfva)umrﬁem@the&)dyor l'iver which have mgrated to
the placenta niche. Thus, the present inventor hypothesizes that placenta
derived CB cells obtained by this innovation may contain nore primtive

stemcells (ES cell-like cells) left as remnant stemcells deposited in a
pl acentGument knbwiledgedn M M plastioifycamaitissLegegesemation| sol ati on and sel ection
of primtive CB cells including ES cell-like cells and primtive HSC
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(Fortunel et at, 2003). Thus, to identify and select stemcells may still
requi r Sleegelspraaaratie of domipg svert yes of bedy sellcard dieseneslistate avthim i st cs
that can be used to distinguish stemcells is the absence of markers of
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enri chnment stemcells to be errpl ed for therapy. This "Lineage negative
(Lin-) caP‘F%{Pt" idevglopiianipte grdedsr "B)%ls%‘&ﬁv of éﬁ‘PQBTm Ti6pug spedific Steoal et

r enrich the stemcell population fromLin- CS cells,
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popul at’l on very sm n| C em ce ‘which carry
Li n- 1CD45- / CXCR4+/ CD133+/ CD34+ phenotype (Kucia et at, 2006). These cells
were al so positive for enbryonic transcription factors Cct-4 and Nanog.
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has al so been used to identify and isolate stem cel of the nmetabolic
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at at, 2001). The fluorescent substrate of AL defluor (StenCell), has

been usediificaldeesHaal epoftet evidshobLOHhastidntatopoietic I gdneFatfin GREF s (Cal
et al., 2004b; Corti et at, 2006) and HSC (Storns at at, 1999). This
nontoxic, live | abeling met hod can be used to i dentify other stem cel
populations as well (Cai at at, 2004a). Furthernore, Rhodam ne uptake and
Hoechst dye | abeling has been used tg select stemcell populations from BM
CB, nesenchymal, nuscle, and adult brain (Kimat at, 2002; Bhattacharya at
at, 2003; Mgishim at at, 2003; Parmar et at, 2003). The side popul ation
(SP) which is denonstrated by | ow uptake of Hoechst dye 33342 represents

t he hi ghest capability of self-renewi ng and pluripotency. Hoechst dye
uptake is regulated by a nenbrane transporter ABC& and the SP popul ation
is defined as the expression of ABC& protein (Zhou at at, 2001;
Scharenberg at at, 2002). ABCX protein is also expressed specifically in
neur al sten1ce||s and decreases |n expre55|on when precur sor cells
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Evi dence of endodermal cell transdifferentiation from hematopoietic cell

| i neage. Previ ously, hepatocytes were thought to be transforned from
infused BMcells in a nouse nodel (Lagasse etal., 2000), but it was found
to be caused by cell fusion in that particular |iver regeneration nodel
(Wang at at, 2003b). O hers also found that nyel onobnocytic cells from BM

at, 2008 LRV PTEPITREan B Crieda HoRHIRHgIT, d relaRpectys Shepteteaintor
oputat 134 GrrefiteRi@alie, Brais R B hedeelaPlationo sHPVed conincs s
e o S O R brhaasel
reported (V\aggogrt% gfbngggaa?) gltggﬁrg%%&r%ec At I'E?%cﬁéﬁter%gﬂpi‘?fj Lf{%'/mﬁﬁ’&ﬁ Misi ng
Fotal shomebl oA ec B BRI LD Rel Bl | Serorea "Ster B O
i St hG | s %I oio Srived <t i%%l S

to an innovative nethod of collécting cor
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perfusion may be perfornmed by pul satile nmachine placental perfusion ?PNPP).
PVPP cast 8k 2000 ioeslingi ét7ale R0D2T Mameméail, 20087 ORamoRY 814/, Utob: BRbLIHFEEi On
met hod, usually veni puncture (aspiration of unbilical cord vasculature with
a needl o/ a2a0Qyri nge) or gravity drainage, or no prior collection. PWPP can
be perfornmed with an anti coagul ant containing organ perfusion solution to
flush the cord blood cells out and subsequently collect the resulting stem
cell containing perfusate. This nmethod does not require any preparation or
i nj ect i Gerdbloadidels aga sourse ohadult Stenptellsent a post del ivery to prevent
clotting. The-isol ated placenta can be cool ed, for exanple, by placing on
ice, prior tdlithmighubuoan ES peld wanobe i diffgrentiateae dnad dpamdencinh oo &

pl acental isolation, the placenta need not be cooled prior to perfusion.
The pr eR®RHFG diftesent types nEpregenitars, s applidatiopdn patiemts i tutrbstiyphipaerid i s
prepared or injected with an anticoagul ant prior to performng perfusion.

| f cor dOMyitPle ethical igswiesi insaddition, doe euritysissue obembntdnimstennesihaeived: he
residual cord blood cells obtained with PMPP can be added to this initial
col | ect PregentigieCeligras tn BeriaivechrBY Bbolsastc atiul stem cellspofndatidng: @erivasl back
up cel lF or. stored for future cell graft engineering and regenerative
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t he nonexsangui nated or partially exsangui nated mamal i an pl acenta to a
pressure-nedi ated fl ow of perfusion solution. In certain enbodi nents,
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 npre, of a positive pressure-nediated
fl ow of perfusion solution or a negative pressure-nedi ated fl ow of

per fusi on sol ution. In some enbodi ments, the method conpri ses

subj ecting the nonexsangui nated or partially exsangui nated mamral i an

pl acenta to a pressure-nedi ated fl ow of petfusate, for exanple, via

pul satil e perfusion, wherein perfusing is carried out under conditions
sufficient to produce a mammali an placenta substantially free fromcord

bl ood stemcells. In further enbodi nents, the placental perfusion is
performed using a peristaltic punp. General ly, the nmethod invol ves
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I n ot her ¥O1200V138¢¢6s, t he nethod may further conprise: PBCTAIS2006/0pBFY usi ng,
isolating a mammal i an placenta froma manmal i an donor to produce an

i sol ated manmal i an pl acenta; and cooling the isolated mammal i an placenta to
produce a cool ed mamual i an pl acent a. In several enbodi nents, the

i sol ated placenta is cooled or kept on ice after procurenent, and before

Bt ot enper AMES PaRgRGoREB M Te e b plufBaBrE eomafie BT call BReRCL 6™
per 1 or ey S eBolpirefih CF et papB B Rohre ndiap P et e, o e
Co por TR e Saie BropRABe1op Rbrchiial Bt Sl REGHSN B JesPl!
Coot ed TRACHISPAT I Sotan RelcfSodbous Ll idpidhoF A FRRhRed e SO Mour s

after p@gg@'ﬁﬁg{’e’?& &8 %%ﬁé’:@q%(}ﬁdlsét”glz, 2001: Sandhés n%@%?ié':ﬁ,néﬁmrt he

met hod require administration or | njection of an anti coagul ant
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not admnistered or 1njected w an anti coagul ant prior to perfusing.
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certain enbodi nents, the perfusate solution conprises an anticoagul ant
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conmbi nation of two or nore thereof. I n sone enbodi nents, the
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perfusion. Generally, the cord blood may be exsangui nated fromthe placenta
usi ng séufatiagdram tto deurndejenaratien disordsritrabbé teukedystpdphy (Escolaeet el,and
syringe) or gravity drai nage (for exanple, by needle and bag). GCenerally,
stem ce200b6)may be isolated fromthe cord bl ood exsangui nated fromthe

pl acenta by such standard nethods. In sone enbodi nents of the invention,
stemcells isolated fromthe exsangui nated pl acenta using standard net hods
may be conbined with stemcells isolated using the inventive perfusion

met hods. | n Buarnpresend dnventos hypethesizedithaictheserinjoue Jeatursn futnd ieCBods may
be used to derive further stemcell ontogeny.. I n one enbodi nent, the
pl acent stemscelisr May e from aecentlyi puklished emerpwg eancephthatitba gestational n sonme
enbodi ments, the placenta is perfused, and the cord bl ood renoved
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certain enbodi nents, the placenta is perfused, and the cord blgog renoved
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post -del i very. I n. sone enbodi ments, the PMPP of the attache

pl acent BaFeNtBMAY 31 contajn d’ﬁmé'@"g@tr ‘f‘?'ﬂ‘@e stem gsile chzege,ntb@aﬁg% Vﬁ/?‘ﬂﬂarl n
certain enbodi ments, the PMPP of the attached acenta i.s perforned at a
syst ol iB’CB?'eQELR%SPbAYIg&r?g tﬂ"r‘gf?n §lEess, a?ﬁﬂﬂﬁf.% T"Fﬁ)thygq"%ur{hﬁé BARRE Wt s,
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I n sone diments, . t VPR of t - for a
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50 m n, i ijx the maxi mum perfusion tine is not
greaterv%%%ﬁﬁgﬁhﬁﬁﬁﬁiggcggﬁﬂ% e gg%g%ted m ni rum anount of tine. In
certain enbodi ments, the isolated primtive hematopoietic stem cel

phenot ypes conpri se one or nore of CD34+1CC38- cells, CD133+ cells,

C0133+/ CC34+ cells, CD133+/CD34- cells, CO117+ cells, CD90+ cells, COp9+
cells, Thyl+ cells, Lin- cells, CXCR4+ cells, ALDHhigh 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

i solated stemcells conprise primtive hematopoietic stemcell phenotypes
that can differentiate into cells other than CD34+/ CD38- cells, CD133+
cells, 00133+/CD34+ cells, or CD133+/ CO34- cells. I n one enbodi nent,
a nethod of collecting cord blood stemcells is described that can conprise
or consist of providing an isol ated non-exsangui nated or partially

exsangui nated manmal i an pl acenta conprising cord bl ood conprising cord

bl ood stemcells; perfusing the an isol ated non-exsangui nated or partially
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| n anot hewoentyodsesdnt , a met hod of collecting cord bl co@CTUSAHTHOLI3SI i S
descri bed that can conprise or consist of providing an isol ated

non- exsangui nat ed mammal i an pl acenta conprising cord bl ood conprising cord
bl ood stemcells; partially exsanguinating the isolated non-exsangui nat ed
manmal i an pl acenta to produce a partially exsancui nated placenta and a
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stemcells; collecting perfusate; an SOl at | e cor stem
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i solated cord bl ood stemcells. The isol ated cord ood stemc can be

Cryopr eefeVREs identified! (bré9amMy AIROW tRMhfcal WifciiES] EHuMepke 4! ¥B03).
aspiration of cord blood fromthe unbilical vascul’'ature with a conventi onal

exsanguihig} o iderminhafdd sush s':témacél@eﬁhb? SMdegliiré eRerd) ahbikrs td)istgt a
1.6-fold increase total nononucl ear cell count obtained fromone placenta
conpar eheseocaltiOras bbtheotharattéristicothalt lcam bid asedried ldistinguledssigmaédlsgswi th a
needl e and syringe alone. A conparable total cell recovery is possible if
t he pl doembaense wdmarkesnglidifiererdiation O hiscagEbhch Masdbddre usey andély dn
per fusi on met hod. I n one enbodi ment, the PMPP perfusate plus
aspi r athSG figld dorperfrmodnfictumenthef stemm |detial tovize emhgibyed foi therapy oTivient i onal
exsangui nation net hod, such as a needle and syringe, results in about a 5.5
fol d i nkineagedegetive (itinge tralt icEedempwin propettyiafadany stem ekl tpopatationat i on of
cord blood fromthe unbilical vasculature with a needle and syringe al one.
A conpdfabbPtat.o2Q04ellp fugben enychi thepsieni belk populatien ftane din-aCBscetiet it
exsangui nated prior to Perfor m ng the inventive perfusion nethod. I n
anot hehagrirsd fapertedithatl BiAIB3Femptiwstdennsératesh priigh amoliferationdpdsentizd f r om
the unbilical vasculature with a conventional exsanguination nmethod, such
as a né¥d Fowlly &etemgetimylation ¢ Ferzbelit ab 42@04)0| Pthersr sapeited othat CD34+
cells a f:,@n\(zﬁ compared to aspiration of cord blood fromthe unbilical
vascul +§-Pdn sHeeRl @IghFepjrseny dneieoprmitive cgirpnrally asttbey did got
recover S possible if the placenta is not exsanguinated prior to
bor f o IFRRHGENEOPRY JAITING SRl (S Gh MravafpMicelilioss, Dyt, Sxtupited db diighest

on of cord blood fromthe
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needl e ‘and syringe, re I'n about an times nore - cells
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perform ng the inventive perfusi onb_netcﬁ{)%?( I'n ?@gztﬁg%eetﬁt%g%i ment ,
wher ei Qrebd 8IsB\ITRitRRITHHEMLAdNidIFaRsdvipiiah FafoRf 0614 HndINpfbgf r om t he unbi | i cal
vascul ature with a conventional exsangui nation method, such as a needle and
syringe, results in about a 5-fold enriched CD133+ cell percentage obtained
conpared to aspiration of cord blood fromthe unbilical vasculature with a
needl e and Ajtemrageeciq) thee methed iigathee ptstichte | dere®aIONREAbIIE Maskerdl e i f
the placenta is not exsanguinated prior to performng the inventive

per f ushas atset b@sh used to identify and isolate stem cells. One of the metabolic markers



In yet 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 7-fold higher CD133+ cell
popul ati on obtai ned conpared to aspiration of cord blood fromthe unbilical
vascul ature with a needle and syringe alone. A conparable total cell
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enbodi nent s, thod may furthér conprise (c) introducing into the

manmal Bos NEIRAR froRNBRO GRS, HleBehchyh{dpr ABSIE! 8Rd MuRidr8ml (IR amudigoef t he
progeny stemcells, whereby hematoOpoietic reconstitution is effected. In-
sone enpagitddiirva g, EvRIMibEhF® B2 i r00Ba FERR dra/d 2003)BTRe didy

exanpl e, such as a baboon or other prinate. I n ot her enbodi nents,

t he desgapldgtbors YGIFCivhih i IddndHstades] dymriiioshthle &ff PRIccASt dysBa3®d2 i n
need of hematopoietic reconstitution conprising (a) isolating hematopoietic
stem ceH?es@ﬂ's \Ag hignsstptasaiital of cafrdbleadn anaopidripgtehoy aHaethstddye
described herein and (b) introducing into the mammal a conposition

conpri supaka is lregalped byad Inyerabiaget rarespanter ABOG2tdred tiso ISt pdpliatiart dpoi eti c
stemcells, whereby hematopoietic reconstitution is effected. In sone
enbodi ndefired ad ¢herarpreission afABE@G2fproteira (Phomat ok, 200, iISuiaesntierg eféanpl e,
such as a baboon or other prinmate. I n additional enbodinents, the

met hod 2002)t rABCG2y proteinmisl alsn expeebsetl hpesificalyi it ineuralcelest icellsi and may
further conprise cryopreserving the isolated stemcells before they, or

t hei r dde¢reasepinogangssien whengirecuraer erlisclifferentiatedCahah@l, 4002heed t her eof .
In further enbodi nents, the isolated stemcells, or their derived progeny
cells, that are introduced into a mammal in need thereof may be all ogeneic,
aut ol ogous, or a conbination thereof, to the nmanmal receiving the cells. In
certain enbodinents, the isolated stemcells fromnore than one placenta
can be pool ed together for use in treating a manmal in need thereof. In
further enbodi nents, the progeny derived fromisolated stemcells of one

i sol ated pl acenta can be pool ed toget her with progeny derived fromone or
mor e adfVOEBRRI Ofia §6f°§’Fé@aBI°§é’efﬁ g‘?fﬁ"(’l%’@”ﬁ O(?d?ﬂm%@ ’ée’ﬂﬁf?ﬁﬂfet’i"ncﬂged

t her eof . In sonme enbodi ments, the nmethod for treating a mammal in
need of MRAAE opoi etic reconstitution involves a mammal that has aplastic
anema, a h t opoi eti c _malignancy. n_aut oi ne, di sease enetlc
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pat hogeni ¢ m croorgani sm or a conbination thereof. I'n an

ermbodi ifeneGDRLRRHicSHIIEAT pRdih GNelING! HAE Giid) FRIRO fofilRiry HPERRET at i ng
danagegg%litns?gﬁ'g' Pn aﬁréﬁm%gﬁﬁﬁé nee%fa{%eseo Fus’corrpﬁ 's! %S: (a?'c&Yt‘ﬁ?l?ng in
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pr oduci Qgr:di ¥?Ierenﬁ¥zgt %gqt:el | s or expanded stem cell s;S and (%) I ntroduci ng
into the mammal intravenously or direct injection into the target organ a
conposition conprising a therapeutically effective anount of the
differentiated cells or expanded stemycells , whereby tissue regeneration
is effected. In a further enbodinent, a nethod is described for
regenerating danaged tissue in a.manmal in need thereof, conprising
introducing into the mammal intravenously or direct injection into the
target organ a conposition conprising a therapeutically effective amount of
the cord blood stemcells isolated according to claim1, whereby tissue
regeneration is effected.



I n ot her ¥OROUI138GEs, a nethod is described for regener CTAF2e0a003eY ti ssue
in a mnmual in need thereof, wherein the tissue conprises one or nore of
cardiac tissue, nuscle tissue, liver tissue, skin, neural tissue, bone
tissue, epithelia, stroma, or endothelium BRI EF DESCRI PTI ON OF THE FI GURES
In the detail ed description of the invention presented below, reference is
made t Qg CQ/¥Rarat i } Frdri =g ur, : Ll e

T hi e ot Ot oL\ BES el facey (DY EE ey ok
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fraction) conpared to veni puncture alone. The figure repr esentg an anal ysi s

of 8 plrssenichyrdiar herdtdgbi tferbisi SR08rdMrep s HEVE! SHEWTBhAORuhaR! | d

bl ack) followed by machi ne placenta perfusion nmethod (stripe pattern).

Ar abi ¢ ORIPlsToRubREO WelS Ghcibdihg r RiParRed tCh 1835 B varbThgldedlics Bkgreed in the
Table 1. (Figure 1) Raw data 1s presented in Table 3. Figure 2.

Per centnegronal aGB3gtial cedrkefs Actitrorsueht #8 beth-Wiohn MYPEFAE haer egpdsird e
4.9-fold increased percentage conpared to that fromthe veni puncture

fracti dasic fibroblabi groveth FactoPIVFGER ldndcloEBE, fand nalse Mysasel-urafta retiidion and
PMPP fraction was 7.4 x 106 + 5.9 x 106 (nmean + S.D.) (range of 8 patients,
1. 1- 18 aRidx and6 neaved ge@wih ¥adiob (NGF) rexpb€uré mgBamche3-Rahoér ange, 12091116 x
106), respectively, indicating that PMPP fraction contained a 3.9-fold

i ncr eafigknese & abZPR)cel | s. Figure 4. The mean percentage of

CD34+/ CD38- cells in veni puncture and PMPP fractions was 0.32 + 0.17% (mean
+ S.D.) (range 0.04-0.66) and 4.4 4.1% (nean + S.D.) (range 1.3-14),
respectively denonstrating that PMPP fraction contained a 13-14-fold

i ncr ea§idenos £f padodermal cell frepsdifferentatien fem heyoatopojaticarpliiveagai punct ur e
fraction. . Figure 5. The absol ute nunber of CD34+/ CD38- cells in

veni punct ur ETeiR PeteRvteoWeRhought to be transfomeeq fregminfussdBM ceflsinge
0.12-5,2) and 17 + Z(ﬁ x 106 tl(:qkngan + S.D.) (range 0.86-65), respectively

(Fi gur &' 8ynoysgdpedeli (hgoessa eripROPPh OUt Bivasdruas febe rausedby cell figsion

and. PPt AT T JegsneragoR osRl N anase et BBaSTe e Asndowd s 5. 0
i SANG XML I L YO
o) "R eedhe s Bbg o o Gogh, B cdkusRmetEiom 2 ingags posiaee ol oy
o | chaapEhen, eEREdtle SlawdilBY|EhefR o SuSbension Sl ralfiRacAY BherE e
Erpp. 1 Pan poBlRudh WH 7l 8 % SBIESE Ry (6L headlh SERLBREChING: ")
106 ("RRlbdtion With hepaf§ielg Bl n@diurﬁrzfélc%uikiﬂ at &, %005). 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).



(mean + S.D.) (range 0.82-6), 11.9 + 15 x 106 (nmean + S.D.) (range
0.78-50), respectively, denonstrating a 2.6-fold and 1.95-fold increase
CD34+/ CD38+ percentage and absol ute nunber, respectively, favoring PMPP.
Figure 9A and 9B. The nean percentage and absol ute nunber of CD133+/ 0D34-
cells in veni puncture and pul satile machi ne placenta perfusion fractions
was 0.37 jO.7 % (nmean + S.D.) (range 0-2) , 0.36 + 0.7 x 106 (nean + S.D.)
(range 0-1.9) and 1.16 + 1.5% (nean + S.D.) (range 0-5), 2.4 + 3.3 x 106

(mean + S.D.) (range 0-9. -y.qé;m off i ng that PMPP fraction
contained 3 times enri che nmes nore CD133+/ CD34-

cel | nunbe fgsprfsaﬁa &g ﬁrﬂ\gﬁéraf‘éqjatéggo amﬁnmge t‘ﬁSHt %ll POsgl ute

nunmber of S I'n venlpuncture an satl I'ne pl acenta
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x 106 (rrean nd 1.26 * 0.8% (nean + range
0.35-2.48d |é¥:é?\t*ﬂ ;%rﬁagror;t%y(ﬂ?%@rrasnﬁe@b» BUISH0E ntachinel Blaekntd] ﬁﬁgsrohvel Y,

denonstrating that PMPP contained 2 tines enriched CD133+/ CD3 ells and

5.9-fol M%WPP@Q%%@E&%%&M&%%&M lefisHTBE B-coRPEAtidrzP cBIRSSEBhPT! ON
OF THE 1 NVI In the follow ng detail ed description, the nethods

of the pemsaNlshdvordrigiihctae (@epirgtidnosi@ebilialacoid vassulaturd iwithes eaedie
variations, and it is to be understood that other enbodi nents may be

utili zqhdagwmlgeg bf gravith airginagaryr riceprgrdlliettidno UPMEIEDEar bapeffoaned dthscope
of the present 1 nvention. The follow ng detail ed description, therefore,

i S not drpafticdaglurimt icontaitihgiotdargperfuisen salation ke flastotie @drdt&@oqbceusemt
invention is defined by the appended cl ai ns. Al t hough a nunber of

di scr etandestiostiquently cailectdtheaesbléidg Istéraveelli ¢ontaining perfusader Thisadethodt t hese
are nerely non-limting exanples, and that any given enbodi nent of the

i nvent i doesmeot requipe Bay pseparatién ohinjdatianof @pticdagants linterthe phaceinteepost and/ or
sonme of the features of another shown enbodi nent. A et hod of

col | ectdaliyenyotodpigiveoti clotiing. c Fhegsolgtedeplecemifedcarbe aogted dapekampls: byonsi st
of perfusing, for exanple pulsatile perfusing, an isolated

non- exsRIAG0Y reft dee. opTigrala iParfugionx s Hnpefusierds marfeamednwihiacene haurtof a
perfusion solution to produce a perfusate conprising _cord bl ood stem cells;
col | ectilagpntaldsplationdhe Placsns needjotbe GOQPGM'%{%H?@#’NPB ThePESNtNt i ng
cord blood stemcells fromthe perfusate to produce isolated cord bl ood

st em cefgssribed methad soy slilbbe peripEned i the Rircenia SobreRRERdPhHINBRIE Xithysat e,
for exanple, resulting frompul satile perfusion, plus aspiration of cord

bl ood f&fbﬁﬂﬁl%gumfmr@éﬂo eUPE&QLﬁ%f%'% gce@nveﬂf' iGHRIAre fEstRAYPRRE on

net hod results in at a15f asel t.ot al nmono ar cell
count o‘ﬂﬁ"’éﬁ ﬁ@'ﬁl"?’}t'(?ﬁf"b décé'?ﬁ ée% E%’?tﬁmdo‘f’q}w '&C&Gd from
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vascul syrlnge
any further 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.



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 nethod results in a
4.9-fold increased total CD34+ cells obtained conpared to aspiration of
cord blood fromthe unbilical vasculature with a needle and syringe al one.

Fr om pol'0at P ouin S e e e pEIbntifg PlacertirbAmyadh oF S Mm@l | cor

frompulsatile per pirati cor ood ilical

vascul Bauehiaith £ peAONBAILoAAHN, BRMbIBAGE Rbe! fIAEVERMA b pbfludibn | cast 2

5-fold’I ncrease, i ncreas I NCr ease, a

| ncr easgiiBnAts bodieral HEHAARE coffprinkf o bRIA L8R eBR8lcdidRfitd RES- cel

popul ati on percentage obtai ned conpared to aspiration o m

the unpelfusate conasHdig 86 Mbb8 steri @BM; ardoRYihd BRI BiodASstem celisArdigt hod i's

t
descri bed, wherein the perfusate, for exanple, fesulting frompulsatile

per f usitigd peflusdteadpprodiice NssthtedPE6rdbbiead demnediize P@thin?aéaﬁ/eéﬁ?}@é ure
wi th a conventional exsanguination nethod results in at [east 5 tines nore,

5 tinepetfasiaf witreae mvrmorel Gollimze Softerflisidn SEIGtiGMITOr eRémple, tfidfes 03 €
CD34+1CD38- cells being collected conpared to aspiration of cord blood from
t he unyplunos ofysesfusicat sofetion.t h a needl e and syringe al one. A further
nmet hod i s described, wherein the perfusate, for exanple, resulting from

pul satil e pérfsanenenmibadimasts, r éie operfiisinpr doprdsek f sutjecting uibi riotal

vascul ature with a conventional exsanguination nmethod results in at |east a
2- f ol d exsaryuindtedt or gparbaliyoleksanguinatedd mammalidn f pladentar ta &- pressurenr i ched
CD133+ cel |l percentage obtai ned conpared to aspiration of cord blood from
t he uniediaigd fieusefipertusian selutiorn iIncsdiain emdodipnéntg.cpressure-mediatedflovet hod i s
descri bed, wherein the perfusate, for exanple, resulting frompulsatile

per f usiohrperiysion selytien ¢asAPriFesc ar pulpatie flaw orh peréusionisoldion. v4R cadree ur e
with a conventional exsanguination nethod results in at |least a 3-fold, a
3-f ol d empodimentsoihg pregsyte-gegiated flew) of parfysiopr selution GomARisgA IneCol 33+

cel |l popul atjon obtai ned conpared to aspiration of cord blood fromthe

unbi | | 8reyek@uPgsitive Riesaurg-medigted dow & rratfision selution. opet inggetives

The bel ow definiti on§l serveegg 0, provide a clear and consistent understanding
of t he PEgRSUre-Mesiatet IaWPf Pesiusion saitiotdi ng the scope to be given such

terns. Perfyuse.The term "perfuse’ or "perfusion" refers to the act of
i nduci ng a i ©some embodz}%ents, Fhe metP;od comprises subjsecting the non-

exsanguinated or partially exsanguinated mammalian placenta to a pressure-
mediated flow of perfusate, for example, via pulsatile perfusion, wherein perfusing is
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 cells 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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flow of a fluid over or through a non-exsanguinated or a partially
exsangui nat ed pl acenta, preferably the passage of fluid through a

non- exsangui nated or a partially exsangui nated placenta with sufficient
force or pressure to renove any residual cells, e.g., non-attached cells
fromthe organ or tissue. As used herein, the term"perfusate" refers to
the fluid clalothet echHodirhemisnthe treetipes swyefurineo wompgisep pgantm petfusisge. | n a
preferred enbodi nent, the perfusate contains one or nore anticoagulants. A
f 1 ow oisolating Les incamslian i placarda fown@m Mammaliare sonee terpapducsd an| isolatsd
perfusion solution. A pressure-nediated flow of solution can conprise a
posi t i manunalizey placestap rrewls gedingethieaiselated mwaromalian iplacgnta Aoppredyce @

medi ated fl ow of solution can conprise a pulsatile flow of solution.

Per f usteajed marowalian placpatal using with at least a first volume of perfusion
solution for a period of time of from about 10 mi nutes to about 1 hour;
from about IDssevenal @sbedimantsitthegsolpiad: Riacenta is coglathsufepboniisrielsr t o
about 30 m nutes. Perfusi ng can conprise perfusi ng a] .

non- exBESYIAMERte @NGr bafopa rReriising. e X8a3R0¢ RPEedipleRtent® FRC'SH isplatechr
closed rigid or defaormable container. The _container %sq C nBri se a vol unme
of por PRSFEA SATANIIREL Ak @ EMRSTENES FRRMIRG o PRAHLACDS ta 4bRKE P o

exsangyi nat ed i
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about m n- an dl'ic pressure of Trom about to about 90

m;bogip e%%%ﬁg% &Qprt%aéH?ut Ao Mo ofer Em'i%?ér%li\lcarw ﬁéﬁhﬁ Beﬁt‘fnsi{ug?.om about 30

e pressure source used to push or pu per f usi on

sol ution t hy,Qughe %%o‘@iﬁﬁ@ﬁ’t@ e rﬂleﬂ‘\&@rﬁd%s"ﬂdt 'r?c@.ﬁresé@ﬁ\irﬁt?dﬁontd? ifieBfdRt € a

flow of solution froma pressurized system exanple, a peristaltic or

pul sat bt &nPfitodauiAl ks thd fadkifa HridP /! Sristridt I BMeNEmbbaRRITR, the

facilitates retention of sterility 1 n the solutions being induced to flow

t hr ougpiakBRtalt ABEMRINniStBR AT HRtY WHS Hh @intliSyRJulat gHomed Berfigihg. | s adj ust ed
to optimze renoval of cord blood froma partially exsangui nated or

nonexsangui patefePembalinfentEe tHe peisfe! s81itoh Thmprieesna paySivkigiialigol ut i on”
means any physiologically conpatible solution or nedia conprising an

ant i coagmbatitile $aititioni Bélzeit robLtniraam uge RPNV b/ IMDM) oindothep ethboeirhents,
conprising stemcells. Suitable perfusion solutions can conprise of

consi stheopedusdtd/ sdlitsivebmphsek dvk amticaagulantt i irucejtaimedimbodivperitontid y
conprising gluconate and/or heparin, for exanple 1000U heparin for a total
vol unepeffushté i $stutiormnebniimisesr avPSntigddguteaait| gelectedr frem chelpagiar i areatirer

exanpl ¢ 2000U heparin for a total volunme of 600-750 ml. Ot her suitable

per f usploosphateltextros eGP AR wn any doovwindlienrad o log newk dloeredf.and enpl oyed by
one of ordinary skill in the art. Perfusing can conprise perfusing with at
| east a firist sooieurseniddipentsusthen plademta da. padiallysexsgnadinatrd daiari tfd out at

a tenperature of from about 4C to about 27C, for exanple, at room
t enper perfieraning 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 needle and bag).

11



First Volume. The term"first volune"” nmeans a volune of a perfusion solution
for perfusing a non-exsanguinated or partially exsanguinated i sol ated
manmal i an pl acenta. The first volunme of perfusing solution can conprise or
consist of fromabout 250 m perfusion solution to about 2 liters, from
about 400 m to about 1.5 liters; fromabout 500 m to about 1.2 liters,

from abgeher@ff, stbri GelRbRIdy b’le kgoﬁaqéd fromel the @BrRBRIGH SRRnGLInkRePRONT the>0 o

per fusi on sol ution. Pressure Mediated Fl ow. The term "pressure

nedi at eglaéérfd/ byn®agte snbhidthdy. f ie s6Me Ssthbédifients 8 6RAINMENHOS | dteme Or
negative pressure. Negative Pressure.The term "negative pressure" neans a

pr essur eeliseisolaten Hwpphhe | exsahgamudtedl placénta LeHY ttadtarhendthoms Phey de
Positive Pressure. The term" p03|t|ve pressure nmeans a pressure at or above

one at ncopbined with stem gelsaisetated asingr theghaéntive pertusidmosgtheds. In some
Exsangui nated Pl acenta. The term "Exsangui nated Pl acenta” neans an isol ated
pl acent embodiments, the aidmiined sterhi celjs lftamo dolfa sndtbeds neaybedised tol ddrtveawn,
i.e., to nake bl oodl ess. Non- Exsangui nated. The term

" Non- Exsithgustent eell ghtageny.a” neans an i sol ated placenta from which no
circulating blood has been renoved or w t hdrawn.

Parti al | y- EXBatfuieniogiment, dhe elaneniis perfligedyisa i imiiiea! Rredestand neans
an isolated placenta fromwhich a portion of the circulating blood has been
r enov eduBkiligeltedR. alth someesmbediments, fhe plarenta is, penfesede end the @pré 8laod refers

to a master o . . i
removed comprising viable stem cells, up to about 40 hours post-delivery. In certain

embodiments, the placenta is perfused, and the cord blood removed comprising
viable stem cells, between about 6 hours and about 40 hours post-delivery.

In some embodiments, the PMPP of the attached placenta is performed at a
pulse setting of about 15-60 beats/ min. In certain embodiments, the PMPP of the
attached placenta is performed at a systolic pressure ranging from 15 to 70mmHg.
In yet further embodiments, the PMPP of the attached placenta is performed for a
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 15 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 90 minutes for the selected minimum

amount of time.

12



cel | thatwga%ﬂm(]gﬁ@c‘iduce indefinitely to formthe speci alP T &G W1 $5br

ti ssues and organs. A stemcell is a developnentally pluripotent or
mul ti potent cell. A stemcell can divide to produce tw daughter stem
cells, or one daughter stemcell and one progenitor ("transit") cell, which

then proliferates into the tissue's mature, fully formed cells. The "stem
cel | used Har eertainnemisteiiméntspoei tswiateal baimitivel afstnatbpeietit SStefPt @il

Henmat opoi etic stemcells are rare prinmtive blood cell progenitors that
have t hshermpaeist yedmprisel ferreepdi cabes b @D3Ue/CHEBH adolisp COBBMU@els,sour ce
of regenerative cells, and to differentiate, so as to give rise to various
mor phol @8i 33+/CPIetc oglis, 2B 83piGIa34-scells, EDbI Do tetis) ICDIMCe aghs,. CDHSse
precursors are inmmature bl ood cells that cannot self-replicate and nust

di f f er esetllsaiTBy htaelisnl-in- ecalib 0 EX QR4+ ceilsicALBDHIY' talts, esige popiuthtiony(&™Moi d and
nyeloid cells. Wthin the bone marrow m cr Cenvironnent, the stemcells

sel f - preglipf ePBEA-Jhd calls. | BFEA nealen TBA-1-B800ellpr otIRALT-8M ©Ellsl |ormat ur e
bl ood cell |ineages throughout life. CD34+ cells are defined as the
ear | i estorpRinatifsothargef. sdefudben epthodimentsbitke jispintedestem cells qoerisker al

bl ood or neonatal cord blood. The suppl enent and the nedi um of the present

i nvent i IfMiLYe hematppoiptic stens (rellRhanatyraspivet R diffarentiaieninte selisfotmemza+
cells and c&él s of el gid lineage, including BFU-E cells, erythrocytes,
CFU- NEQNER| GR32 HEa, Srllsy GR ST chiav CRI P3+/CRbMdC Sl ornGDHaRHAge-

neut rophi | s eosi nophils, and basophils. In earlier stages of devel opnent,

cells o‘fe"ﬁyel oid lineage express the CD34+ marker protein. In |ater stages

R e RN Rl o SR

ot L R R e g e N
ik M el e
lprogﬁ(r;: ttor or bipecﬂrlsért cgqj'f ' érytnhlrg?)% BQ@E‘%{H tgré%)#' B?SE‘E?%‘@P“ ?f’lﬂsét ng
f?/grr)n corﬂ?@(@?‘%%ﬂc%@%eﬁ{aogigﬁa%d? %:ssglgér uesda{?teedt go%%écggﬁsj%rﬁat g@“@%’? cfgbl ood

the ar O Qe L=l Sompasirel Epltfitlodd Whebiiy R iodd SOR gl 'L

For exadmé@ungtﬂﬁ@(d'g sefé!aha%&éﬁ&yﬁ{ee&rg}gé%(e é&_@%&% ﬁmﬂ%téghggﬁa% the

M ni Macs System tenvi Biotec), the _ system

Technolpedgse isofited ok BdoBHleMecalBE ATHE idoftbdcBrd BRAE &Bh Sels'@arPbgrare a
preparation of cells enriched for CD34+ cells on a |arger scale, systens
mar ket eflydpreSiayb@r Heal thcare and Cel I Pro are available to those of
ordinary skill in the art. The terns "hematopoietic stemcell™ and

" pl uri pot entin hah@p eiodimentera eedthodr 6 eblidcling €dtdl biRCBtefitells i§ i Se
to any type of henatopoietic progenitor or precursor cell, including

nyel oi diescxigehitiatrcanr camprise spcoksist 6f pvididy ahdsglatgenon-eksaigunizedr sor
cells, and | ynphoid progenitor or precursor cells. Hematopoietic stemcells
di spl aymam@@ldn plebasta taDPAsingheordt piv®do compaEBig4 cordHIbBAR sterh CEBEs:
phenotype (Daley, J. P. et al., Focus 18:62-67 (1996); Pinentel, E., Ed.,
Handbo glartisfily Gexsanguifatingr theVidolated | noHersdarguinaiéd cn@momallanF-plzicenta am

Cyt oki nes, pp. 1-2, CRC Press, Boca Raton, Fla., 1994). 1. Method of

col | ectrredyosl adaniallyGixsaptlipatsitt placentai aridoatvofurhe 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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convent i o I*"CE3¢YPvest | ng A proof of concept pil SETREAPEPSA et hod
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 inmmediate function of the kidneys which are stored
prior gemprising Woadtblodheoperingi cordsidbad i ssemcoelis; soliectislg Re\Vperfleaiae! | Par k
Menorial Institute) nedia with gluconate and 1000U heparin for a total of 1
liter andRelateyg tESSqrt usodd 6tbn? 0olEUrbRpthe volyree ®f zendbiasst ard foPStRE t h
2000U heparin sodium. Presently, it has been shown using a baboon

pl acenperfusdte té pasdumd isblated cotd blopdtstern callg. sthe isslFtad ceed blpodosterhd
renoval of the entire remaining placenta CB. The collection of an absol ute
tot al nellsccandbearyopegsenéetint, col ony formng cell (CFC) count, CO34+ and
CO34+/ CD38- percentage and count was approximately 2-fold hi gher when

machi ne per ingroe embodimgey, the 'E’ME’%BW\%&#? elvsiaspiration ﬁf:F?lrtde&ﬁ‘é‘? fiem

conpared to veni puncture nethod al one. i Si baboon

V¢ 1 ] Based on the prom sin
CB col thecumbifice), vagedature avigh ch FRRVEINPPEL PXSANGUNALIORMSHPd I 8% e% on
ol acon REGOIETEE Sy INSBEASURAGH ARPULR 18] HErSrRs B TaRuaRt SelElBh under
Revi cwoBlgiren o o7 PIAgBR o BERIEE o e T o BYREPIBHe et B MRSl ¢ o™
i |+ daseuialite YRR Rarpls il chTRG® BRI wak cHpr RIS (af cFE BT % o
caosar ParsbiEclf B Blecili if 210t reopolifites HaoP o pRIBMINY RS LRl o

sever al @cet.hods tgégd wi dely for routine CB collection. The 18 gauge needl e
was at PEEHIEN IS or 60 m syringes and the aspirated CB material was

i mredi atel y, trans i :0nd Qi ke heparin
solution. T °§§I%n§%§°§%ehg ‘@5?’9'}”%»%5. ate ypmbggﬁﬁ\%ﬂ{oﬁ e%g?iﬁﬁg%fﬁnevent
clotti SO ' ' : ke, | sedredshy this
proced@?%%g%ﬁ%g%%ﬁt%aﬁﬁﬁ %f&gﬁ%qﬁr&g%gﬁﬁ%h@%@n%@xt t he pl gcent a was

del i . . g o e . M
el Vernggglrgoﬁd_ é@arée?PWSQﬁ]%og{ hets kMdiifdréased befdehfadeSel @bBaR ceag (

Heal t h ) the placenta required visual exam nation, it
was pl %%Pé?né’&‘g@rg@% d 1P adpimioAst dof@BRoR & theiuinisiiicdl bkt @ais@mathi on bag

at the tine o npl eti on of the exam nation. The placenta was wei ghed

Wi thi N HeBfleShRYT dRirRR0aRhel\eIA colfpfrabie! iR BalD réesvery 98! possiblesedhand
placed into triple bag 1solation and kept in an ice chest w thout any

mani pulggdentiSisHil eksihguinhea gitfop togsrfarming theinventive péradionimetipidacent as
were perfused between 6.25 and 39 hours after delivery. A placenta can be
cooled ,r &f ta@btHeFodrabbdimertt, thet PMRR pledfusatef plis canpidation of 3®rd dolabdut 15C,
from about -8C to about 10C, from about -2C to about 6C, or from about OC
t 0 abouyton®fhe hbNitaleghschatyreaditma songentionapexsanguimation nethed,csuchias ool ed
pl acenta can be maintained prior to perfusing at a tenperature above

f r eezi ngedfeosncspinges resuitsf inaaboub awt. 9:0ld increabed totabCD 34t cslis btaines t o
about 10C, or at about 2C to about 6C, for a period of tinme of from about
30 mi nuoemarad dbaspirsidornoficerd biooth fadrothe urpbilieal tvasgulatire suitthgupesdle r om
about 6 hours to about 40 hours; from about 10 hours to about 40 hours;

f rom alzmdtsytibga@iene. t & copmarable tatgles!| resoverdmpassibie Biheplacentarsi%dut 40
hour s. To perform pul satile machi ne placental perfusion (PMPP), the
pl acentexsapguipatad gdion to pedersning ghe iinéﬁﬂt'\@riéﬁ"gé@&?ﬁ m@@hqu det er mi ne whet her
there were any |lacerations or tears in the_placenta. Then, H%he Lgbi | ical,
cord was ex&myetanataer emkodisrent, thedPMPEReriisets PWe agpiraton fhreidiPod or g
vein. One or nore of the two unbilical arteries and the H‘oilic |_vein were
be candram the upbiigal yascaladurserth acagventional exsangripatiop Ql“% Pd'csd‘f?ﬁiﬁsaa was
inserted into an unbilical 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 RMB ki dney perfusion!funp) which was prinmed with Bel zer MPS
pl us 1000- 2000U heparin (600-750nmL Bel zer MPS with 2000U heparin sodi un) at
a tenperature of 1C to 2700. Bel zer MPS is a FDA approved organ perfusate
used for preservation of cadaver donated organs for transplantation (Gage
et al., 1997). Pulsatile Machine perfusion was perfornmed at 60 beats/ mn
and the systolic pressure was at between 30-70nmHg. The average tine to
conpl ete perfusion was 26 mnutes (range 20-30 nmin). To determ ne the

conpl eti on of placental perfusion, we used the placenta



ti ssue color change froma dusky blue color into a clear white color as a
mar ker for a total evacuation of the vascular content in the placenta.

Ei ght CB sanples were collected using veni puncture and nachi ne pl acenta
perfusion nmethod fromthe sanme subject and their quantitative descriptions
are summari zed in Table |I. The mean CB vol une col |l ected by veni puncture was
as descerbled aadoswingEheraselts iGBaboltume 14r&fold hacrasedt CD34mChB®e cpliacent a
perfusi on nmet hod was not neasurable since the perfusate and CB was m xed at
t he endopWaionepercgntagat pblringd chmparad, dgtaspinatian coft aomhdi@RL Gromedks (r ange
36-41 weeks) and the nean placenta size for dianeter and thickness was 20 x
1 cm ( kmbicak vasewpturghwity| & derdles ag@ryyriope atlnee. f Aoreparabieedatel aelisect i on
(sanple 1) and 7 vaginal deliveries (sanple 2-8). Mean time from placenta
del i velf§CQVETY te PospiPleaili e BlacBRiar ifsneth exganauinaied miof teapgriqrening ke
hours), and the duration tinme of placenta perfusion procedure was |ess than
30 ni n'"pENtye RedHsIaN MRthAd26 i nutes, range 20- 30 min) (Table I). There

s S RETTRERATE AR LI L R RR -
"n'a  HEhEE Gpiea e ByRERE a2 PRt P aLr P20 UPE MRIPY. SUFE 35 L1 at | on
oF Dot UR@on DISHAA et S B3] i e oA A LA RE ¢ g
10 52 SR MRRPHERL AR 0 SRR 5 T LSR5l o
Col o8 BRIt e SVIRGEAGe, G Al oL FIAGSD'F 7
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-fold 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 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 other embodiments, the cord blood stem cells may be cryopreserved.
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In some embodiments, the described subject matter includes a method for
treating a mammal in need of hematopoietic reconstitution comprising (a) isolating
hematopoietic stem cells derived from placental cord blood according to a method
described herein and (b) culturing in vitro the hematopoietic stem cells isolated
according to a method described herein, thereby producing progeny stem cells. In
certain embodiments, these progeny stem cells may be used immediately or stored,
for example by cryopreservation, for future use, such as in a unit for delivery to a
patient in need thereof. In further embodiments, the method may further comprise
(c) introducing into the mammal a composition comprising a therapeutically effective
amount of the progeny 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 other embodiments, the described subject matter includes a method for
treating a mammal in need of hematopoietic reconstitution comprising (a) isolating
hematopoietic stem cells derived from placental cord blood according to 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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embodiments, the isolated stem cells from more than one placenta can be pooled
together for use in treating 2 mammal in need thereof. In further embodiments, the
progeny derived from isolated stem cells of one isolated placenta can be pooled
together with progeny derived from one or more additional isolated placentas for use
in treating a mammal in need thereof.

In some embodiments, the method for treating a mammal in need of
hematopoietic reconstitution involves a mammal that has aplastic anemia, a
hematopoietic malignancy, an autoimmune disease, a genetic disorder, an

. 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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In other embodiments, a method is described for regenerating damaged
tissue in a mammal in need thereof, wherein the tissue comprises one or more of
cardiac tissue, muscle tissue, liver tissue, skin, neural tissue, bone tissue, epithelia,

stroma, or enﬂothe\ium.

BRIEF DESCRIPTION OF THE FIGURES
In the detailed description of the invention presented below, reference is

made to the accompanying drawings in which:

Figure 1. Pulsatile machine placenta perfusion (PMPP) enables 1.5-fold
increase total mononuclear cell count per placenta (venipuncture fraction plus PMPP
fraction) compared to venipuncture alone. The figure represents an analysis 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
105 + 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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Figure 4. The mean percentage of CD34+/CD38- cells in venipuncture and
PMPP fractions was 0.32 + 0.17% (mean + S.D.) (range 0.04-0.66) and 4.4 + 4.1%
(mean * S.D.) (range 1.3-14), respectively demonstrating that PMPP fraction
contained a 13-14-fold increased CD34+/CD38- cell population percentage

compared to venipuncture fraction.

Figure 5. The absolute number of CD34+/CD38- cells in venipuncture 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- cells.

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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(mean + S.D.) (range 0.82-6), 11.9 + 15 x 10° (mean + S.D.) (range 0.78-50),
respectively, demonstrating a 2.6-fold and 1.95-fold increase CD34+/CD38+

percentage and absolute number, respectively, favoring PMPP.

Figure SA and 9B. The mean percentage and absolute number of
CD133+/CD34- cells in venipuncture and pulsatiie 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 +
8.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 * 8.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 number 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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is not to be taken in a limiting sense, and the scope of the present invention is
defined by the appended claims.

Although a number of discrete embodiments are described below, it is to be
understood that these ar;a merely non-limiting examples, and that any given
embodiment of the invention may comprise some of the features of one shown
embodiment, and/or some of the features of another shown embodiment.

A method of collecting cord blood stem cells is described that can comprise or
consist of perfusing, for example pulsatile perfusing, an isolated non-exsanguinated
or partially exsanguinated mammalian placenta with a perfusion solution to produce
a perfusate comprising cord blood stem cells; collecting the perfusate comprising
cord blood stem cells; and isolating cord blood stem cells from the perfusate to
produce isolated cord blood stem cells.

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
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
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2. Anal ysi‘go&fm@g?q%ct ed solution from PVPP in conpari soR CTESRYROLHET onal
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with Ficoll-Hypaque density gradient centrifugation. CB cells were washed
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(Mlte%i Bi ot ech, Auburn, CA) and anal yzed by Facstar-plus (Becton

Di cki ndBid) NsEeasach GR344CD38s ¢9lk Prpulietian sperraptiagp e obiginachicompared der f or ned
usi ng appropriate antibodies in parallel for each sanple. CD34+ Cell

Sel ect i%ﬁ‘ra ion o C?ﬁ%tbé??‘gfmf“ Hre embiigb yasewaiure dithsa giiedie @ids swsinge

Ficol | - aque density gradient centrifugation were further isolated to
enrich 4+ cell popul ation by magnetic cell separation method using the
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BSA, Zyeedle 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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to aspiration of cord blood from the umbilical vasculature with a needle and syringe

alone.

1. Definitions

The below definitions serve to provide a clear and consistent understanding of

the specification and claims, including the scope to be given such terms.

Perfuse. The term "perfuse” or “perfusion” refers to the act of inducing a
flow of a fluid over or through a non-exsanguinated or a partially exsanguinated
placenta, preferably the passage of fluid through a non-exsanguinated or a partially
exsanguinated placenta with sufficient force or pressure to remave any residual
cells, e.g., non-attached .cells from the organ or tissue. As used herein, the term
"perfusate” refers to the fluid collected following its passage through an organ or
tissue. In a preferred embodiment, the perfusate contains one or more
anticoagulants. A flow of perfusion solution can comprise a pressure-mediated flow
of perfusion solution. A pressure-mediated flow of solution can comprise a positive
or negative pressure mediated flow of solution. A pressure mediated flow of solution
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 15

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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container can comprise a volume of perfusion solution such that the non-
exsanguinated or a partially exsanguinated isolated placenta is submerged in the
perfusion solution contained in the container during perfusing, whereby the volume
of perfusion solution and the perfusion solution contained in the container are
combined prior to isolating cord blood stem cells there from. The submerged
isolated placenta and surrounding perfusion solution can be at ambient pressure or

can be subjected to a positive and/or negative pressure.

Perfusing can comprise subjecting a non-exsanguinated or a partially
exsanguinated placenta to a pulsatile flow of perfusion solution using a pulsatile or
peristaltic pump, for example, at from about 15 to about 90 beats/ min and at a
systolic pressure of from about 15 to about 90 mmHg; or at about 60 beats/ min and

at a systolic pressure of from about 30 to about 70mmHg.

The pressure source used to push or pull perfusion solution through the
mammalian placenta will be sufficient to generate a flow of solution from a
pressurized system, for example, a peristaltic or pulsatile pump or device. The use
of peristaltic pumping systems facilitates retention of sterility in the solutions being
induced to flow through the placenta. The actual pressure level or pumping rate is
adjusted to optimize removal of cord blood from a partially exsanguinated or non-

exsanguinated placenta.
Perfusion solution. The term ‘“perfusion solution” means any

physiologically compatible solution or media comprising an anticoagulant sufficient to

sustain viability of cord blood cells comprising stem cells. Suitable perfusion
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solutions can comprise of consist of a RPMI (Roswell Park Memorial Institute)
media, optionally comprising gluconate and/or heparin, for example 1000U heparin
for a total volume of 1 liter; and Belzer MPS optionally comprising heparin, for
example 2000U heparin for a total volume of 600-750 ml. Other suitable perfusion
solutions are known and can be readily selected and employed by one of ordinary
skill in the art. Perfusing can comprise perfusing with at least a first volume of
perfusion solution. Perfusing can be carried out at a temperature of from about 4°C

to about 27°C, for example, at room temperature.

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 mi 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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Exsanguinated Placenta. The term “Exsanguinated Placenta” means an
isolated placenta from which all circulating blood has been removed or withdrawn,

i.e., to make bloodless.

Non-Exsanguinated. The term “Non-Exsanguinated Placenta” means an

isolated placenta from which no circulating blood has been removed or withdrawn.

Partially-Exsanguinated. The term “Partially-Exsanguinated Placenta” means
an isolated placenta from which a portion of the circulating blood has been removed

or withdrawn.

‘Stem Cell. As used herein, the term "stem cell" refers to a master
cell thatl 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 celis" 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, lymphoid and myeloid cells. Within the bone marrow microenvironment,
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the stem cells self-proliferate and actively maintain continuous production of all

mature blood cell lineages throughout life.

CD34+ celis 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 celis 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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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 1o 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. lll: 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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remaining placenta CB. The collection of an absolute total mononuclear cell count,
colony forming cell (CFC) count, CD34+ and CD34+/CD38- percentage and count
was approximately 2-fold higher when machine perfusion was added to the

conventional venipuncture method compared to venipuncture method alone.

Based on the promising baboon CB collection by pulsatile machine perfusion,
this method was tested on human placentas. Eight CB collections were performed
on 36-41 week placentas from 7 normal 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 mi 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 Health 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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were perfused between 6.25 and 39 hours after delivery, " A placenta can be cooled
after isolation at a temperature of from about -3°C to a'b';ut 15°C, from about -8°C to
about 10°C, from about -2°C to about 6°C, or from about 0°C to about 6°C, provided
the placenta is not permitted to freeze. The cooled placenta can be maintained prior
to perfusing at a temperature above freezing, for example, at from about >0°C to
about 15°C, at about >0°C to about 10°C, or at about 2°C to about 6°C, for a period
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 ﬁéld 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 (600-750m! Belzer MPS with 2000U heparin sodium) at a temperature of 1°C
to 27°C. Belzer MPS is a FDA approved organ perfusate used for preservation of
cadaver daonated organs for transplantation (Gage et al., 1997). Pulsatite Machine
perfusion was performed at 60 beats/ min and the systolic pressure was at between
30-70mmHg. The average time to complete perfusion vsas 26 minutes (range 20-30

min). To determine the completion of placental perfusion, we used the placenta
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tissue color change from a dusky blue color into a clear white color as a marker for a

total evacuation of the vascular content in the placenta. '

Eight CB samples were collécted using venipuncture and machine placenta
perfusion method from the same subject and their quantitative descriptions are
summarized in Table I. 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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Table |. Characteristics of cord blood collections from 8 placentas
Sample | Gestation | Placenta Time to | Perfusion | CB Method of | Blood
no. (week) size perfusion | time (hr) [ volume | delivery clotin
(diameter | (hr) by placenta
X syringe (%)
thickness {ml)
cm)
1 39 18 x1 9.5 0.5 50 caesarian |0
2 39 19 x1 7 0.5 80 vaginal 0
3 39 22 x1 27 0.42 65 vaginal 5
4 40 21 x1 15 0.37 62 vaginal 0
5 36 18 x 1 39 0.33 40 vaginal 110
6 40 25x1 19 042 90 vaginal 7
7 36 17 x 1 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 et 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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mononuclear cells with Ficoll-Hypague density gradient centrifugation. CB cells were

washed and enumerated as described above.

Flow Cytometry Analysis

Mononuclear cells were stained with monoclonal antibodies including anti-
human CD38- FITC, CD34-APC (BD Pharmingen, San Jose, CA), AC133-PE
(Miltenyi Biotech, Auburn, CA) and analyzed by Facstar-plus (Becton Dickinson) per
manufacturer's instructions. Isotype controls were performed using appropriate

antibodies in parallel for each sample.

CD34+ Cell Selection

The aliguot of CB mononuclear cells obtained from Ficoll-Hypaque density
gradient centrifugation werg 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 préviously (Takebe et al., 2002). Cells were cultured in
the commercially available culture media, MethoCult (StemCell Technology,

Vancouver, Canada), consisted of 1ml IMDM, 1% methylcellulose, BSA, 2-
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mercaptoethanol, L-glutamine, insulin, transferrin, SCF, GM-CSF, IL-3, IL-6, G-CSF,
and erythropoietin per manufacturer's instructions. At day 14, the colonies (larger

than 50 cells) were enumerated from duplicated culture dishes.

Table Il. Summary of colony forming units from 3 CB samples containing a
matched pair sample from venipuncture method and machine placenta
perfusion method.

CFU-GM (a) CFU-GEMM (b) BFU-E
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+0.7 12+1.4 0 7+07
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 qnit—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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Having described the invention in detail and by reference to the embodiments
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appended claims. Thus, the present invention is not intended to be limited to the
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partially exsanguinating the :solated 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 comprising cord blood
comprising cord blood stem cells;

collecting the perfusate, and
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Havi ng described the invention in detail and by reference to the

enbodi nents thereof, it wll be apparent that nodifications and vari ations
are possible, including the addition of elenents or the rearrangenent or
conmbi nation or one or nore elenments, wthout departing fromthe scope of
the invention which is defined in the appended cl ai ns. Thus, the present

invention i ssdisting thieastt@ idad stem delistiamin tife Volamccsruid Brovdsarspwm ther ei n
but is to be accorded the w dest scope consistent with the principles and

novel fpepiugaiestodiredlicszdldied eonnl blosthetem sel. ai ned i s: 1. A method of
collecting cord blood stemcells, conprising: provi di ng an isol ated

non- exsangui nated or partially exsangui nated nammal i an pl acenta conpri si ng
cord bl ood conprising cord blood stemcells; perfusing the isolated

non- exsanguinat edhermptiadi afl digimeX sfarther ecarmprising priat toisofdtiagepoaling the a
pressure nedi ated flow of a perfusion solution to produce a perfusate
conpr i siohgne of dongl kioad eorhing perigsater d bl ood stemcell's; collecting the
perfusate; and isolating the cord blood stemcells fromthe ‘
perfusate to produce isolated cord blood stemcells. 2. The net hod

of claim1, wherein the isolated mammalian placenta i s non-exsangui nated.
3. A nethod%ef cdiheemathed cofr any| Bsd of t@aimselll §F Howperainnife pressure-

mediated flow of perfusion solution comprises a pulsatile flow of perfusion solution.

6. The method of claim 4, wherein perfusing is carried out under
conditions sufficient to produce a mammalian placenta substantially free from cord

blood stem cells.

7. The method of claim 5, wherein perfusing is performed using a

peristaltic pump.

8. The method of any one of claims 1 or 3, wherein the isolated cord

blood stem cells comprise hematopoietic stem cells.
9. The method of any one of claims 1 or 3, further comprising after
providing, cooling the isolated mammalian placenta to produce a cooled mammalian

placenta.

10. The method of claim 8, further comprising: maintaining the cooled

isolated mammalian placenta at a temperature of from about >0°C to about 15°C.
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provi di ng an i sol ated non- exsangui nated manmal i an pl acenta conprising cord
bl ood conprising cord blood stemcells; partially exsanguinating the
i sol at ed non- exsangui nated nmanmal i an pl acenta to produce a partially
exsancui nated placenta and a vol unme of cord bl ood conprising cord bl ood
stemcel |l s; perfusing the partially exsangui nated manmal i an pl acenta
with a pressure nediated flow of a perfusion solution to produce a
perfusate conprising cord bl ood conprising cord bl ood stemcells;

col l ecting tfe paHetnatiRd ¢fitthim 10, wherk®Ghaintdiging tongwisds bhaipthisihgrorcel | s
fromthe volunme of cord blood and fromthe perfusate to produce isol ated

cord blgparied ef timé ®f Lp to about 40 Aourkhe nmet hod of claim 2, further conprising
prior to isolating, pooling the volune of cord blood and the perfusate.

5. The nmethod of any one of clains 1 or 3, wherein the pressure-nedi ated

fl ow of perfusion .solution conprises a pulsatile flow of perfusion

sol ution. 12. The Methoektdeodrdifg dob acland 1, Wiiterein thee lidalatedgplasentar isi ed out
under conditions sufficient to produce a mamalian placenta substantially
free frenolesborkdptondes aiar priclgement, and bgfordperfosingod of claim 5, wherein

perfusing is perfornmed using a peristaltic punp. 8. The met hod of
any one of clains 1 or 3, wherein the isolated cord blood stemcells
conpri se hemat opoi etic stemcells. 9. The nethod of any one of

claims 1 or 8. f Jhehanetbodparedrdipdate eelaigt olQ.dwhgreigotie myolask isalaledt ed

manmal i an pl acenta to produce a cool ed mammal i an pl acent a.
mammalian placenta is maintained at a temperature ranging from about >0°C to

about 6°C.

14,  The method according to any one of claims 1 or 3, wherein the method
does not require administration or injection of an anticoagulant into the placenta prior

to perfusing.

15. The method according to any one of claims 1 or 3, wherein the

placenta is not administered or injected with an anticoagulant prior to perfusing.

16. The method according to any one of claims 1 or 3, wherein the
perfusion solution comprises a physiologically-compatible solution comprising an

anticoagulant.
17. The method according to claim 16, wherein the perfusion solution

comprises one or more anticoagulants selected from the group consisting of heparin,

creatine phosphate dextrose (CPDA), or any combination of two or more thereof.
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10. The n¥PHBY3/%%2) ai m 8, further conprising: nmaintai nipﬁ'gr/l{sﬁ%n@blﬁ%d

i sol ated mammal i an placenta at a tenperature of from about >0C to about

15C. a period of tine of up to about 40 hours. 12. The met hod
according to claim1l, wherein the isolated placenta is cooled or kept on
ice after procurenent, and before perfusing. 13. The met hod
according to claim 10, wherein the cooled isolated mamml i an placenta is
mai nt ai ned at a tenperature rangi ng from about >0C to about 6C. 14.

The nethod ag;or ditegmehadacedriiny t6!caife 11 wierdin theeistiated hhanmidlies does
not require admnistration or injection of an anticoagulant into the

pl acentg@aguritais & pantiilly wxisanguinated priot fo pdifgsimgt hod according to any one of
claims 1 or 3, wherein the placenta is not adm nistered or injected with an
anti coagul ant prior to perfusing. 16. The method according to any
one of clainms 1 or 3, wherein the perfusion solution conprises a

physi ol ogi cald.y- ddwpatethbd swburdingrtocdaipn i 351 whersin gariiallyagusanguinating 17.
The net hod according to claim 16, wherein the perfusion solution conprises
one or cumprisestdofecting corddlead by veniptincure degrgvitydrainags st i ng of hepari n,
creatine phosphate dextrose (CPDA), or any conbination of two or nore

t her eof . 18. The nmethod according to claim1, wherein the isolated
manmal i an placenta is a partially exsanguinated prior to perfusing.

19. The met R adder dnelodo ageerdings towklkaini f. pahenel | Rerfusith RAMBRSSRg

conprises collecting cord bl ood by veni puncture or gyavity dr ai nage
perfusing via one or more of the umbilical arteries and the umbilical vein.

21. The method of claim 20, wherein 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 perfusion circuit.

22. The method according to claim 21, wherein perfusing is carried out at a

pulse setting of from about 15 beats/min to about 60 beats/min.

23. The method according to claim 21, wherein perfusing is carried out at a

pulse setting of about 60 beats/min.

24. The method according to claim 22, wherein perfusing is carried out at a

systolic pressure of from about 30mmHG to about 70mmHg.

25. The method according to claim 24, wherein perfusing is carried out for

a period of time of from about 15 min. to about 35 min.
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20. The nethod according to claim7, wherein perfusing conprises perfusing
via one or nore of the unbilical arteries and the unbilical vein.

21. The nmethod of claim 20, wherein perfusing further conprises cannul ating
one or nore of the unmbilical arteries and the unbilical vein to produce a
cannul at ed pl acenta; and placing the cannul ated placenta in a perfusion
circuit 22. The nmethod according to claim?21, wherein perfusing is
carried out at a pulse setting of from about 15 beats/m n to about 60
beats/min. 26. T3 mdthed natdurdingCoafly nghd @fctlainms 21 or vendiereimethbusi ng
is carried out at a pulse setting of about 60 beats/mn. 24. The

nmet hod isalat@ddiond) biowdcdtamneelB, conimarisel oneper moss aiCD84¢3D3&dalis; COHI 33+
systolic pressure of from about 30nmHG to about 70mrHg. 25. The

met hod celis,o G 1E$+HGD3A4aI oeld), CNMB8BeIGDPer teits, nGD14 7¢acellss dCOB0+f gellg peri od
of time of fromabout 15 min. to about 35 mn. 26. The net hod
accor di®ig59-o caltsy Thyd +otelis| hinrcells 0EXERAtheellsi AL cellsit side popdlatibpod st em
cells conprise one or nore of CD34+/CD38- cells, 00133+ cells, C0133+1CD34+
ol 1 5, (OB} s CBBEAG Kells, CBEEAE coals, TRAMHER cotls. TRBIBL aidl, oty Lr
cells, Lin- cells, CXCR4+ cells, ALDHi Il gh cells, side population (SP)
cells, %S@PgtpnééW@OfSSEA- 4+ cel | s, TRA-1-60 cel | s, TRA-1-81 cells, or
conbi nati ons t hereof. 27. The method accor di ng to claim 26, wherein
the isol ated cord bl ood stemcells conprise primtive stemcells that can
differenti at Lr cells other fhan 0D34+/ CO38- cells, CD133+ cells,
C0133+1003427cel | e Be thash §Goretngs o 6[51"71325 Qtharein dhg |igolatedgpardclippd, D59+

I |ls, Lin- Ls, ALDchi gh
Co b e S@ﬁ&xessﬁe%ﬁ Yhekgan ieiniels T eel ot han o

homat ot /E0R8: sl B1R8h ﬁﬂﬁ’? LSS e 2o TR el
nemat onar 116 oBpEB8br Sosnsy iﬁ?i‘%’* ae”ﬁntggﬁlﬁi't@h{"ﬁgﬂ%%ﬁm% E8fRaosi 1 on
Ctam c2IHHE ™ eaf %igﬁéﬁéﬁ*sbévi#’i% SR o, PERAPEG ﬂﬂdﬂgﬁfmp%?t A

met hod cfeﬂé Hﬁ?ﬁkl.{'lg,‘ %en@rmal in need of herrat opoi etic reconstitution
conprising rntroducing rnto the manmal intravenously or

28. A method for freating a mammal in need of hematopoietic
reconstitution comprising: (a) culturing in vitro the hematopoietic stem cells isolated
according to claim 8, thereby expanding hematopoietic stem cells; and (b)
introducing into the mammal a composition comprising a therapeutically effective
amount of the expanded hematopoietic stem cells, whereby hematopoietic

reconstitution is effected.

29. A method for ftreatng a mammal in need of hematopoietic

reconstitution comprising introducing into the mammal intravenously or
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i ntraosseously a conposition conprising a therapeutically effective anount
of the hematopoietic stemcells isolated according to claim8, whereby
henmat opoi etic reconstitution is effected. 30. The nethod accordi ng
to claim 28, wherein the mammal in need of hematopoietic reconstitution has
apl astic anem a, a hematopoietic nmalignancy, an autoi mune di sease, a
genet i anvhcedasly @composiivietodpasing,a tharapegivally effeclide tanmmuint ofrthe

conbi nati on t hereof. 31. The nethod according to claim30, in which
t he marmemhatopoietie dstofn kehsmtisglatedt accordingnsd idiain @) eberehy hirerabtmpoiatici C

mal i gnancy sel ected from | eukem a, |ynphoma, nultiple nyel oma, and

ny el odyrepbrstitutionsiy redfieotes. 32. The nethod according to claim30, in
whi ch the mammal in need of hemat opol etic reconstitution has an

i mrunodeficiency resulting fromirradiati on, chenotherapy, infection by a
pat hogeni ¢ m croorgani sm or a conbi nation thereof. 33. A nethod for
r egener at i n@0danmddedmethend actordingrtongiaimi 28, nebereim the: otammahyin ineedef ( a)
culturing in vitro the cord blood stemcells isolated according to claim]l,
t her ebyhginajgneietig recensditetion has@plasticsangmipop ksipatepeietict waligrancy; aand (b)
introducing into the mammal intravenously or direct injection into the

t ar get astgEmMune sligrase: idoaeretisprisordss. ant inmuprdaficiencyy achalignanfesdlifount of
the differentiated cells and/or expanded stemcells, whereby tissue

r egenertdfoprPn conahipatiqnetereof. 34. A nethod for regenerating damaged
tissue in a mammal in need thereof, conprising introducing into the mammal
intravenously or direct injection into the respective damged organ a

iti i Si h i l. f. j ) f .th bl ood
COMPOs! L1 on oD LRl e o L AREAS LS 54! Bouhh ARyl h Bl °L°
ffected. . ... 35. Th et hod of f. cl ai 33 4 inth
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32. The method according to claim 30, in which the mammal in need of
hematopoietic reconstitution has an immunodeficiency resulting from irradiation,

chemotherapy, infection by a pathogenic microorganism, or a combination thereof.

33. 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 and/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

and/or expanded stem cells, whereby tissue regeneration is effected.
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34. A method for regenerating damaged tissue in a mammal in need
thereof, comprising introducing into the mammal intravenously or direct injection into
the respective damaged organ a composition comprising a therapeutically effective
amount of the cord blood stem cells isolated according to claim 1, whereby tissue

regeneration is effected.

35. The method of any one of claims 33 or 34, wherein the tissue
comprises one or more of cardiac tissue, muscle tissue, liver, skin, neural tissue,

bone tissue, epithelia, stroma, or endothelium.
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